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Presentation
Revista de Educación is a scientific journal published by the Ministerio de
Educación, Cultura y Deporte. Founded in 1940, and since 1952 called Revista de
Educación, it has been a privileged witness of the development of education in
the last decades, and an acknowledged means for the dissemination of education
research and innovation, both from a national and international perspectives. It
is currently assigned to the Instituto Nacional de Evaluación Educativa within the
Dirección General de Evaluación y Cooperación Territorial and it is published by
the Subdirección General de Documentación y Publicaciones of the Ministerio
de Educación, Cultura y Deporte.
Each year we publish four issues. Starting next issue (No. 361), the magazine
will have three sections: Research, Essays and Education Experiences, all of them
submitted to referees. In the first issue of the year there is also an index of
bibliography, and in the second number a report with statistic information about
the journal process of this period and the impact factors, as well as a list of our
external advisors.
From 2006 to the second number of 2012 (May-August 358), Revista de
Educación was published in a double format, paper and electronic. The paper
edition included all the articles in the especial section, the abstracts of articles
pertaining to the rest of sections, and an index of reviewed and received books.
The electronic edition contains all articles and reviews of each issue, and it
is available through this web page (www.mecd.gob.es/revista-de-educacion/),
where it is possible to find more interesting information about the journal. From
the 358 number Revista de Educación becomes exclusively an online publication.
Revista de Educación assesses, selects and publishes studies framed in well
established lines of research, mainly: methodologies of education investigation
and assessment; analysis of education systems and public policies; evolution and
history of contemporary education systems; education reforms and innovations;
quality and equity in education; curriculum; didactics; school organization
and management; attention to diversity and inclusive education; educational
guidance and tutorship; teacher selection, training and professional development;
international cooperation for the development of education.
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Revista de Educación is available through the following data bases:
■ 
National databases: isoc, beg (gencat), psicodoc, dialnet, y redined (Red de

Bases de Datos de Información Educativa).
■ 
International

databases: Social Sciences Citation Index® (ssci),
Social Scisearch®, scopus, Sociological Abstracts (csa Illumina), pio
(Periodical Index Online, Reino Unido), iresie (México), icist (Canadá),
hedbib (International Association of Universities - Unesco International
Bibliographic Database on Higher Education), swetsnet (Holanda).

■ 
Journal evaluation systems: Journal Citation Reports/Social Sciences

Edition (jcr), European Reference Index for the Humanities (erih),
Latindex (Iberoamericana), scimago Journal & Country Rank (sjr), resh,
Difusión y Calidad Editorial de las Revistas Españolas de Humanidades
y Ciencias Sociales y Jurídicas (dice), carhus plus+, Matriu d’Informació
per a l’Avaluació de Revistes (miar), Clasificación Integrada de Revistas
Científicas (circ).
■ 
Directories: Ulrich’s Periodicals Directory.
■ 
National catalogues: Consejo Superior de Investigaciones Científicas

(csic-isoc), Red de Bibliotecas Universitarias (rebiun), Centro Nacional de
Innovación e Investigación Educativa (Ministerio de Educación, Cultura y
Deporte), Catálogo Colectivo de Publicaciones Periódicas en Bibliotecas
Españolas (Ministerio de Educación, Cultura y Deporte).
■ 
International catalogues: WorldCat (usa), Online Computer Library Center

(usa), Library of Congress (lc), The British Library Current Serials Received,
King’s College London, Catalogue Collectif de France (CCFr), Centro de
Recursos Documentales e Informáticos de la Organización de Estados
Iberoamericanos (oei), copac National, Academic and Specialist Library
Catalogue (United Kingdom), sudoc Catalogue du Système Universitaire de
Documentation (France), zdb Zeitschriftendatenbank (Alemania).

Revista de Educación does not necessarily agree with opinions
and judgements maintained by authors
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Monographic section

Form-focused Skill Training in EFL Speaking Pedagogy:
Empirical Counterevidence to Trade-off Hypothesis
Método de enseñanza centrado en la forma en la pedagogía
de la expresión oral en ILE: refutación de la hipótesis
trade-off
DOI: 10.4438/1988-592X-RE-2017-380-371

Arman Toni
Science and Research Branch, Islamic Azad University

Jaleh Hassaskhah
University of Guilan

Abstract
The Trade-off Hypothesis claims that learners have limited cognitive resources which hinder simultaneous accuracy/fluency in cognitive processing.
However, inspired by the adaptive control of thought theory (ACT), this study
postulates that the integration of form-focused instruction (FFI) into a threephased sequence, called form-focused skill training (FFST), may promote a simultaneous development in both accuracy and fluency. To test this hypothesis,
the developmental process of oral skills in a sample of EFL learners (N=56) was
examined. The results of the quantitative and qualitative analyses (ANCOVA and
Content Analyses) of the data obtained via oral proficiency test, semi-structured
interviews and observations, revealed significant differential effects of FFST on
the participants’ simultaneous development of oral accuracy and fluency. The
study proposes an approach which may pave the way for an integrated model
for teaching speaking, and in turn has pedagogical implications for researchers,
practitioners and materials developers.
Keywords: speaking performance, accuracy, fluency, skill acquisition theory,
adaptive control of thought, form-focused instruction
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Resumen
La hipótesis trade-off sostiene que los aprendientes cuentan con recursos
cognitivos limitados que dificultan la precisión y la fluidez simultáneas en el
procesamiento cognitivo. Sin embargo, inspirado por la teoría del Control Adaptativo del Pensamiento (ACT, por sus siglas en inglés), este estudio postula que la
integración de la enseñanza centrada en la forma (FFI, por sus siglas en inglés)
en una secuencia de tres fases, llamada método de enseñanza centrado en la
forma (FFST, por sus siglas en inglés), puede producir un desarrollo simultáneo
en la precisión y la fluidez. Para comprobar esta hipótesis, se analizó el proceso
de desarrollo de las destrezas orales en una muestra de aprendientes de Inglés
como Lengua Extranjera (EFL, por sus siglas en inglés) (N=56). Los resultados
de los análisis cuantitativos y cualitativos (ANCOVA y análisis de contenido)
de los datos obtenidos mediante una prueba de competencia oral, entrevistas
semiestructuradas y observaciones, desvelaron efectos diferenciadores significativos del FFST en el desarrollo simultáneo de la precisión y la fluidez orales de
los participantes. El estudio propone un enfoque que, posiblemente, siente las
bases para un modelo integrado para la enseñanza de la expresión oral y, a su
vez, conlleve implicaciones pedagógicas para los investigadores, profesionales
de la enseñanza y creadores de material didáctico.
Palabras claves: rendimiento en la expresión oral, precisión, fluidez, teoría
de la adquisición del lenguaje, Control Adaptativo del Pensamiento, enseñanza
centrada en la forma

Introduction
Speaking requires a diverse array of linguistic, cognitive and affective
competencies to be mastered, leading to a considerable number of challenges
for the English as a Foreign Language (EFL) learner. To address such challenges
in foreign language (L2) speaking skill instruction, research has covered two
major approaches, namely the indirect and the direct approaches (Dörnyei
& Thurrell, 1994; Tarone, 2005). The former entails that language learners
are not actually taught how to speak, but rather they incidentally acquire
conversational competences, and the latter centers around a systematic
program of teaching the micro skills, communication strategies, language
input and processes where students attend to conversational rules to be
effective and produce error-free and fluent speaking.
An exploration of both approaches reveals that the L2 speaking
instruction seeks an interactive direction (Brown, 2007). On the one
hand, tasks with a focus on language-based objectives are provided, and
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on the other hand, message-based activities that focus on communicative
interaction and meaning are exercised. This seems consistent with Bailey’s
(2003) contention that all of language performance is pervaded by the
distinction between accuracy and fluency. Accordingly, an L2 curriculum
is required to include both language-based and message-based activities
in promoting the learners’ accurate as well as fluent oral performance.
Arguably, considering that students’ needs and challenges most likely
directs the goals and content of what is taught (Nation & Macalister,
2010), the question of whether it is more imperative to work on either
accuracy or fluency or both in the language classroom remains. To
account for the balance between accuracy and fluency, Skehan (2009)
portrays the existing tensions in the form of a Trade-off Hypothesis. The
assertion is that performance in each area requires attention and working
memory involvement so that attending to one may have negative effects
on the other. While accuracy is realized by learners drawing on their
rule-based system, fluency requires them to draw on their memory-based
system (Ellis, 2008). Thus, it is hypothesized that, as a result of their
limited processing capacity, learners will hardly focus simultaneously on
the two aspects and will prioritize only one (VanPatten, 1990). This leads
to the emergence of trade-offs, which result in a close tension between
form and automaticity. However, in reality, accuracy and fluency are so
closely related that one without the other would hardly lead to successful
interaction (Hobbs, 2012).
Research abounds into EFL learners’ oral accuracy and fluency.
A previously conducted meta-analysis of the literature by the present
researchers, however, unveiled some limitations of earlier research in this
line of investigation. First, very few studies addressed the impressibility of
speaking performance in particular when the simultaneous development
of accuracy and fluency is concerned. Second, since a number of
studies employed the interventions in one single session (e.g. Birjandi
& Ahangari, 2008; Abdi, Eslami & Zahedi, 2012), the question of whether
the application of only one session of a specific treatment would result
in valid interpretations remains. Last but not least, some studies failed to
provide detailed descriptions of the employed treatments and teaching
materials including the rationale in designing tasks or the implementation
procedures (e.g. Rouhi, & Marefat, 2006; Hassaskhah & RahimizadehAsli, 2015). As such, in an attempt to empirically challenge the Trade-off
Hypothesis, the present research sets out to explore the plausibility of a
framework to maintain a balance between accuracy and fluency so that
facilitating one does not influence the other in a negative manner.
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Theoretical Framework
This study draws upon a major model within skill acquisition theory,
namely Adaptive Control of Thought (ACT) (Anderson, 1995, 1996,
2007; Anderson & Lebriere, 1998; Lee & Anderson, 2001). The roots of
skill acquisition theory are found in different schools of psychology,
amalgamating elements of both behavioristic and cognitive theories.
The main claim is that “the learning of a wide variety of skills shows
a remarkable similarity in development from initial representation
of knowledge through initial changes in behavior to eventual fluent,
spontaneous, largely effortless and highly skilled behavior” (DeKeyser,
2007, p. 97). Development, according to this theory, involves the
employment of declarative knowledge followed by the automatization
of procedural knowledge (VanPatten & Benati, 2010), where the former
refers to the conscious knowledge of concepts piled up in memory as
propositions, and the latter is the unconscious knowledge of how things
are done (Richards & Schmidt, 2010).
As a model within this theory, which describes an architecture that
underlies cognitive processes, ACT represents three stages of skill
development: cognitive, associative and autonomous. These are the stages
through which one proceeds from the rule-bound declarative knowledge
to the more automatic proceduralized stage. According to this model,
knowledge is stored in propositional form. Initial access to this declarative
knowledge demands conscious effort. Through proceduralization,
the formal declarative knowledge is deliberately put into operation in
performance (VanPatten & Benati, 2010). During this stage, errors in the
original declarative representation of the stored information are gradually
detected and eliminated. Then, by means of successive practice, errors
disappear and performance becomes free from attentional control so that
skills are less reliant on working memory resources.
Ever since the introduction of the model, a number of studies have
addressed its implications or some of its intervening variables. The results
have been controversial; while some of the studies have failed to produce
evidence in support of the application of ACT to EFL teaching (e.g. Cook,
1993, cited in Muranoi, 2007; DeKeyser, 2003), some others have provided
supportive evidence for its benefits in EFL instruction (e.g. O’Malley &
Chamot, 1990; Towell & Hawkins, 1994, cited in Jordan, 2004; Johnson,
1996; DeKeyser, 2001 among others). Of the latter current of research,
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Ranta and Lyster (2007) state that the ACT sequence pedagogically
underlies the instructional materials used in research into the impact
of form-focused instruction (FFI). They argue that the application of the
three-part structure of ACT offers a reasonable sequence for teaching
target-language (French) structures in the Canadian immersion program
in which the focus of instruction is students’ subject-matter curriculum.
They report that instructional treatments in these studies promote
awareness of specific language features, allow for practice in different
meaningful contexts and highlight the role of teachers’ feedback.
Although this justification is based on observations of a large body of
research, it fails to elaborate on the discussions of the implications of the
sequence so as to provide a rationale for the efficacy of the ACT model
in promoting fluency. That is, what is seen in Ranta and Lyster’s (2007)
analyses is the study of earlier research into the impact of form-focused
instruction on students’ accuracy only. In addition, their study is in fact
a report of the implementation of awareness-provoking tasks, practice
and feedback as three discrete instructional procedures and does not
practically assess the cognitive-associative-autonomous sequence in
developing students’ language proficiency.
Nonetheless, an appraisal of Ranta and Lyster’s (2007) account justifies
the fact that the three-phase structure of ACT is theoretically advantageous
in EFL instruction, especially where a subject-matter curriculum is
concerned, in that it provides a logical sequence for selecting activities
that promote awareness of target-language forms, on the one hand, and
activities that build fluency, on the other. More importantly, the proposal
is seen to bring noticing, fluency, automaticity, output and feedback
together, concepts which have often been discussed in second language
acquisition (SLA) literature in isolation (ibid). Interestingly, Ranta and
Lyster suggest that the “cognitive-associative-autonomous” stages appear
too abstract a term and thus choose to label the sequence as “awarenesspractice-feedback”.
In our view, the proposed label seems to move in line with the
ACT cognitive-associative-autonomous sequence in discussions of skill
training. In other words, what are normally discussed in studies of
form-focused instruction as awareness, practice and feedback, usually
employed in promoting student’s accuracy, appear to parallel the
three-phased sequence of the ACT model in depicting the process of
fluency development. Accordingly, this underexplored interrelationship
accounted for the approach of the present study.
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The Present Study
The diverse results (even contradictory in some cases) obtained from
previous studies led the researchers of the present study to seek to
shed light on this line of investigation. Moreover, the review of current
literature revealed the dearth of any successful empirical research in
investigating the feasibility of simultaneous training of accuracy and
fluency. As a result, this study intended to examine a suggested model,
namely form-focused skill training (FFST), for developing simultaneous
oral accuracy/fluency among EFL students. More specifically, what this
research attempted to explore was whether the integration of formfocused instruction into a skill acquisition model, in addition to their
explanations of grammar instruction and skilled performance, could
help justify a balance between accuracy and fluency. Drawing upon such
a purpose, the study adopted a mixed-methods approach and sought
answers to the following questions:
1. Do EFL learners in the FFST group experience a significant
improvement in accuracy compared to those of FFI?
2. Do EFL learners in the FFST group experience a significant
improvement in fluency compared to those of FFI?
3. What are the learners’ impressions of an FFST-based course?

Method
Participants
The study was conducted with an initial sample of sixty-eight 18 to 27
year old undergraduate students (14 male, 54 female) within the A2 level
of CEFR. They were all Persian native speakers majoring in Teaching
English as a Foreign Language (TEFL). The study was carried out in one
of the mandatory academic courses; as a pre-requisite for the bachelor’s
degree, the participants had to take a compulsory course of Speaking
and Listening delivered in four credit units. As a result, since it was
practically impossible to disrupt the university schedules, the participants
were selected based on intact group design. Three intact classes were
randomly assigned to three distinct groups comprising two experimental
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groups (FFST and FFI) and one comparison (REG). For the sake of group
homogeneity, it was decided that the data belonging to students who
(a) had little or no previous knowledge of the target structure, which
was measured by administrating a pretest, (b) were similar in terms of
demographic information enquired in the study background survey, and
(c) attended all the training, treatment, and assessment sessions were
chosen from the original pool for final analyses.
To ensure that the sample included only participants who had similar
language proficiency, an Oxford Placement Test (OPT) was conducted as
the pre-test. The final sample of the participants (N=56) who qualified
to be included in the analysis were assigned to Group one (REG: N=16),
Group Two (FFI: N=18) and Group Three (FFST: N=20). The reason for
grouping learners into three groups was to measure the differential effects
of instructional materials and procedures on their speaking performance
geared to form-focused skill training (FFST), form-focused instruction
(FFI) and regular instruction (REG).

Instruments
To cross verify the same information, and increase credibility and validity
of the answers to the research questions formulated in the present study,
different instruments were used to triangulate the data. In particular,
this triangulation provided both quantitative and qualitative data for the
phenomenon under investigation. The instruments which were used
were as follows: The OPT (Oxford Placement Test, Allen, 2004), tests
of speaking proficiency (the speaking module of the First Certificate of
English, FCE), semi-structured interviews, observation, and the teachermade instructional materials.
It should be noted that, as for the validity of the instruments, four
experts (experienced instructors) were asked to provide ideas about the
appropriateness, practicality and clarity of the speaking proficiency test as
well as the clarity, quality and length of the interviews. As for the instructional
materials, the experts were asked to comment on the comprehensibility
and sufficiency of each instructional unit, decide on tasks in each unit for
the awareness phase, revise the tasks by excluding, adding, segmenting and
arranging them from easy to difficult in each unit, and provide ideas about
the size, format, spelling and the typographic fonts.
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Procedures
Prior to the main study, the adequacy of the instruments and the treatments
were examined in a pilot study. The objectives of the pilot study were to
probe into the procedures of data collection, verify the appropriateness
of the assessment instruments and developed interventions, and finally
to explore the tasks to avoid any challenges for the learners in the main
study. The detailed procedures appear below.

Screening process
In order to determine if the participants were eligible to be included
in the study sample, they were tested through the OPT in the first
class meeting. In the second week, before the instruction began, the
participants were given an open-ended question to express their ideas
about the main difficulties and challenges in this skill. The rationale for
this targeted screening was to address learners’ needs and challenges in
speaking. In week three, the intended participants were subjected to a
speaking proficiency test. One other parallel form of the test was also
administered in order to probe into students’ gain of the treatment and
to study if the treatments had any impact on their speaking accuracy and
fluency. The post-test was given in week nine.

Adopting the instructional booklet
Following Ranta and Lyster’s (2007) framework, the target structure was
introduced by means of awareness-provoking input for learners. Thus, the
topic of language awareness was particularly relevant at the construction
of the instructional units. Taking Tomlinson’s (2003) perspective into
consideration, language awareness is “a mental attribute which develops
through paying motivated attention to language in use” (p. 251). In a
similar route of inquiry, van Lier’s (2001) justification of the introduction
of attention in language teaching is that paying deliberate attention to
specific language features may help learners notice the gap between the
performance of proficient users of the target language and their own
performance.
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Inspired by Lyster (2012), the instructional booklet comprised a cover
page and four units. The cover page included a bolded title of active
vs. passive, as well as the table of contents. The page was designed
using bold and highlighted texts to help the learners to notice the to-beinstructed target structure. This was helped by the use of typographically
enhanced phrases, texts and designs. The page also included a table of
contents showing the different components of the booklet, comprising
the title of the units as well as the target element. The page was, in fact,
a preface to warm up the students and prepare them to face a particular
structural form different from what they already know about in their L1.
Each of the four units was comprised of eight parts. The purpose of
Part 1 was to expose the learners to the target structure by asking them
to read texts, containing the target form being highlighted. Part 2 was
an induction of the target form, stimulating learners’ rule-discovering
and analytical skills. Part 3 provided explanations and descriptions of
the target form so as to boost learners’ awareness of the target structure.
Throughout the process, procedures were used which attempted to
maximize the potential interactive collaboration between the learner and
other learners, and between the learners and the teacher. Hence, Part
4 and Part 5 encouraged working with peers. Parts 6, 7 and 8 included
written exercises serving as practice activities employing analysis-based
tasks (Lyster, 2004). In particular, Parts 6 and 7 were cloze-text tasks
pertinent to the activities in Parts 4 and 5. The tasks were adopted around
the students’ regular curriculum, which had actually the aim of preparing
the students for academic presentations and lecturing. Finally, part 8,
the latter part of each unit, asked the participants to make full sentences
based on the example which was modelled.

The intervention
Course instruction lasted four weeks. Each week, the participants in the
experimental groups (FFST and FFI) experienced treatment adopted and
implemented especially for the purpose of the study, while the subjects in
the control group (REG) received university’s regular program. Instruction
in this latter group was that of the commonly adopted strategy in English
departments’ ELT practices. The control group, thus, received instruction
based on the university curriculum materials without receiving form-
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focused instruction. As Lyster (2004) pointed out in his report of a study in
the immersion program, the importance of including a group not exposed
to the study treatment is to ensure whether or not exposing students to
extensive input alone, through teaching instructional materials replete
with target features, is sufficient to trigger any changes in the students’
ability to use the target structure, both accurately and fluently.
Of the two experimental groups which received treatments based on
ACT, one experimental group, designated as the FFST group, experienced
form-focused skill training including all the phases of the awarenesspractice-feedback sequence. The second experimental group, the FFI
group, received instruction with merely the first two phases, i.e. awareness
and practice. The rationale as to why the FFI group was included in
the experimentation stemmed from Lyster’s (2004) report of teachers
who were enthusiastic about providing no feedback, justifying that not
providing oral feedback on errors helps learners to focus on meaning,
not forms, and thus improve fluency. In other words, the purpose was to
examine whether form-focused instruction with extensive practice was
effective enough in students’ improvement in both accurate and fluent
use of the target structure. Each session was divided into different, yet
integrated, phases:
(a) 
awareness: The purpose of the first phase was to draw learners’
attention to the target feature. This took the initial sixty minutes of
the class time and involved both implicit and explicit instruction
of the target structure. Following Ellis, Basturkmen and Loewen
(2001), this phase adopted proactive teacher-initiated focus-onform which involved predetermining the grammatical feature
(the passive voice) to be targeted. Instruction in this phase
was realized by means of both linguistic and metalinguistic
explanations through which the teacher either gave information
about particular linguistic items explicitly or asked questions
to implicitly draw learners’ attention to the target feature. This
typically consisted of information about the property of the target
linguistic forms, received by the participants on the board as
well as on the instructional booklet. As such, “noticing activities
employing typographically enhanced texts and awareness
activities employing inductive rule-discovery tasks” (Lyster, 2004,
p. 413) were devised to suit the instructional purpose, which was
to facilitate learners’ cognitive processes and boost their awareness
of the target structure (Mackey & Gass, 2005).
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(b) 
practice: As for the practice phase, the 4/3/2 technique was
adopted. The technique, which was first described by Maurice
(1983, cited in Nation, 1989) served to practice the target feature
and involved the following steps. A learner spent a few minutes
preparing a talk on a topic pertinent to their course material.
Adopting topics on students’ course materials provided a
meaningful context for the form-focused intervention. During this
time, the learner thought of what (s)he would talk about and
did not make notes. Then the learner paired up with a classmate
and talked on that topic for four minutes. The listener did not
interrupt and did not ask questions. Then they changed partners.
The speaker then talked again on the same topic to the new
listener, this time in three minutes. The learners changed partners
again. The speaker gave the same talk for the third time to her/his
new partner, this time in two minutes. According to Nation (1989),
the technique has three important features: (1) the speaker has a
different audience each time she/he speaks, so her/his attention
will be on communicating the message; (2) the speaker repeats
the same talk, which means that she/he will develop confidence
to deliver the talk and will have less difficulty in accessing the
language she/he needs; (3) the time available to deliver the talk
is reduced each time the talk is given. This means that as the
speaker delivers the talk more fluently, there is no need to think
of new material to fill the available time.
(c) feedback: In the last phase, students were asked to rise one
after another to give the best of their talk, while the teacher was
listening to them and giving feedback on the errors they made
in the form of prompts and recasts. A prompt, which is referred
to interchangeably as the negotiation of form (Lyster & Ranta,
1997) and form-focused negotiation (Lyster, 2002), is a cognitively
engaging feedback providing a response to Swain’s (1985) call
for teachers to push their learners to be more accurate in their
output. Previous research has also shown that prompts, as a form
of indirect feedback, bear constructive contributions in producing
more accurate utterances (Aliakbari & Toni, 2009). Recasts, on the
other hand, involve the teacher’s reformulation of the student’s
utterance, devoid of the error (Lyster & Ranta, 1997). In explaining
the contributory role of recasts, some researchers argue that “the
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juxtaposition of the learner’s ungrammatical utterance with the
teacher’s reformulation provides the learner with an opportunity
to make a cognitive comparison … because meaning is held
constant and so the learner’s processing resources are freed up to
focus on form” (Lyster, 2004, p. 403).

Gathering other data
In addition to the data obtained by administering the pre- and the posttest, three other data collection methods were used to collect triangulated
data based upon different types of qualitative accounts to examine
effective teaching.
Observation
As the participants progressed in the context of the classroom, they
were observed so as to collect qualitative data in a naturalistic setting. This
enabled the researcher to see things that participants themselves were not
aware of, or that they were probably unwilling to discuss (Patton, 1990).
As for the sake of possibility, practicality and convenience, field notes
were taken and class interactions were audio-recorded. The utilization
of both of these methods helped the researchers run descriptions of
settings, people, activities, and could aid as means of accurately capturing
the setting as well.
Interviews
In the last week of the study, i.e. week fourteen, an interview was
conducted with the participants of the FFST group. In order to avoid
causing anxiety for learners in expressing their opinion in English
and that their English ability would not be judged by the interviewer,
the interviews were conducted in Persian. There were nine questions
to be answered. All the interviews were recorded for analysis with
the interviewees’ permission. Questions were about the participants’
overall evaluation of and their preferences about this way of instruction.
Participants were asked to explain their progress in oral performance. The
interview also explored learners’ gained strategies and their willingness
to participate in such kinds of courses in the future.
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Data Analysis
Quantitative data
To score learners’ performance on the pre- and the post-test‚ Guerrero’s
(2004) suggested measures of accuracy and fluency were utilized. Based on
this scale, accuracy is measured by calculating the percentage of error-free
verb forms. As for measuring fluency, the average number of words per
minute of the production of every participant was calculated. The scoring
was carried out by two raters. The first one was one of the researchers of
the present paper and the second rater was another professional teacher
who had access only to the audio-recorded samples of the tests. Both raters
were asked to transcribe the whole test sessions verbatim and score the
performance of the participants based on the rubric. The scorings of the
raters were then subjected to correlational analysis to check for interrater
reliability. The estimate of interrater reliability was Kappa 0.91 and 0.98 for
accuracy and fluency measures respectively.

Qualitative data
The qualitative data were gathered through observations and semistructured interviews. The procedures for content analysis in this study
centered on the following stages: 1) transcribing the aural data of the
interview, 2) translating the data into English, 3) coding the learners’
ideas, 4) looking for the pattern, and 5) interpreting data and reaching
a conclusion. The stages of the analyses were based on Dörnyei’s (2007)
framework.

Results
Quantitative analysis
The ANCOVA parametric test was chosen to determine the differences
among the scores obtained from the pre- and the post-test. The analyses
were conducted on both measurements (accuracy and fluency) to
determine whether the improvement in the mean scores is high enough
not to attribute to sampling error. Also, post-hoc analyses were regarded
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suitable to evaluate the differences among the three groups of study
before and after instruction.
Before running the tests, certain assumptions were needed to be
checked. For the OPT scores and both datasets on tests of speaking
proficiency, i.e. accuracy and fluency, as shown in Table I, the skewness
and kurtosis of scores fell within the range from -1.0 to +1.0 and thus
showed no violation of the normality assumption.

TABLE I. Descriptive Statistics for Test Scores
Test
Total Score of the
Students on the Placement Test

OPT Test

Statistics

Std. Error

Mean

141.41

2.442

Std. Deviation

20.139

Skewness
Kurtosis
Pre-Test

Total Score of the
Students on the Pre-test
Post-test
of Accuracy

Pre-Test

.291

.228

.574

Mean

63.204

1.096

Std. Deviation

8.053

Skewness

.241

Kurtosis

-.049

.639

Mean

72.5

1.825

Std. Deviation

.325

13.409

Skewness

.207

.325

Kurtosis

-.710

.639

8.5

.214

Mean
Std. Deviation

Total Score of the
Students on the Pre-test
Post-test
of Fluency

-.288

1.575

Skewness

.647

.325

Kurtosis

-.259

.639

Mean

12.91

.34

Std. Deviation

2.497

Skewness

-.834

.325

Kurtosis

-.331

.639

As for the assumption of covariate independency, a one-way ANOVA
was run using the pre-test scores for both datasets. The main effect of
the pre-test scores was not significant, F (2, 51)=1.959, p=.152 and F (2,
51)=6.110, p=.054 for accuracy and fluency scores respectively, which
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showed that the initial average of scores was roughly the same in the
three groups. As a result, it was appropriate to use learners’ pretest
accuracy and fluency scores as covariates in further analysis (Table II).

TABLE II. One-way ANOVA to Check the Independence of Groups and the Covariates
Source

Sum of Squares

Df

Mean Square

F

Sig.

Between
Groups

245.148

2

122.574

1.959

.152

Within Groups

3191.611

51

62.581

Total

3436.759

53

Between
Groups

25.418

2

12.709

6.110

.054

Within Groups

106.082

51

2.080

Total

131.500

53

To test the next assumption, the homogeneity of regression slopes,
ANCOVA was run by using a customized model. The output obtained
from the procedure, p=.132 and p=.130 for accuracy and fluency
respectively, were greater than the significant value, which indicated that
the assumption of homogeneity of regression slopes was not violated for
either the post-test accuracy or fluency measures (Table III).

TABLE III. Homogeneity of the Regression Slopes for Post-test Scores
Type III sum of
squares

Df

Mean Square

F

Sig.

Corrected Model

9278.146

5

1855.629

354.361

.000

Intercept

185.300

1

185.300

35.386

.000

Group

167.642

2

83.821

16.007

.000

Pretest

2490.838

1

2490.838

475.664

.000

22.170

2

11.085

2.117

.132

Error

251.354

48

5.237

Total

293367.000

54

9529.500

53

Source

Group*Pretest

Corrected Total
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Corrected Model

302.939

5

60.588

105.377

.000

Intercept

65.219

1

65.219

113.432

.000

Group

21.180

2

10.590

18.419

.000

Pretest

48.376

1

48.376

84.137

.000

Group*Pretest

4.344

2

2.172

96.271

.130

Error

27.598

48

.575

3.778

Total

9327.000

54

Corrected Total

330.537

53

The last assumption, the linearity of relationship between dependent
variables and covariate for all groups was checked by the graph. As
shown in Figures I and II, the associated relationships are clearly linear
and there is no indication of curvilinear relationship. As a result, the
assumption of linearity was not violated in either accuracy or fluency
datasets.

CHART I. Linear relationship between accuracy and the covariate
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CHART II. Linear relationship between fluency and the covariate

The first research question
ANCOVA was conducted to compare the effectiveness of the three
different treatments on students’ speaking in the post-test. The
independent variable was the types of intervention (REG, FFI, FFST)
and the dependent variable consisted of scores in the post-test speaking
accuracy after the intervention. The participants’ pre-test accuracy scores
were used as the covariate. Tables IV and V show the results of Levene’s
test and the ANCOVA table respectively.

TABLE IV. Levene’s Test for Speaking Accuracy
F

Df1

Df2

Sig.

.256

2

51

.775
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The result indicated that the homogeneity of variances was not
violated because the obtained value was greater than the alpha level of
0.05 (p=.775).

TABLE V. ANCOVA Test Including Speaking Accuracy as Covariate
Type III sum
of squares

Df

Mean Square

F

Sig.

Corrected Model

9255.976

3

3085.325

563.994

.000

Intercept

199.791

1

199.791

36.522

.000

Pretest (accuracy)

2494.357

1

2494.357

455.966

.000

Group

4694.224

2

2347.112

429.050

.000

Error

273.524

50

5.470

Total

293367.000

54

9529.500

53

Source

Corrected Total

The results of the ANCOVA test revealed that pre-test score was a
significant covariate (p=.000) meaning that the three groups significantly
differed in speaking accuracy scores prior to the treatment. However,
ANCOVA results still show a significant difference between the post-test
result of the three groups (p=000). It can be concluded that there is
significant difference among the study groups regarding their performance
on the posttest measuring students’ accuracy in the production of the
English passive voice. However, it was crucial to check the adjusted value
of the groups to find the optimal way of intervention. The results are
presented in Table VI.
TABLE VI. Parameters Estimate for Post-test Accuracy Scores
Group

26

Mean

Std. Error

REG

64.924

FFI

65.379

FFST

84.970
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Based on these estimates, it could be concluded that the FFST
group significantly differed from the control group (REG) and the other
experimental group (FFI). In other words, the mean of the group that
received form-focused instruction with skill training was higher than
the other two groups who received either a regular or merely formfocused instruction. In addition, form-focused instruction showed better
performance in comparison to regular instruction, yet the performance was
not significantly better. The result of Tukey’s post hoc analysis, which was
run to conduct pairwise comparisons among groups, is shown in Table VII.

TABLE VII. Tukey’s Pairwise Comparisons of Post-test Accuracy Scores
(I)
Group
REG
FFI
FFST

(J)
Group

95% Confidence Interval

Mean Differences
(I-J)

Std. Error

Sig

Lower
Bound

Upper
Bound

-3.13194

2.53123

.437

-9.2423

2.9784

FFST

-24.68750*

2.47096

.000

-30.6523

-18.7227

REG

3.13194

2.53123

.437

-2.9784

9.2423

FFST

-21.55556*

2.39348

.000

-27.3334

-15.7778

REG

24.68750*

2.47096

.000

18.7227

30.6523

FFI

21.55556*

2.39348

.000

15.7778

27.3334

FFI

The result of pairwise comparison shows that the speaking accuracy
of the FFST group in the post-test was significantly better than the
performance of the REG and FFI groups. In addition, there is no
significant difference between the performance of REG and FFI groups. It
can be concluded that form-focused instruction skill training procedures
more significantly increased learners’ speaking performance in terms of
accuracy compared to learners who were only exposed to either regular
or form-focused instruction.

The second research question
Similar procedures were conducted on the fluency dataset. The
independent variable was the type of intervention (REG, FFI, FFST)
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and the dependent variable was the score in the post-test for speaking
fluency. The participants’ pre-test scores were used as the covariate.
Tables VIII and IX show the results of the Levene’s test and the ANCOVA
table respectively.

TABLE VIII. Levene’s Test for Speaking Fluency
F

Df1

Df2

Sig.

2.124

2

51

.130

The result indicated that the homogeneity of variances was not
violated (p=.130>.05).

TABLE IX. ANCOVA Test by Including Speaking Fluency as Covariate
Type III sum of
squares

Df

Mean Square

F

Sig.

Corrected Model

298.595

3

99.532

155.798

.000

Intercept

64.060

1

64.060

100.274

.000

Pretest (fluency)

53.108

1

53.108

83.130

.000

Group

293.254

2

146.627

229.518

.000

Error

31.942

50

.639

Total

9327.000

54

Corrected Total

330.537

53

Source

The results revealed that pre-test score was a significant covariate
(p: .000<0.05) meaning that the three groups significantly differed in
speaking fluency scores prior to the treatment. However, ANCOVA still
shows a significant difference between the post-test results of the three
groups (p: .000< 0.05). It can be concluded that the performance of the
three groups was not the same after receiving intervention. However, it
was crucial to check the adjusted value of the groups to find the optimal
way of intervention. The results are presented in Table X below.
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TABLE X. Parameters Estimate for Post-test Fluency Scores

Group

Mean

Std. Error

REG

9.139

FFI
FFST

95% Confidence Interval
Lower Bound

Upper Bound

.207

8.723

9.554

14.835

.202

14.429

15.241

14.188

.180

13.826

14.550

Based on these estimates, it is found that the performance of the FFST
and FFI groups were roughly the same in the post-test with a mean of
14.188 and 14.835 respectively and both outperformed that of the REG
group. Tukey’s test shows analysis of one-on-one comparisons in each
pair of groups (Table XI).

TABLE XI. Tukey’s Pairwise Comparisons of Post-test Fluency Scores

(I)
Group

REG
FFI
FFST

Mean
Differences
(I-J)

Std. Error

Sig

FFI

-4.54167*

.44371

FFST

-4.77500*

REG

(J)
Group

95% Confidence
Interval
Lower
Bound

Upper
Bound

.000

-5.6128

-3.4706

.43314

.000

-5.8206

-3.7294

4.54167*

.44371

.000

3.4706

5.6128

FFST

-.23333

.41956

.844

-1.2461

.7795

REG

4.77500*

.43314

.000

3.7294

5.8206

.23333

.41956

.844

-.7795

1.2461

FFI

The result of pairwise comparison shows that the speaking fluency
of the FFST and FFI groups in the post-test was significantly better from
the performance of the REG group. In addition, there is no significant
difference between the performance of FFST and FFI groups, although
the FFI group had a roughly higher mean of scores in speaking fluency
in the post-test. It can be concluded that both form-focused skill training
procedures and form-focused instruction had the same significant impact
on the development of students’ speaking fluency.
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Qualitative Analysis
The third research question
Qualitative content analyses of the data collected from the interviews
(see Appendix) and class observations helped address research question
three. Based upon Dörnyei’s (2007) framework, qualitative content
analysis is mostly used to “characterize the collection of generic qualitative
analytical moves that are applied to establish patterns [emphasis added]
in the data” (p.245). It involves transcribing the data, coding, growing
ideas, and interpreting the data and drawing conclusions.
In this respect, the pertinent data were audio-recorded, transcribed
verbatim and translated into English. The outcome was 172 minutes of
oral interactions comprising a bank of 21567 words. The associated data
were then interpreted, and conclusions were drawn. The results yielded
evidence that almost all the learners acknowledged an improvement in
their speaking after receiving the instruction. Having analyzed the data,
the patterns in learners’ responses were classified into five categories
indicating the major findings as follows. (Quotations are labeled as Ln,
where L stands for learner and n refers to subjects’ ID.)
Linguistic contributions
Increased attention to grammar in general along with an awareness of
the passive voice structure in particular were observed in the majority of
learners’ responses. The following excerpt highlights this issue:
 63: The good point about this semester was the teacher’s more and
L
clarifying explanations of the grammatical points.
Besides, some respondents (e.g. L55, L58, L64) believed that their
fluency also improved as a result of the instruction:
 55: The best point about this semester was the part in which we had
L
pair work with three different partners.
Cognitive improvement
Responses to the interview questions showed that the learners mostly
identified recent changes in how they perceived and tended to solve
linguistic problems. They commented that, by the end of the course, they
could manage to create, modify and rearrange ideas. More interestingly,
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some respondents (e.g. L50, L51) believed that the partnership among
the peers in the second phase of the class led to better brainstorming so
that one’s ideas could be stimulants for another’s, and some (e.g. L48,
L50, L53, L65) noted that the process of getting prepared to give lectures
helped them boost their memory.
 48: I think the more different ideas between me and my partners led
L
to sharing more ideas.
Affective change
Most of the interviewees’ responses had to do with the affection
they experienced during the course. Since the students were left free
to report whatever they believed and however they perceived the class,
the responses were of both positive and negative reflections of the class
interactions. Confidence was the focus of most students’ perceptions.
Some interviewees (e.g. L59, L61) noted that they liked the group work
and partnership, especially changing the partners. Some (e.g. L56,
L63) admitted that the class interactions brought a gift of confidence,
extroversion and stress management. Below an example excerpt is
presented:
L63: I tried to control my stress each time I was given a chance to talk.
In contrast to the most positive impressions of the course, three
students reported that they experienced anxiety during the sessions,
a matter which needs to be cautiously taken into consideration. Two
students (L49, L58) stated that the little time they were given was a big
cause of stress and embarrassment so that it led to long hesitations. In
addition, one learner (L62) noted that the teacher could have calmed the
class down so that students’ anxiety and fear of presenting in front of
other class members would get as low as possible.
Overall course benefits
The analysis yielded evidence of the learners’ satisfaction with the class
procedure employed during the semester. Respondents’ most frequent
admiration of the course was on the role of the teacher’s feedback (either
positive or negative feedback), presentations and pair work. The students
also noted that, during the semester, they could facilitate their note-taking
strategy to make faster preparations prior to giving lectures. Moreover,
it was revealed that time management was one of the strategies that was
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accomplished. In sum, it could be argued that the analysis showed that
students’ impression of the course was highly positive.
Preferences and comments
Analyses of students’ responses to interview questions and the
researchers’ observations revealed that the role of the teacher’s
explanations was a welcomed part of the course. Likewise, the teacher’s
feedback was appreciated. In addition, the learners approved of the role
of pair work and emphasized that it was stress-releasing and constructive
in boosting their fluency. A thought-provoking comment was made by
three learners (L52, L59, L66) purporting to have not completely done the
exercises in the booklet as to the teacher’s lack of sufficient supervision.
They believed that monitoring students, asking and, at times, forcing
them to do the exercises is a necessary part of instruction. Last but not
least, some suggestions were posed by two participants (L50, L65). As a
case in point, it was suggested that, prior to speaking on a topic, students
search for related information to develop their general knowledge so that
it helps them to get prepared to talk. It was also suggested that students
try to prepare, in advance, related vocabulary so that probable lack of
vocabulary knowledge does not hinder their performance.

Discussion
The results of the analysis of the obtained accuracy scores from the posttest shows that accurate performance in group FFST, which was exposed
to form-focused instruction within subsequent stages of skill training,
was significantly better than the other two groups. The strategy in this
group involved attention to form which occurred in interaction where
the primary focus was on meaning. The approach was found successful
probably because integrating form in this way helps L2 learners to,
as Doughty and Williams (1998) assert, develop their form-meaning
mappings. In addition, this teaching strategy approves of a proactive
focus on form approach, predetermining the grammatical feature to be
targeted. Equally importantly, the feedback draws the subjects’ attention
either explicitly or implicitly to the L2 aspects such as grammatical forms
(Nassaji & Swain, 2000), which in turn pushes the learners to intentionally
modify their output to produce more accurate utterances.
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As for the results of the analysis of fluency scores, the findings approve
of the role of repeated practice as the key factor in subsuming conscious
knowledge into unconscious skill (Ellis, 2009a, 2009b). This finding can
be justified on the grounds that the knowledge of ‘what the rules of a
language are’ can be converted to the skill of ‘how the rules could be
applied in a given context’. In other words, the findings of the present
study confirm the hypothetical theorems of the ACT theory which have
seldom been empirically tested in previous research.
By juxtaposing the findings of the different conditions, the
simultaneous development of accuracy and fluency in the FFST group
can be justified from two perspectives. First, stimulating learners’ rulediscovering skill with the aid of awareness-provoking lessons and explicit
instruction, which was in line with Ranta and Lyster’s (2007) suggested
design of instructional lessons, served as didactic grammar input for
learners. Second, thanks to the ACT model, it is evident that, at the
associative stage, learners come to bridge their declarative knowledge to
skillful communication. When it comes to learning linguistic elements in
context, not only explanations, but also opportunities for practicing some
communicative tasks are of concern. In this regard, the adopted topicbased course materials provided a meaningful context for the practice
phase of the treatment, which is itself the heart of proceduralization.
By means of repeated practice, the learner’s attention would be on
communicating the message (Nation, 1989), which would in turn free up
their cognitive and memory resources and devote it to communication in
order to convey the message.
The results of the analysis of the obtained qualitative data provided
insight into the learners’ impressions of the FFST-based course. Learners’
comments which showed that they believed FFST boosted their attention
to the target feature was quite an achievement of the course since,
according to Larsen-Freeman (2001), it is rather burdensome for the EFL
learner to transfer the accurate grammar to their speaking. In addition,
the students’ reports of satisfaction with their memory improvement
in producing accurate and fluent speech at the same time could be
regarded as a resolution to McLaughlin and Heredia (1996), Skehan and
Foster (1999) and Hughes’ (2002) concern of the existence of imbalance
between accuracy and fluency. Moreover, students’ comments were good
indicators of the feasibility of the application of FFST in improving their
confidence and extroversion. This finding is a response, in line with Brown
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(2001), Shumin (2002) and Zhang and Jia (2006), to obstructive affective
variables that lead to students’ undesirable speaking performance.
All in all, the findings of this study suggest that form-focused
instruction is more effective when skill training is encouraged as part
of the class activity. Based on these, the following model for promoting
a simultaneous accurate/fluent speaking performance is represented
(Chart III).

CHART III. Schematic representation of form-focused skill training (FFST)

In line with Ranta and Lyster’s (2007) contention that skill learning,
in addition to its benefits in promoting fluency, might provide “a logical
sequence for selecting activities that promote awareness of target
language structures” (p. 150), the model postulates that the cognitiveassociative-autonomous sequence in skill learning corresponds with the
concepts of awareness, practice and feedback in form-focused instruction,
respectively. Accordingly, the model suggests a three-phase instructional
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procedure. The first phase employs proactive focus on form. This involves
targeting predetermined grammatical features which are known to be the
source of learning difficulty or viewed as the culprit of persistent errors in
students (Doughty & Williams, 1998). Having conducted needs analyses
to account for learners’ perceived challenges in speaking, this stage is
realized by means of focused tasks or communicative activities providing
students with enriched input. The objectives of the second phase are
achieved by employing repetitive, authentic and time-constrained tasks.
In so doing and in line with Johnson (1996), who maintained that L2
teachers should help learners automatize their declarative knowledge
by controlling the amount of attention a learner can give to a language
form, form-defocused repetition tasks are to be employed in order
to provide the opportunity to focus on the message, lead learners to
gradual automatization and assist those who have difficulty in accessing
grammatical and lexical items (Arevart & Nation, 1991). The final phase
deals with providing learners with reactive focus on form and addresses
their performance problems. This is achieved by providing learners with
interactional feedback including negotiation, confirmation, clarification
and modification, and is based on the hypothesis that such strategies
highlight linguistic or pragmatic problems, leading learners to notice a
hole in their interlanguage (Swain, 1998). There is evidence asserting that
interactional feedback provides learners with opportunities to produce
and modify output (Gass, 1997; McDonough, 2005; Mackey, 2007, among
others), resulting in the learners’ modification of what they have said
and thereby attempting to make their output comprehensible for mutual
understanding (Muranoi, 2007).

Conclusion
Having reviewed earlier research and conducted an experiment on
the impressibility of EFL learners’ speaking performance, the present
research could make readers aware of the plausibility of a form-focused
skill training (FFST) approach in developing learners’ accuracy and
fluency. In particular, the results obtained from the present study led the
researchers to recommend that integrating form-focused instruction with
sequential skill training would have significant constructive impact on
the simultaneous development of speaking accuracy and fluency.
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The results pave the way to suggest that teachers and materials
developers could take advantage of the experimented procedure in
teaching speaking as well as related materials preparations. The findings
of the study convince us to point out that it makes sense to attempt to
adopt and prepare materials that include tasks, activities and exercises
which provide opportunities for learners to promote speaking accuracy
and fluency simultaneously. These activities should be developed in such
a way that learners notice, comprehend and explain target features, and
at the same time they should involve processes during which learners’
motivation and autonomy are encouraged.
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Appendix
The Semi-structured Interview (English Version)
1.	What do you think about this way of practicing speaking (FFST)?
How would you describe it?
2.	What did you like most about this way of instruction? In the
instruction phase?
3.	Which one the following activities did you prefer: teacher’s
explanation in class, doing the exercises from the booklet? Why?
4.	Was there anything you did not like about this method?
5.	Do you think, through this method, your speaking ability
improved? How?
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6.	Which aspect of speaking (accuracy, fluency or both) do you
think you developed most?
7.	Which activities of this course were the most helpful for learning
speaking?
8.	Name some strategies you have gained from this class that could
be useful for you in the future?
9.	Would you like to attend another similar class in the future? Why?

Contact address: Dr. Jaleh Hassaskhah, Department of English language and
literature, Faculty of humanities, University of Guilan, Rasht-Iran, Zip code: 416
351 159. E-mail: hassas@guilan.ac.ir
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Abstract
The publication of the last TIMSS’ report (2017) embosses the necessity to
keep performing studies that value comparatively the patterns followed by different countries, to introduce improvements that mean developments on the
learning systems. Educational politics need data to fundament their positions
on changes that will facilitate the professional and social development of the
population. The objective of the article is to perform a comparative study of the
educative efficiency of countries from two very cultural separated continents but
with formative qualifications, in occasions, very nearby. Primarily, there will be
obtained the levels of efficiency in mathematics and science between only European countries, then, the sample will be enlarged with Asian countries to check
which one of these highlights against the Europeans. The empirical analysis will
be performed through the technic DEA from TIMSS corresponding to 2015. The
results show pretty high efficiency levels on the simple of European countries,
therefore, with little effort they could reach the maximum level. England, Russia and Norway highlight as countries completely efficient on both subjects and
analyzed degrees. When introducing on the analysis the Asian countries, the
variability of the simple increases and only Norway and England are capable of
competing and keeping themselves on the maximum levels of efficiency besides
the Asians placed on the first positions of TIMSS, such as Singapore or Korea.
Therefore, in some countries coincidences between the TIMSS valuations and
the efficiency level obtained are accomplished, such as Russia, Korea, England,
Japan, Singapore or Hong Kong. Nevertheless, other not so well valued countries
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obtain high efficiency levels, proving the necessity to increase the use of inputs
to improve the academic performance, like in the case of Kuwait
Key words: Education, science, mathematics, TIMSS, efficiency, comparative
international
Resumen
La publicación del último informe de TIMSS (2017) pone de relieve la necesidad de seguir realizando estudios que valoren comparativamente los patrones
seguidos por distintos países, para introducir mejoras que supongan avances en
los sistemas de aprendizaje. Las políticas de educación necesitan datos para fundamentar sus posiciones ante cambios que faciliten el desarrollo profesional y
social de la población. El objetivo del artículo es realizar un estudio comparativo
de la eficiencia educativa de los países de dos continentes culturalmente muy
separados pero con calificaciones formativas, en ocasiones, muy cercanas. Primeramente, se obtienen los niveles de eficiencia en matemáticas y ciencias entre
solo países de Europa, y a continuación se amplia la muestra con países asiáticos
para comprobar cuáles de estos últimos destaca frente a los europeos. El análisis
empírico es realizado mediante la técnica Análisis Envolvente de Datos (DEA) a
partir de TIMSS correspondiente a 2015. Los resultados muestran unos niveles
de eficiencia bastante altos en la muestra de solo países europeos, por tanto,
con poco esfuerzo podrían alcanzar el nivel máximo. Destacan Inglaterra, Rusia
y Noruega como países completamente eficientes en ambas materias y grados
analizados. Al introducir en el análisis los países asiáticos aumenta la variabilidad
de la muestra y tan sólo Noruega e Inglaterra son capaces de competir y mantenerse en los niveles máximos de eficiencia junto con los asiáticos situados en
las primeras posiciones de TIMSS, como Singapur o Corea. Por tanto, en algunos
países se cumplen las coincidencias entre las valoraciones de TIMSS y el nivel de
eficiencia alcanzado, tal es el caso de Rusia, Corea, Inglaterra, Japón, Singapur
u Hong Kong. Sin embargo, otros países no tan bien valorados obtienen altos
niveles de eficiencia, demostrando la necesidad de aumentar la utilización de
inputs para mejora el rendimiento académico, como es el caso de Kuwait.
Palabras clave: Educación, ciencias, matemáticas, TIMSS, eficiencia, comparativa internacional

Problem statement
Political pressure to evaluate student performance has led to the emergence of education evaluation systems that periodically provide information about the international situation of learning processes. These allow
inter-country comparisons to be made and are used as a relative meas-
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ure of the current global quality of education. According to the OECD
(Organisation for Economic Cooperation and Development), educational
results depend on many more factors than simply the per capita income
of a country. As such, all nations could improve student performance
if they were to implement suitable policies. The foremost international
evaluation programmes are the PISA report (Programme for International Student Assessment) and TIMSS (Trends in International Mathematics
and Science Study). Both contain useful information for governments,
enabling them to evaluate the returns on investments in education.
PISA is a project that has been sponsored by the OECD since the end
of the 1990s. Its aim is to evaluate the skills acquired by 15-year-old students during their learning process, generating indicators that enable a
quantification of the degree of knowledge acquisition. The data provided
by TIMSS have been updated every four years since 1995, similarly facilitating international comparisons of education at regional or national
level. The TIMSS project evaluates student performance in mathematics
and science, quantifying the scope of learning in these two subjects,
as well as the context in which it occurs. It seeks to identify factors directly related to the study that can be influenced by education policies,
such as the curriculum, the allocation of resources or teaching practices
(Acevedo, 2005). Thus, both of these evaluation programmes assess core
competencies, like reading comprehension, mathematics and science,
presented in terms of a comparison of the average scores achieved by
countries; however, they apply different criteria, which means that they
may sometimes give rise to diverging conclusions about the same population ( Jornet and Backhoff, 2004).
The literature contains a number of national-level studies that use
TIMSS data to carry out comparative analyses of different geographical areas. Specifically, Cordero and Manchón (2014) identify the main
explanatory variables of the mathematics results achieved by Grade 4
Spanish students, using data from TIMSS 2011. They draw the following
conclusions: it is important to start primary school at a suitable age; reading books should be encouraged; and the more experience the teaching
staff have, the better the academic results. In the same line of research,
Santín and Sicilia (2014) apply DEA to analyse efficiency in primary education, showing that the centres evaluated could improve their results by
12% on average, given their current allocation of education resources.
Similarly, at an international level, Giménez et al. (2003) use information sourced from TIMSS 1999 to evaluate the efficiency and effective-
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ness of the education system in 31 countries, finding that Asian countries
are better at managing their education systems. Other developed nations
such as Austria and Canada are shown to be inefficient, and thus have
some potential to improve their results. A 2016 study by the same authors
uses data from TIMSS 2007 and 2011 to calculate the efficiency of the
education systems of 28 countries, through a dynamic approach. Overall,
they find a deterioration in the average performance of all the education
systems analysed, with only Italy and Singapore improving their results.
Within this line of research, the present paper sets out several aims.
First, it seeks to determine educational efficiency in mathematics and science in European countries, testing for significant differences between
the two subjects in Grades 4 and 8. Second, the sample is extended to
include countries from the Asian continent (Middle East and Asia) and
a similar analysis is carried out to establish whether Asian countries are
genuine rivals in the field of education, checking which of them compare
favourably to European countries. The study is based on data from 2015,
sourced from the TIMSS database published in 2017.
The rest of the article is structured as follows. Section 2 describes the
main features that differentiate the Asian and European education systems, which are the focus of this study. Section 3 presents the method
used to measure efficiency, as well as the sample and variables employed
in the empirical analysis. Section 4 explains the results obtained from a
separate analysis of European countries, while Section 5 presents the efficiency results for both European and Asian countries. Lastly, Section 6
provides a summary of the main conclusions.

Background Information: Description of the Asian and European
education systems according to TIMSS
The TIMSS assessments are coordinated by the International Association
for the Evaluation of Educational Achievement (IEA) and centre on
three clearly-defined areas of action: students’ learning objectives,
the organisational approach to education and the context in which it
occurs (Vázquez and Manassero, 2002). Information is collected through
background questionnaires in order to ensure the most comprehensive
assessment possible of the academic level achieved. Thus, the framework
taken as a benchmark comprises the following contexts: national and
community, school, classroom and characteristics, and students’ attitudes
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(Mullis et al., 2009). Education policymakers consequently have access
to valuable data revealing the extent to which students in each country
have acquired, in the first years of their primary education, a sufficient
grounding to be able to face future challenges.
The regular publication of this report has provided insights into trends
within the education systems of each geographical area, showing how
developing countries can hold positions above the TIMSS average (as
is the case with Kazakhstan). This can be explained by the fact that, in
general, school-based learning in emerging countries is primarily based
on the interpretation of knowledge, which is a key consideration in the
TIMSS assessments (Froemel, 2006).
Thus, for example, in the Asian region, the success of an education
system could be explained by three key factors: military discipline,
absolute respect for the teacher and the fact that students study up to
twelve hours a day. Pearson (2014)1 rates the South Korean education
system as the best in the world, with Japan in second place, followed
by Singapore and Hong Kong. As such, the four top-ranking countries
are Asian, where “effort” is rewarded above intelligence per se, and
clear educational goals are set with a strong culture of commitment and
responsibility. Moreover, Asian countries have occupied the top positions
ever since the TIMSS databases were first published.
The Korean education system is characterised by its excellence and
its commitment to very bright students, attempting to guide them so that
they reach their full potential. In this regard, García and Arechavaleta
(2011) argue that the high scores obtained by these students in a variety
of different international evaluations can chiefly be attributed to two
aspects that reflect the country’s Confucian heritage: the high social value
placed on education; and the structure, objectives and practices of Korean
families. Meanwhile, Singapore, has become one of the most advanced
and civilised societies on the planet. It has a very centralised educational
model, where teachers enjoy a great deal of prestige, students learn in
English as well as their native language in a completely practical and
logical way, with syllabuses focusing on the most useful knowledge.
Figure I shows the evolution of the top performing countries since
TIMSS first started publishing data. Singapore and Korea have alternated
 This report provides an interpretation of the status of education systems from an international
perspective.

(1)
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between first and second place, while Japan ceded its third-place position
to Hong Kong in 1999.

FIGURE I. Mathematics results for the main Asian countries (Grade 8)

Source: Own elaboration based on TIMSS data (several years)

As can be seen in Figure 1, although changes of up to 50 points have
been registered over this 20-year period, these countries’ scores have
never dropped below 570, a value representing excellence in academic
performance. At the other end of the spectrum, however, a number of other
Asian countries score below 400 points (Kuwait with 392 points, Jordan
with 386 and Saudi Arabia with 368). In these countries, educational
reform has become a key requirement to ensure the economic and social
development of the country. To that end, efforts should be focused on
developing new thinking skills and on respecting a diversity of beliefs
and ideas among citizens, in accordance with the legislation in force
and its principles. Education should be a tool used to counter the most
extreme influences pervasive in Muslim culture, and the renewal and
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modernisation of curriculums should be encouraged. Teaching materials
have a direct impact on students’ behaviour and daily lives (Al Fuzai,
2016).
In the case of Saudi Arabia, there has never been a separation between
education and the country’s Islamic roots. According to Saudi culture,
curriculums must be developed in line with the provisions of Sharia Law
and the Koran, and gender roles continue to deny women educational
opportunities (Hernández, 2016). This is a culture that requires the
incorporation of a more egalitarian educational system to ensure that the
upcoming generation is able to compete in today’s globalised structure.
With respect to Western culture, however, Europe is a long way off
even the lowest scores of the four top-ranking Asian countries. The
political system in place does not represent a differentiating factor in the
level achieved by European countries. Since 2007, the position held by
Russia has been notable, ranking above Hungary, England and Slovenia.
England is in third place; this is a country which encourages creativity,
self-reliance and interactivity and which devotes a substantial part of
its budget to education, allocating a total amount above the EU average
(Figure II).
FIGURE II. Mathematics results for the main European countries (Grade 8)

Source: Own elaboration based on TIMSS data (several years)
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The case of Germany is particular striking, as it is considered one of
the main economic drivers of the EU, yet in terms of education it ranks
far below the Asian countries. This certainly cannot be attributed to its
students being lazy or unwilling to learn; rather, the reasons must lie in
the intrinsic features of its education system (Bos and Schwippert, 2009).
Specifically, in Grade 4 mathematics, the country registered performance
levels of 525 in 2007 and 522 in 2015, well below either Russia or England.
Despite resistance to reforms due to its federal structure, the German
education system has undergone several different transformations since
the 2001 publication of the PISA results. Initially, all their efforts to
change were focused on the following areas: language skills, improving
the connection between the pre-school and primary stages of education,
support for special needs students, ensuring educational quality and
incentivising all-day schooling. Nevertheless, the results have not been
as expected, and education innovations are still being introduced and
applied to all the phases and stages of schooling, from pre-school all the
way through to teacher training.
Also at a European level, the countries that currently register the
worst results in mathematics are Norway (487), Italy (494), Malta (494)
and Sweden (501), all of which lie in the so-called “intermediate level”.
This level comprises the range between 475 and 550, and indicates that
students have learnt how to apply fundamental mathematical knowledge
in basic problems. According to the Spanish National Institute of Education
Assessment (INEE, 2016) Spain scored 505 points in mathematics; that
is, 5 points above the TIMSS average (500) but 14 points below the
European average (519).
Hence, the purpose of studies such as PISA, TIMSS, IALS (International
Assessment of Literacy Survey) or PIRLS (Progress in International
Reading Literacy Study) should be to facilitate international comparisons
of education systems and enable conclusions to be drawn that lead to
continuous improvement in learning processes. The information supplied
by these reports has helped redirect the focus from certain, a priori, key
questions relating to class sizes or the length of lessons, towards others
that have proven to be more relevant in inter-country comparative studies.
These critical issues include: the teaching approach, the effectiveness of
time spent in class, and how teachers respond to the size, homogeneity
or heterogeneity of class groups. The results should therefore form the
foundations of the educational planning process at national level.
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Methodology: variables and sample
The empirical analysis carried out enables the determination of the
efficiency levels of different countries’ education systems by means of
the non-parametric DEA technique. This is one of the most commonlyused procedures to evaluate efficiency in this field. The flexibility of
this method makes it suitable for assessing the complex production
environments of the education sector, facilitating the measurement of
the relative efficiency of homogeneous units. The presence of multiple
inputs and outputs further underline its suitability for this type of study.
The DEA method involves identifying the best observations by comparing
each unit against all possible linear combinations of the variables for
the rest of the sample. This enables the construction of an empirical
production frontier; the efficiency of each unit under analysis is then
measured as its distance from the frontier.
Following the pioneering work of Farrell (1957), the DEA model was
developed by Charnes, Cooper and Rhodes (1978), with the aim of finding
the optimum set of weights that maximise the relative efficiency (h0) of the
observation being evaluated. Efficiency is defined as the ratio of the weighted
sum of outputs to the weighted sum of inputs, subject to the restriction that no
other observation can have an efficiency score higher than one when using
the same weights. Specifically, the original linear programming problem with
constant returns to scale for inputs is as follows:

(1)

where:
xij: amount of input i (i=1,2, …, m) used by the jth observation
xi0: amount of input i used by the observation being evaluated
yrj: amount of output r (r= 1,2, …, s) produced by the jth observation
yr0: amount of output r produced by the observation being evaluated
ur: weights of the outputs r
vi: weights of the inputs i
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However, this paper applies a transformed model since the original
presents a number of limitations. First, the objective function is not
linear, which makes it more difficult to calculate the optimum. Second,
in this study, the dual problem corresponding to the linear model (1) is
solved, since the number of variables is thus greater than the number of
constraints. By implication, this entails the limitation of variables with
unknown weights.
When applying the DEA technique, the choice of orientation depends
on the ability of each observation to control the quantity of outputs/
inputs. Since countries’ public education systems have a priori established
inputs in the budgets, this study uses an output-oriented DEA model,
which seeks to maximise output with a given level of inputs.
The measurement of efficiency takes a value between 0 and 1, and can
be interpreted as follows:
■ 
If

h0=1, the observation (country) is efficient relative to other
countries and will therefore be located on the production frontier.
■ 
If h0<1, another observation (country) is more efficient than the one
under analysis.
However, the DEA technique is not without its limitations. It has been
said that it does not account for random error in the data (errors in the
database, or randomly caused ones): all deviations from the frontier are
assumed to be due to inefficiency. Furthermore, the results can be affected
by the presence of outliers, often caused by errors in the database, and
the fact that it is a non-parametric method makes it difficult to apply
statistical tests of hypotheses.
The application of this methodology initially requires the definition
of the production function which then enables the mathematical
programming model to be solved. Following Giménez et al. (2016), the
model specification was carried out using the following variables:
■ 
Output:

academic achievement, identified as mathematics and
science results provided by TIMSS, on a scale from 0 to 1000 points,
with an internationally standardised average of 500 points and a
standard deviation of 100 points.
■ 
Inputs: number of teaching hours in mathematics and science, and
the quality of teaching staff measured as the percentage of students
whose teachers feel “very well” prepared for teaching these subjects.
Given the characteristics of the empirical study, it was deemed
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appropriate to include a third input, the years of experience of
the teaching staff, which translate to the acquisition of skills and
abilities and, therefore, better student performance.
The cognitive skills testing carried out in TIMSS is evaluated by means
of plausible values methodology. This approach involves the use of all
available data, students’ responses to the items administered together with
all the background data, in order to directly estimate the characteristics
of student populations and subpopulations. The usual plausible values
approach consists of generating multiple imputed scores, called plausible
values, based on the estimated ability distributions. These are then
employed for analyses and reports, using standard statistical software. By
including all available background data in the model, a process known
as “conditioning”, the relationships between these background variables
and the estimated proficiencies are suitably accounted for in the plausible
values.
Therefore, analyses carried out using plausible values provide an
accurate representation of these underlying relationships and ensure
accurate estimates of the proficiency distributions for all TIMSS populations
as a whole and, in particular, for comparisons between subpopulations.
An additional advantage of this method is that the variation between the
five plausible values generated for each student reflects the uncertainty
associated with proficiency estimates for individual students. However,
retaining this component of uncertainty requires the use of additional
analytical procedures to estimate students’ proficiencies (Martin et al.,
2016).
The production function defined above is first applied to a sample
of 25 European countries2 for Grade 4 mathematics and science3, with
the sample being reduced to 11 European countries for Grade 8 science
and 10 countries for Grade 8 mathematics. Next, 16 Asian countries4
are incorporated for Grade 4 and 17 for Grade 8. Table I below shows
the main statistics for the variables used in the analysis of European
countries.
 European Countries: Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic, Denmark, England,
Finland, France, Germany, Hungary, Ireland, Italy, Lithuania, the Netherlands, Norway, Poland,
Portugal, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden and Turkey.
(3)
 The sample selection is dependent on the information provided by TIMSS.
(4)
 Asian Countries: Bahrain, China (Taipei), Georgia, Hong Kong, Indonesia, Iran, Japan, Jordan,
Kazakhstan, Korea, Kuwait, Oman, Qatar, Saudi Arabia, Singapore and the United Arab Emirates.
(2)
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TABLE I. Main statistics on output and inputs from European countries (Grade 4 and 8)
Mathematics
25 European
countries
(Grade 4)
L

H

Science

10 European
countries
(Grade 8)

S

E

S

E

Mean

525 148

48

20 506 141

46

15 526

Max

564 275

66

28 538 194

Min

483 105

30

Error
Standard

19

10

43

L

H

S

E

S

E

47

19 519 132 49

14

66

25 567 124 66

27 551 243 75

23

11 458 113

29

9

481

32

28

10 481 87

27

8

4

13

4

21

22

10

5

16

4

23

L

11 European
countries
(Grade 8)

70

22

H

25 European
countries
(Grade 4)
L

22

H

48

Note: (L): Academic Achievement; (H): Hours Taught; (S): Teacher Quality; (E): Teacher Experience Years
Source: Own elaboration

In these four samples, differences are observed between grades and
subjects taught. Thus, while in Grade 4 student success (L) in mathematics
is similar to that in science, the number of teaching hours in science is
less than half that dedicated to mathematics, with the teaching quality and
years of experience slightly lower in science. Very different performance
can be seen as students progress through the grades. In Grade 8, academic
achievement (L) in science is higher than in mathematics, with fewer
hours taught, better quality teaching staff and similar teacher experience.
In short, it can be seen that in Europe, during students’ early education,
more time is spent on fundamental mathematical tasks, to the detriment
of other more specific subjects such as science; nevertheless, this is not
reflected in better results in this subject.
The production function is then also applied to another four samples
comprising both Asian and European students. Table II below shows the
main statistical results:
The introduction of Asian countries into the analysis slightly changes
the characteristics of the samples used. Particularly noteworthy is the
fact that in Grade 4 fewer hours are taught in science but the academic
results produced are of the same order of magnitude; in Grade 8, on the
other hand, with the same number of average teaching hours in both
subjects, student performance in science is slightly better. Additionally,
the inclusion of Asian countries has increased the variability in academic
achievement and teaching hours, while student satisfaction and years of
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experience remain similar. This is due to the fact that among the Asian
countries, some are very advanced while others require drastic changes
to improve their scores (standard deviations for L of around 20 when
focusing only on European countries and around 60 for European and
Asian countries together).

TABLE II. Main statistics on output and inputs from European and Asian countries
(Grade 4 and 8)
Mathematics

Science

25 European and 10 European and 25 European and 11 European and
16 Asian countries 17 Asian countries 16 Asian countries 17 Asian countries
(Grade 4)
(Grade 8)
(Grade 4)
(Grade 8)
S

E

S

E

H

S

E

S

E

Mean

510 147

L

H

52

17 492 137

47

16 507

78

51

17 500 137 46

15

Max

618 275

83

28 621 194

66

27 590 125

83

27 597 243 75

24

Min

353 100

23

9

368

99

26

9

337

32

27

8

396

71

19

8

Error
Standard

63

13

5

68

22

12

5

56

24

13

5

52

51

14

5

37

L

H

L

L

H

Note: (L): Academic Achievement; (H): Hours Taught; (S): Teacher Quality; (E): Teacher Experience Years
Source: Own elaboration

These 8 samples, corresponding to Grades 4 and 8, will be used to
quantify the efficiency of the education system. The results will enable a
comparative analysis to be carried out and valid conclusions to be drawn
regarding future education policies.

Results and discussion of European educational efficiency in
mathematics and science
The efficiency analysis was first carried out for a sample of European
countries, with Grade 4 and Grade 8 students of mathematics and science.
The results obtained by applying the DEAP program5 appear in Appendix
(5)
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1 (Tables A1, A2, A3 and A4), while Table III contains a summary of the
main characteristics of the four estimations. It should be borne in mind
that the samples used are not identical; due to a lack of information, the
sample for Grade 8 was reduced from 25 countries to 10 for mathematics
and to 11 for science. As a result, the comparison between the two levels
could be affected.
TABLE III. Efficiency results according to subject matter between European countries
(Grade 4 and 8)
Grade 4
Average efficiency
Maximum Efficiency

Grade 8

Mathematics

Science

Mathematics

Science

0.96

0.95

0.975

0.954

1

1

1

1

Minimal Efficiency

0.875

0.872

0.913

0.873

% Efficient countries

32%

32%

50%

36,4%

Source: Own elaboration

The first notable finding is the lack of significant differences between
the subjects analysed, despite the disparities in terms of teaching load.
The average level of efficiency achieved in both years is very high,
attesting to European efficiency in teaching mathematics and science,
with an average value above 0.95. Furthermore, 32% of the countries
analysed are fully efficient in Grade 4 in both subjects, while in Grade
8, 50% of the countries are fully efficient in mathematics and more than
36% in science. In all cases, the minimum efficiency is above 0.87; in
other words, with a little effort, European countries would be able to
reach maximum levels of efficiency (given the available inputs, they have
the scope to improve their output by at least 13%).
The results demonstrate that, at a European level, the education system
for students aged between 10 and 14 is adequate. With the available
resources, these countries can reach almost the highest possible level of
academic achievement. In short, they can be considered a good model to
follow for other geographical areas that are culturally and economically
similar.
Figure III shows the countries that have been fully efficient in each of
the levels analysed.
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FIGURE III. European countries fully efficient according to subject matter

Source: Own elaboration

In Grade 4, it is noteworthy that the level of efficiency achieved in
mathematics does not always go hand in hand with performance, in other
words, with the scores awarded by TIMSS. Such is the case with France,
Bulgaria and Sweden: ranking below the European average according
to the latest TIMSS report, their efficient use of inputs enables them
to obtain the highest possible academic achievement. Their education
systems have proven to be fully efficient. In the case of science, on the
other hand, there is a certain overlap between the efficiency attained and
the scores awarded in the TIMSS valuation. Russia, for example, achieves
the maximum score and is fully efficient in both subjects using fewer
inputs than other countries (for example, 49 classroom hours compared
to other countries with up to 124).
In Grade 8, the sample is reduced to 10 countries, and although the
results are not fully comparable with the lower grade, England and Russia
can be seen to hold their positions in the list of efficient countries for both
subjects. Just as in Grade 4, Hungary and Turkey do not occupy the top
positions in the TIMSS ranking but they have been able to manage their
inputs very efficiently, obtaining the maximum academic achievement
possible.
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Results and discussion of European and Asian educational efficiency
in mathematics and science
The Asian countries are then incorporated into the sample of European
countries in order to calculate the efficiency and evaluate the performance
of the top-rated countries in TIMSS in terms of efficiency, revealing any
divergences between them. The aim is to show the distance in 2015
in terms of efficiency between those countries that have historically
occupied the top spots in the TIMSS ranking and the European countries.
The application of the DEA method has yielded the following results
for the two grades analysed (Table IV and Tables A5, A6, A7 and A8 in
Appendix 2). Once again, the results are not comparable because the
information available means that it is not possible to evaluate the same
countries in Grades 4 and 8.

TABLE IV. Efficiency results according to European and Asian subjects (Grade 4 and 8)
Grade 4
Mathematics

Grade 8
Science

Mathematics

Science

0.888

0.910

0.882

0.896

1

1

1

1

Minimal Efficiency

0.647

0.667

0.611

0.708

% Efficient countries

22%

25%

30%

25%

0.880

0.924

0.897

0.909

1

1

1

1

Minimal Efficiency

0.791

0.819

0.797

0.806

% Efficient countries

12%

20%

36.3%

25%

0.899

0.886

0.871

0.885

1

1

1

1

Minimal Efficiency

0.647

0.667

0.611

0.708

% Efficient countries

37.5%

33.33%

29.41%

25%

European and Asian countries
Average efficiency
Maximum Efficiency

European countries
Average efficiency
Maximum Efficiency

Asian countries
Average efficiency
Maximum Efficiency

Source: Own elaboration
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A joint evaluation of the efficiency of Asian and European countries
yields worse results, with average efficiency falling by about 10% overall
and the minimum by more than 30% compared to the evaluation of
European efficiency only. It should be borne in mind that this sample
also includes certain Asian countries whose education systems are a long
way off the global one analysed. The percentage of fully-efficient Asian
countries in Grade 4 is higher than in Europe, and similar in Grade 8. The
countries in this continent with advanced education systems (Singapore,
Japan and Korea) outscore the old continent. Certain Asian cultures
have shown a commitment to differentiated learning, rewarding effort
and dedication by both parties (students and teachers). Nevertheless,
the minimum efficiency is below that of Europe due to the inclusion of
countries that are relatively culturally restrictive, such as Saudi Arabia,
Iran and Indonesia.

FIGURE IV. Fully efficient European and Asian countries

Source: Own elaboration

Figure IV shows how the inclusion of the Asian countries has relegated
European countries –such as Poland, Sweden and Finland in Grade 4, and
Russia and Hungary in Grade 8– from the maximum levels of efficiency.
This coincides with the results of the 2015 TIMSS, where the enormous
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power of the Asians and their effective management in education position
them ahead of many countries from the old continent. The education
systems of England and Singapore, in addition to being very highly rated
in the latest TIMSS report, have been able to manage their inputs in such
a way as to reach the highest levels of achievement possible. These two
countries –one European, the other Asian– boast education systems that
represent a model to follow in the development of other geographic
areas that need to make improvements in their learning processes.

Conclusion
The evaluation of education systems should assist countries in sound
decision-making when setting educational policy. This article is focused on
measuring the efficiency of European and Asian countries in mathematics
and science in 2015, in order to detect similarities and differences that
could inform potential education system reforms.
The TIMSS database has provided sufficient information on the
countries under analysis, enabling the construction of a production
function with an output consisting of student performance, and three
inputs (teaching hours, teachers’ years of experience and percentage of
students whose teachers feel satisfied with their teaching). Furthermore,
DEA methodology was considered the best approach for this type of
static analysis.
While it is very interesting to compare countries that differ as notably
as European and Asian ones, it is important to bear in mind that student
performance is the result of a multiplicity of factors related to the school
environment as well as the national and local education policies in place.
It is also affected by the social, cultural, political and economic conditions
that contextualise the comprehensive development of students and their
families. Accordingly, all comparisons have their limitations and will not
always be relevant. TIMSS has made major strides in addressing some of
these defects but it has not been able to eliminate them entirely, since it
is still a common assessment approach applied to very distinct countries.
At European level, average efficiency levels are over 0.95; in other
words, with a little effort, maximum levels could be achieved. It has
been shown that the socio-political systems of European countries do
not affect the results; England, Russia and Norway all stand out as fully
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efficient countries in both subjects and grades analysed. Furthermore,
it can be seen that very efficient countries such as France and Norway
do not hold high positions in the TIMSS ranking (they lie below the
average score of 500 in Grade 4 science). Education policies should be
aimed at increasing the inputs used, since even if these are adequate
with respect to the performance level attained, insufficient inputs prevent
countries from improving their TIMSS ranking. Thus, the results reveal
that improvements to learning procedures sometimes occur through an
increase in public spending on education. The system requires more
resources as those currently available are insufficient to ensure optimal
academic performance.
The inclusion of Asian countries in the analysis greatly increases the
variability of the sample, with only Norway and England managing to
compete with the top-rated Asian countries in TIMSS such as Singapore
or Korea, and maintain maximum efficiency levels. In addition, Kuwait
should adopt education policies aimed at boosting the number of
teaching hours, the quality of teaching and teachers’ years of experience,
since despite being fully efficient, its academic performance falls short of
the world average and it is the country with the lowest Grade 4 science
scores.
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Annex 1
TABLE A1. Efficiency results of European countries. Science Grade 4
Countries

Efficiency

Belgium

0.921

Bulgaria

0.976

Croatia

0.942

Cyprus

0.895

Czech Rep

1

Demark

0.999

England

1

Finland

1

France

1

Germany

0.947

Hungary

0.963

Ireland

1

Italy

0.916

Lithuania

0.931

Netherland

0.931

Norway

0.992

Poland

1

Portugal

0.903

Russia

1

Serbia

0.938

Slovakia

0.923

Slovenia

0.96

Spain

0.925

Sweden

1

Turkey

0.872

Source: Own elaboration
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TABLE A2. Efficiency results of European countries. Science Grade 8
Countries

Efficiency

England

1

Hungary

0.965

Ireland

0.962

Italy

0.906

Lithuania

0.942

Malta

0.873

Norway

1

Russia

1

Slovenia

1

Sweden

0.947

Turkey

0.895

Source: Own elaboration

TABLE A3. Efficiency results of European countries. Mathematics Grade 4

64

Countries

Efficiency

Belgium

0.984

Bulgaria

1

Croatia

0.892

Cyprus

0.947

Czech Rep

0.979

Denmark

1

England

1

Finland

0.976

France

1

Germany

0.947

Hungary

0.956

Ireland

0.997

Italy

0.919

Lithuania

0.949
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Netherland

0.958

Norway

1

Poland

1

Portugal

0.966

Russia

1

Serbia

0.929

Slovakia

0.894

Slovenia

0.924

Spain

0.904

Sweden

1

Turkey

0.875

Source: Own elaboration

TABLE A4. Efficiency results of European countries. Mathematics Grade 8
Countries

Efficiency

England

1

Hungary

1

Ireland

0.997

Italy

0.923

Lithuania

0.97

Norway

0.913

Russia

1

Slovenia

1

Sweden

0.946

Turkey

1

Source: Own elaboration
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Annex 2
TABLE A5. Efficiency results from European and Asian countries. Science Grade 4

66

Countries

Efficiency

Bahrein

0.856

Belgium

0.879

Bulgaria

0.976

China

0.941

Croatia

0.904

Cyprus

0.884

Czech Rep

1

Denmark

0.898

England

1

Finland

0.940

France

1

Georgia

0.765

Germany

0.919

Hong Kong

0.953

Hungary

0.941

Indonesia

0.673

Iran

0.714

Ireland

1

Italy

0.88

Japan

1

Kazakhstan

0.959

Korea

1

Kuwait

1

Lithuania

0.926

Netherland

0.876

Norway

0.906

Oman

0.956

Poland

0.978
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Portugal

0.861

Qatar

0.813

Russia

1

Saudi Arabia

0.667

Serbia

0.893

Singapore

1

Slovakia

0.916

Slovenia

0.92

Spain

0.878

Sweden

0.921

Turkey

0.819

Emirates

1

Source: Own elaboration

TABLE A6. Efficiency results from European and Asian countries. Science Grade 8
Countries

Efficiency

Bahrein

0.809

China

0.997

England

1

Georgia

0.751

Hong Kong

0.976

Hungary

0.955

Iran

0.783

Ireland

0.894

Italy

0.836

Japan

1

Jordan

1

Kazakhstan

0.948

Korea

0.938

Kuwait

0.727

Lithuania

0.904

Malaysia

0.871
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Malta

0.806

Norway

1

Oman

1

Qatar

0.825

Russia

0.947

Saudi Arab

0.708

Singapore

1

Slovenia

1

Sweden

0.882

Thailand

0.834

Turkey

0.863

Emirates

0.824

Source: Own elaboration

TABLE A7. Efficiency results from European and Asian countries. Mathematics Grade 4

68

Countries

Efficiency

Bahrein

0.955

Belgium

0.883

Bulgaria

0.896

China

0.977

Croatia

0.822

Cyprus

0.85

Czech Rep

0.907

Denmark

0.891

England

0.926

Finland

0.892

France

0.803

Georgia

0.756

Germany

0.851

Hong Kong

1

Hungary

0.87
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Indonesia

0.647

Iran

0.707

Ireland

0.89

Italy

0.82

Japan

1

Jordan

1

Kazakhstan

0.889

Korea

1

Kuwait

1

Lithuania

0.88

Netherland

0.869

Norway

1

Oman

0.952

Poland

1

Portugal

0.875

Qatar

0.904

Russia

0.959

Saudi Arab

0.656

Serbia

0.843

Singapore

1

Slovakia

0.815

Slovenia

0.848

Spain

0.821

Sweden

1

Turkey

0.791

Emirates

0.943

Source: Own elaboration
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TABLE A8. Efficiency results from European and Asian countries. Mathematics Grade 8
Countries

Efficiency

Saudi Arab

0.611

Jordan

1

Kuwait

0.794

Oman

0.868

Thailand

1

Iran

0.721

Qatar

0.704

Georgia

0.801

Bahrein

0.732

Turkey

1

Malaysia

0.889

Emirates

0.749

Norway

0.805

Italy

0.797

Malta

0.878

Sweden

0.818

Lithuania

0.823

Hungary

1

Slovenia

1

England

1

Ireland

0.876

Kazakhstan

0.987

Russia

0.88

Japan

0.981

Hong Kong

1

China

0.978

Korea

1

Singapore

1

Source: Own elaboration

70

Revista de Educación, 380. April-Jun 2018, pp. 42-70
Received: 25-04-2017 Accepted: 22-12-2017

PISA 2015: Predictors of Science Performance in Spain
PISA 2015: Predictores del rendimiento en Ciencias
en España
DOI: 10.4438/1988-592X-RE-2017-380-373

Jesús Miguel Rodríguez-Mantilla
Mª José Fernández-Díaz
Gonzalo Jover Olmeda
Universidad Complutense de Madrid

Abstract
Given the increasing expansion and use of the results of PISA studies on
the evaluation of the scientific, mathematical and linguistic competences of
the students, this paper aims to analyse the effect of a set of predictors of
performance in Science in Spanish students participating in PISA 2015. For the
study, a sample of 32,330 15-year-olds from 17 Autonomous Communities has
been taken and hierarchical-linear models have been used that allow the analysis
of the possible effect of the different predictors contemplating the nesting of the
data at different levels (Students, School Centre and Autonomous Community).
64 predictors were selected as independent variables, some of them included in
the questionnaires of PISA 2015 students and centres and the database provided
by the Ministry of Education, Culture and Sport (2016a), 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 Autonomous Community, among others. In addition, variables considered
as “classic” were included in this type of studies (gender, academic level of the
parents, ownership and size of the centre, economic investment by Autonomous
Community, etc.). Among the main results we found that 27 variables (24 of
Student and 3 of Centre and none of Autonomous Community) were significant
predictors of Science performance, analysing the explained variance. The paper
concludes with the discussion based on other coincident studies or with contrary
results on the variables that have been significant and not significant in the
proposed model.
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Keywords: PISA, Compulsory Education, Predictive study, Competency in
Science, Hierarchical-Linear Models.
Resumen
Dada la creciente expansión y uso de los resultados de los estudios de PISA
sobre la evaluación de los alumnos en sus competencias científicas, matemáticas
y lingüísticas, el presente trabajo tiene como objetivo analizar el efecto de un
conjunto de predictores del rendimiento en Ciencias en los alumnos españoles
participantes en PISA 2015. Para el estudio se ha tomado una muestra de 32.330
alumnos de 15 años de 17 Comunidades Autónomas y se han utilizado modelos
jerárquico-lineales que permiten el análisis del posible efecto de los distintos
predictores, contemplando el anidamiento de los datos en distintos niveles
(Alumnos, Centro y Comunidad Autónoma). Como variables independientes se
han seleccionado 64 predictores, algunos de ellos incluidos en los cuestionarios
de alumnos y de centros de PISA 2015 y de la base de datos facilitada por el
Ministerio de Educación, Cultura y Deporte (2016a), como ansiedad del alumno,
relación profesor-alumno, hábitos deportivos, interés hacia la ciencia, recursos
de los centros, porcentaje de alumnos extranjeros y cantidad de alumnos por
profesor en cada Comunidad Autónoma, entre otros. Además, se incluyeron
variables consideradas como “clásicas” en este tipo de estudios (sexo, nivel
académico de los padres, titularidad y tamaño del centro, inversión económica
por Comunidad Autónoma, etc.). Entre los principales resultados encontramos
que 27 variables (24 de Alumno y 3 de Centro y ninguna de Comunidad Autónoma)
resultaron predictores significativos del rendimiento en Ciencias, analizando la
varianza explicada. El trabajo concluye con la discusión fundamentada en otros
estudios coincidentes o con resultados contrarios sobre las variables que han
resultado significativas y no significativas en el modelo propuesto.
Palabras clave: PISA, Educación Obligatoria, Estudio Predictivo, Competencia
en Ciencias, Modelos Jerárquico-Lineales.

Introduction
The concern for quality is an increasingly evident fact in the world
of education, both at national and international levels. In the last few
decades, assessment in the field of education has been a priority for all
education authorities around the world, and it has become a useful tool
to guide education policy, a mechanism for accountability and a means
to advance in the search for academic excellence.
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PISA (Programme for International Student Assessment) is an OECD
(Organization for Economic Cooperation and Development) study
conducted every three years which evaluates what 15-year-old students
can do with what they have learnt, weighing their choices and making
decisions, in the areas of Reading, Mathematics and Science, as well as
an innovation area (the 2015 edition assessed the skill Collaborative
Problem Solving). Likewise, each edition examines an area of knowledge
in detail, and in 2015 it was Science (OECD, 2016).
The spread and impact of this assessment has been such that several
countries have carried out education reforms based on their results in
the PISA tests (Pongratz, 2013). Over 500,000 students from more than
70 countries participated in PISA 2015, with Singapore (556), Japan
(538), Estonia (534) and Finland (531) getting the best results in Science.
Spain obtained a medium score in Science of 493, the same as the OECD
average (493) and 2 points below the European Union average (495).
By Spanish Autonomous Community, Castilla y León (519), Community
of Madrid (516), Navarre (512) and Galicia (512) had the highest scores
in Science. The Canary Islands (475), Extremadura (474) and Andalusia
(473) obtained the lowest scores (Ministry of Education, Culture and
Sports, 2016b) (Table I).
The existence of these differences between the various Autonomous
Communities is nothing new in the 2015 edition, and it has motivated
numerous studies since Spain participated in the first edition of 2000,
applying diverse statistical techniques for analysis, including different
variables in the studies (Villar, 2013; Wheater, 2013; Stacey, 2015). Yet
we must not only consider and analyse the differences between the
Autonomous Communities. We should bear in mind that students, the
ultimate unit in the study, are embedded or clustered in schools which, in
turn, are clustered in Autonomous Communities. Given the hierarchical
structure of the data, one of the most appropriate techniques for this type
of studies is the one applied here, hierarchical-linear modelling.
This type of assessments (such as PISA, TIMSS- Trends in International
Mathematics and Science Study-, and PIRLS -Progress in International
Reading Literacy Study-, etc.) have both defenders and detractors. Some
people justify the usefulness of these studies given the motivation
generated by the ensuing comparisons (necessary to assess one’s own
situation) or because they allow conducting studies that go beyond the
more limited and less representative local scope (Ministry of Education,
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Culture and Sports, 2016b; Fernández-Díaz, Rodríguez-Mantilla, &
Martínez-Zarzuelo, 2016). Others consider that these assessments and,
in particular PISA, have no value to guide teachers or improve schools
(Carabaña, 2017). The intention, therefore, is to give them their fair due,
without either denying their usefulness or trying to turn them into a
means to eclipse the political debate on education ( Jover, Prats &
Villamor, 2017). The objective of this paper was not to delve into these
arguments, but rather to try to analyse the effect which several predictors
(Student, School and Autonomous Community variables) have on Science
performance.

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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Based on the data provided by the Ministry of Education, Culture
and Sports (2016a) and the questionnaires administered to students and
school headmasters in PISA 2015, the aim was to study the possible effect
on Science performance of Autonomous Community characteristics (GDP
per capita, public expenditure on education, etc.), school characteristics
(ownership, location, number of students and teachers, etc.) and personal
and family Student features (sex, parents’ level of education, absenteeism,
etc.). These are all “classic” variables included in the majority of multilevel
education studies. However, this paper paid special attention to other
Student, School and Autonomous Community variables.
Among the Student variables, we wanted to include student
anxiety about assessments as a predictor, understood as the concern
about delivering a lower performance than expected and the possible
consequences thereof. According to Furlan (2013), anxiety can lead
students to reach negative conclusions regarding their failure, which
could lower their self-esteem, generate feelings of incompetence, and
lead them to drop out of school. As a result, the student’s motivation
towards achievement may disappear, which could cause dissatisfaction
with life or frustration (Lens, Matos, & Vansteenkiste, 2008).
An element related to motivation is student interest. Many studies have
shown the relationship between school performance and interest in the
subject, stating that interest is the true driver that generates the necessary
engagement to achieve adequate performance (National Institute for
Education Evaluation, 2013; Klug, Krause, Schober, Finsterwald, & Spiel,
2014).
Another interesting variable is sports and healthy habits. Since there
are so many studies evidencing the effect which sports have on student
cognitive and academic development (Rodríguez, Delgado, & Bakieva,
2011; González & Portolés, 2014; Ruiz-Ariza, Ruiz, de la Torre-Cruz,
Latorre-Román, & Martínez-López, 2016), it was deemed appropriate to
include it in the study.
Regarding science lessons and teacher-student relationships, Rodríguez
Mantilla and Fernández Díaz (2015) pointed out the importance of paying
attention to elements such as classroom climate, the way teachers treat
students or the clarity of their presentations, among others, so that the
learning process is successful. That is, aside from correct teaching practices
by teachers, it is necessary to take care of the affective environment in
the classroom.
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In relation to the School variables, we paid attention, first, to the
amount of resources and equipment as possible predictors, since not
all specialised literature agrees on the effect which these variables have
on academic performance (Cordero, Manchón, & Simancas, 2012; Flores,
2014; Mediavilla & Escardíbul, 2015; Fernández-Cruz, 2016). Second,
having underscored the importance for learning of certain features such
as motivation and interest, we deemed it necessary to include variables
in the study related to activities organised by the school (competitions
and sports, music and science activities, etc.) as elements that could be
beneficial (Lieury & Fenouillet, 2016).
Among the Autonomous Community variables, aside from the financial
ones listed above, we aimed to study the possible effect of the percentage
of students lagging behind in primary education, of foreign students or
the average number of students per teacher.
Therefore, the general objective of this paper was to analyse the
simultaneous effect of a set of predictors on Science performance of the
Spanish students who participated in PISA 2015, for each data aggregation
level (Level 1: Student, Level 2: School, and Level 3: Autonomous
Community), by using hierarchical-linear modelling.

Method
Design and Methodology
This paper’s research methodology is quantitative, with a nonexperimental design, along the lines of ex-post-facto studies.

Sample
For this study we used the databases provided by the OECD on the
PISA 2015 assessment, taking only data from Spain. The total sample
was made up of 32,330 students, in 976 schools of the 17 Autonomous
Communities (Table II), of which 50.4% were male and 49.6% female.
66.2% of the participating schools were public, 28.4% private with state
subsidies, and 5.4% 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
The dependent variable we used was scientific literacy, an area examined
in greater detail in the 2015 edition of PISA, understood as the ability to
explain phenomena scientifically; evaluate and design scientific enquiry;
and interpret data and evidence scientifically (OECD, 2016).
The data of the dependent variable were scaled with the Rasch model
and expressed by assigning ten plausible values (OECD, 2016), shown on
a continuous scale where the OECD country average equalled 500 points
and standard deviation was 100 points (Ministry of Education, Culture
and Sports, 2016b).
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Regarding independent variables, for Level 1: Student, we used as
predictors 35 of the items comprising the questionnaire administered to
the PISA 2015 students, whose dimensions and evaluated features are
shown in Table III. The values of each variable were recoded for their
proper inclusion in the model.

TABLE III. Variables of Level 1: Student
Dimension Item
1

-

Name
Sex

Recoded values
0=Male

1=-Female

0=Primary Education

Personal,
school
and family
characteristics

2+

Education level completed by your mother

3+

Education level completed by your father

4-

Number of school changes

1= Lower Secondary
Education
2=Intermediate level VET
3=Upper Secondary Education
0=No change
1=1 Change
2=2 or more

In the last two weeks, school absences

6

A room of your own

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
2=2

11

Books

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

+

In your home,
there is:

Anxiety and
Achievement

121314+

78

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

5-

0=No
1=Yes
1=1
3=3 or more

Even when I am well prepared for an exam, I feel
0=Totally disagree
very nervous
1=Disagree
I feel very tense when I study for an exam
2=Agree
3=Totally agree
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

16-

Teachers have punished me more harshly than
others

17

0=Never/almost never
1=A few times a year
2=A few times a month
Teachers have made fun of me in front of others 3=Once a week or more

18-

Teachers have insulted me in front of others

19

How many days a week do you go to physical
education classes?

20

After school I do exercise

21

Before school I do exercise

22+

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

23

In the last week, outside school, I have done
intense physical activities

24+

I have breakfast before going to school

25+

Number of lessons per week

26

Additional hours per week

27-

It is noisy and disorderly

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

-

Sports practice

Science
Lessons

Interest in
science and
technology

0=No
1=Yes

0-7 (days)
0=No

1=Yes

Sample mean-centred

31

We do research to prove certain concepts

32+

I watch science programmes on television

33

I visit science websites

34+

I read science journals or articles

35+

I like to use digital devices

+

0-7 (days)

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

0=Never/almost never
1=Sometimes
2=Regularly
3=Very often

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

For Level 2: School, we took 21 of the items comprising the questionnaire
administered in PISA 2015 to headmasters. The dimensions, evaluated
aspects and recoded values are shown in Table IV.
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TABLE IV. Variables of Level 2: School
Dimension Item

Name

Recoded values

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)

38

Total number of students

39

Number of boys

40

Number of girls

41

Number of full-time teachers

42

Number of part-time teachers

43

Total number of digital whiteboards

44

Total number of projectors

45

Number of computers with Internet
for teachers

46

Musical band, orchestra or choir

47

Computing/Technology

48

Sports

49

Science Competitions

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

56

External evaluations are conducted

36Ownership
and location

Number of
Students
Number of
teachers

ICT resources

Activities
offered

+

Science
Classes

Sample mean-centred

0=No
1=Yes

0=No
1=Yes, on our own initiative
2=Yes, on a mandatory basis

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

80

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

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: Predictors of Science Performance in Spain

For Level 3: Autonomous Community, we took the 8 variables (Table
V) (data provided by the Ministry of Education, Culture and Sports,
2016a). In order to facilitate interpretation of results, these variables were
sample mean-centred.

TABLE V. Variables of Level 3: Autonomous Community
Dimension
Economic
Proportion of public
schools

Students

Item

Name

57

GDP per capita (euro)

58

Public expenditure per public and subsidised student (euro)

59

Public expenditure per public student (euro)

60

% of public schools

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
To achieve the study objective set, we used hierarchical-linear modelling
as this allows collecting the embedded data structure at various levels
(in this case: Student, School and Autonomous Community). The use
of this methodology helps distinguish more precisely the effects due to
each one of the levels above. To analyse the data, we used the software
MLwin 2.36.

Results
Below is part of the modelling process for the multilevel analysis: the
null model and the definite model, upon which the final interpretation
was based.
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Estimate of null model
The null model (Table VI) helps evaluate appropriateness of using
multilevel models. The fixed parameter indicates the intercept value (mean
performance in Science for all the subjects in the sample = 489,967).

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

The random part of the model showed variances in the residuals at
the three levels. The parameters obtained were statistically significant
in the different levels considered1, and therefore Students differed in
Science performance (6,225.496/45.068 > 1.96). Schools and Autonomous
Communities also differed in their mean performance (590,640/35,754
and 154,936/56,966, respectively, are higher than 1.96). The significance
of these parameters indicates there is unexplained variance in the three
levels, which justified continuing expansion of the model to explain the
 In accordance with Gaviria and Castro (2004), the criterion we followed to decide whether a
parameter was significant or not (for alpha=0.05) was if the quotient between the parameter
estimate and its standard error was higher than 1.96

(1)
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greatest amount of variance possible. Therefore, we included first, second
and third level predictors in the fixed and random parts of the model.
The Likelihood Ratio had a value of 453,611.400 for a model with 4
parameters, a value to be compared with the one obtained in the definite
model, which allows evaluating the adjustment of the final model.

Expanded model
First, we entered the first level variables (included in Table III) in the fixed
and the random parts of the model, discarding any with no significant
parameters. The procedure was repeated for the second and third level
variables (included in Tables IV and V). 24 first level variables, 3 second
level ones and none in the third level, showed significant parameters (see
Table VII).

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

Considering the fixed part of the model, average performance
in Science has dropped to 446.326. This value refers to the average
estimated performance of male students whose parents completed
Primary Education, without changing school throughout their school life,
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without having been absent from school in the last two weeks, without a
computer at home, without Internet connection and without a television
set at home. Likewise, this average corresponds to students who do not
feel nervous or tense when studying for an exam, who want to be one
of the best in class, who do not suffer any contempt, harsh punishments
or insults from their teachers; who have breakfast and practice sports
moderately before going to school; with a number of Science lessons per
week equal to the sample average (3), who belong to classes which
are orderly but where teachers do not explain clearly the importance
of scientific concepts applied to everyday life; these are students who
show no interest in science and technology, and who belong to private
schools where there are no science competitions nor enough laboratory
equipment.
In the random part of the model, there is still unexplained variance
in Science performance and at the three levels. Nonetheless, the random
parameter values have been reduced compared to the initial values of the
null model. This aspect is analysed below.
The results showed the significance of some of the predictors. In the
variables related to Personal, family, school and home characteristics, the
Science performance average was 12.104 points less for girls. For every
higher level of education completed by the mother or the father, the
student’s average performance increased 6.66 points in both cases, and
for every change of school and absence from class the average in Science
fell 16.20 and 12.24 points, respectively. Students who had a computer at
home with which to study, increased their average by 13.19 points, and if
they had Internet, 12.27 points more. While the number of books present
in the household showed no significant value in the model, students with
a television set at home diminished their average by 4.18 points (and
double in the case of students with 2 television sets and triple for those
with 3 or more).
Regarding Anxiety and Achievement, for every degree of increase in
the student’s level of tension when studying and level of nervousness
before an exam, average performance dropped 7.19 and 7.95 points,
respectively. However, for every degree of increase in the student’s wish
to be one of the best students in the class, the average rose 12.08 points.
In the case of Teacher-student relationship, the predictors which
were most significant have all shown a negative effect. Thus, average
Science performance fell 4.31 points for every degree of increase in

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

85

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: Predictors of Science Performance in Spain

the students’ perception of having their intelligence underestimated by
teachers; it went down 4.60 points for every level of increase in the
students’ perception of being punished more harshly than their peers
and it dropped 2.88 for every degree of increase in the use of insults by
teachers towards students.
Regarding Sports practice, for every day which students did physical
activities moderately outside school, there was a 2.24 increase in average
Science performance (for intense physical activities no significant effect
was found). However, results show that those who did exercise before
going to school diminished their average by 31.95 points. On the other
hand, we found that those who had breakfast before going to class
increased their average by 4.83 points.
In relation to Science Lessons, for every additional session above the
sample mean (3 sessions/week), performance rose 8.03 points (with no
significant result from the effect of additional hours outside school). For
every degree of increase in the noise and disorderliness in the classroom,
the average fell by 3.51 points. In turn, while variables such as the chance
given students to express their ideas, doing practical experiments in the
laboratory and research showed no significant values, for every degree
of increase in the clarity with which teachers explain the importance of
science concepts for everyday life, average performance rose 2.90 points.
All predictors related to the Interest in science and technology have
been significant and with a positive effect. Thus, for every degree of
increase in watching science programmes on television, visiting science
websites and reading science journals or articles, the average rose 3.31,
8.31 and 3.05, respectively. Likewise, the average went up 10.15 points
for every degree of increase in the use of digital devices.
Regarding the School variables, we found significance in Ownership,
with 3.86 points less in the Science average for students from private
schools with state subsidies and 7.72 less for those from public schools
compared to students from private schools. Students from schools
that organised science competitions and that had enough laboratory
equipment obtained 5.98 and 3.33 more average points, respectively.
All other school variables (location, number of students and teachers,
technology resources, type of student assessments conducted, school
evaluations, etc.) showed no significant values.
Similarly, none of the Autonomous Community variables (GDP per
capita, public expenditure per student, percentage of public schools, etc.)
have shown to be significant predictors in the model.
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To determine adjustment of the definite model compared to the
null model, we compared the Likelihood Ratio of the two models. The
difference showed a drop in the adjustment statistical value in the final
model, which indicates a chi-squared difference of 217,485.30 with 31
degrees of freedom, a value which is significant at 0.01, confirming the
better adjustment of the definite model compared to the null model.
To understand how much variance of the dependent variable is
explained by all the predictor variables of the model and to analyse the
proportion of variance associated to each one of the three levels, it was
necessary to compare the random parameter values of the definite model
and the null model, through the R2quotient (Snijders & Bosker, 2012).
The 27 predictors included in the model help explain nearly 43% of the
differences between students (R2=0.429), 65% of the differences between
schools (R2=0.652) and 53% of the differences between Autonomous
Communities (R2=0.532). While the explained variation in Science
performance was 45% (R2=0.4505).

Discussion and Conclusions
The main objective of this paper was to produce empirical evidence of
Science performance predictors for the Spanish students participating in
PISA 2015. To this end, we estimated a multilevel regression model that
helped identify a series of factors which, as a whole, showed a significant
effect on the attainment of Science literacy.
The final model, made up of 24 variables for Level 1: Student and 3 for
Level 2: School, helped explain 43% of the differences between students,
65% of the differences between schools and 53% of the differences
between Autonomous Communities, with no significant variable being
found for Level 3: Autonomous Community. Although these values were
not excessively high, neither were they negligible, since, aside from
allowing identification of significant predictors, they allowed ruling
out others which could have appeared substantial. Below are the main
conclusions drawn from this study.
In relation to Student variables:
■ 
The student’s sex was a significant predictor for Science performance,

with females obtaining a lower average (results which match those
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of Ruiz de Miguel, 2009, and Rodríguez et al., 2011). In this regard,
specialised literature highlights the importance of the variables
personality, interests, skills acquired in the years prior to schooling
and possible sociocultural limitations, for the performance of boys
and girls (Inda-Caro, Rodríguez-Menéndez, & Peña-Calvo, 2010),
therefore it is necessary to further examine the factors related to
these different results in order to bridge any existing gender gaps
in the field of education.
■ 
Although studies such as those by Cordero et al. (2012) show
there is no relationship between parents’ education level and
academic performance, this study found a significant effect
both in the case of the education level of mothers and fathers.
The higher the education level of parents, the higher the student
Science performance. Therefore, and given the significant weight
of family stimulation and motivation on their children’s academic
performance (Van Ewijk & Sleegers, 2010; Moledo, Rego & Otero,
2012), while the education level of parents is not an element that
can be modified, collaborative and work strategies with the families
should be established.
■ 
The number of school changes, as well as absences from class,
showed negative effects. It seems evident that having students
change schools (whether for disciplinary reasons, parents’ work
or other) is detrimental to the Science literacy assessed in PISA,
perhaps due to a certain lack of adaptation (Arrebola, 2013). Also,
many studies insist on the negative effect of school absenteeism on
education (Choi de Mendizábal & Calero Martínez, 2013; Mediavilla
& Escardíbul, 2015; Izquierdo, 2016), and thus these are two aspects
that need to be considered, essentially, by schools and families.
■ 
As for certain basic home possessions, we found that as the
number of television sets rose in the household, students’ Science
performance dropped significantly. On the other hand, having or
not their own room, a quiet place to study or the number of books in
the house showed no significant values. This could be an indicator,
as pointed out by Cordero et al. (2012), that the family’s purchasing
level need not condition students’ academic performance, even
though other authors believe otherwise (Ruiz de Miguel, 2009).
However, we found that having a computer to study with at home,
as well as Internet connection, had a positive effect on learning
Science (which matches the results of Fernández-Cruz, 2016).
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feelings of tension, insecurity and anxiety about studying or
before an assessment test, significantly diminished student Science
performance, while those students who felt highly motivated and
wished to be one of the best students, had higher averages. In this
sense, student self-image and self-esteem play an obvious role, as
they are factors which can help diminish anxiety and nervousness
regarding assessments and studying (Alegre, 2013). Therefore, it
would appear advisable to develop student strategies to strengthen
these traits, through workshops, seminars or other school activities.
■ 
Student perception of poor relationships with teachers
(underestimating, punishments and insults) diminished Science
performance, as well as the perception of disorderliness in the
classroom (results which match those of Ruiz de Miguel, 2009). In
turn, the greater the clarity in the teachers’ explanations and the
more weekly hours of Science, the higher the performance. This
makes manifest the important role of affective variables (treatment
of and respect for students) and teaching variables (control over
classroom climate and clear explanations) (Rodríguez Mantilla
& Fernández Díaz, 2015; Fernández Díaz, Rodríguez Mantilla, &
Fernández Cruz, 2016). These are variables that can be changed to
reinforce attainment of Science literacy among students.
■ 
Regarding sports or healthy habits for students, while it struck
our attention that those who do sports before going to school had
significantly lower results, having breakfast before going to school
and doing sports moderately outside school during the week, had
a positive effect on Science performance. Along these lines, there
are several studies that show the positive effect of doing physical
activities on academic performance (Ruiz-Ariza et al., 2016), brain
function, concentration (Rodríguez et al., 2011; Ardoy et al., 2014),
and on educational motivation and healthy behaviours (González
& Portolés, 2014), so it would seem necessary to tend to physical
development at school as a factor related to a proper student
learning process.
■ 
Students who enjoyed using technology devices, who read articles,
watched television programmes and checked science websites,
obtained better results in Science. If we consider that interest is one
of the components of intrinsic motivation and one of the reasons
why students enjoy learning (Ministry of Education, Culture and
■ 
The
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Sports, 2016b), it makes sense that students with a greater interest
in Science achieve higher results. Therefore, the recommendation is
for schools to work on developing strategies to strengthen student
engagement and motivation (Camacho-Miñano, 2015).
In relation to the School variables, ownership was a significant
predictor, with private schools obtaining the highest results. There are
several studies along these lines (Flores, 2014; Ministry of Education,
Culture and Sports, 2016b), while others, such as Cordero et al. (2012),
have shown there are no differences between the various types of
schools. Authors such as Choi de Mendizábal and Calero Martínez (2013)
or Izquierdo (2016) have explained the existence of these differences
by relating school ownership to the type of students they admit, their
independence to manage resources and budgets, hire teachers and
conduct assessments. Regarding these aspects, our study has drawn the
following conclusions:
■ 
While

Mediavilla and Escardíbul (2015) noted in the PISA 2012
assessment that the ICT (Information and Communication
Technology) variables had an impact on attainment of Mathematics
(more than on the other competencies assessed: Reading and
Science), in this study, the amount of technology resources at the
school showed no significant effect on Science performance. In this
sense, we believe the statement by Fernández-Cruz (2016) is of
importance when he asserted that the mere presence of technology
resources at schools was not enough to develop various student
skills, and rather that it was more important to use said resources
properly.
■ 
Students from schools that conduct Science competitions and that
have enough laboratory equipment, significantly increased their
performance in scientific literacy assessed in PISA. There is an
evident relationship between this variable and undertaking science
competitions, as several studies show the benefits of this type
of activities for student motivation, learning and interest in the
subject (Lieury & Fenouillet, 2016; Arrebola, Barreiro, Gómez, &
Chocrón, 2017). Nonetheless, it is striking that incurring additional
expenditure to update equipment or having additional laboratory
staff (which explicitly or implicitly entail more financial spending),
were not significant. This could indicate, once again, that proper use
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of basic resources to deliver Science lessons is more advantageous
for student learning than additional financial investments.
■ 
Similarly, there was no significance in the variables related to the
school’s financial resources, such as school location (rural area,
small town, city, large city, etc.) or size (based on the number of
students and teachers), therefore the differences of large, medium
or small schools, in rural areas, cities or large cities, are not due to
these variables.
■ 
Regarding the type of assessments used by the school, results indicate
that not using assessments prepared by teachers or standardised
assessments are significant factors in Science performance. The topic
of assessments has been widely covered in specialised literature
and, at times, has generated more controversy than agreement. The
OECD (2013) has pointed out that a determining factor for schools
to perform better academically is having assessment independence,
with advantages in the use of results in external and standardised
assessments. Nonetheless, authors such as Hopkins (2008) note that
in order for these assessments to be useful, they need to provide
relevant and updated information that helps detect the educational
response required by each student. Perhaps then we should ask
whether the problem lies in the quality of the information provided
by these external assessments or in the incorrect use of the
information obtained.
■ 
According to INEE [National Institute for Education Evaluation] (2013),
one of the factors influencing student performance is the quality
and improvement of the school’s internal procedures (such as level
of independence and efficient management of organisational and
educational procedures, among others). To this end, it is necessary to
conduct internal evaluations (or self-evaluations) and external ones
to determine strengths and weaknesses and thus design continuous
improvement plans for the school. In this study, the use of internal or
external evaluations for this purpose did not show significant values
on student Science performance, therefore we should ask whether
application of these assessments and improvements plans has a real
impact on student academic performance.
Thus, results do not appear to show a clear positive and significant
effect on student performance of increasing school resources (findings
which match those of Escardíbul and Calero, 2013).
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Regarding the Autonomous Community variables, authors such
as Martínez, Reverte and Manzano (2016) stated that the existing
differences between Spanish Autonomous Communities were related
to the sociocultural, economic-labour and educational characteristics of
each region. Others, such as Bolívar and López (2009), indicated that the
education investment of the various Autonomous Communities was a
determining factor for the academic success of their students. However, in
this study, none of the variables were significant as predictors of student
performance in Science (neither GDP per capita, public expenditure per
student, average student-to-teacher ratio, etc.). These results, in addition
to the fact that only the Student and School variables included in the
model helped explain more than 53% of the existing variance between
Autonomous Communities, show the need for a greater reflection on
the real impact which education and economic policies in the area
of education have on the student learning process. However, caution
should be exercised when interpreting the results found, since we were
never able to identify underlying causal relationships as this was a nonexperimental study.
Finally, and beyond the above statistical-analytical limitation, we
should highlight the contribution of this paper to the specific area of
research on school performance and PISA assessments, in general,
having, furthermore, provided results that are consistent with previous
studies and that point towards new lines of research.
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Abstract
Science education research has developed a fruitful line on epistemology, sociology and the history of science contents (in short, nature of scientific knowledge or nature of science), because these contents are currently considered an
essential component of scientific and technological literacy for average citizens.
As a novelty, under the label of epistemic knowledge, PISA 2015 asks for students’ opinions about the nature and validity of scientific knowledge, which
constitutes the aim of this study. Three basic beliefs make up the theoretical
framework of PISA 2015 for the epistemic knowledge: the recognition that scientific knowledge changes, the appreciation that empirical evidence is the basis of
knowledge and the assessment of critical thinking as a tool to validate ideas and
knowledge. From this framework, PISA 2015 constructs several indices to characterize epistemic knowledge and analyze students’ beliefs. Results show that
most students agree that scientific knowledge changes and empirical evidence is
very important to validate knowledge. The most interesting result shows that, in
all countries, the increase in the index of epistemic knowledge is positively and
systematically associated with the increase of PISA science achievement average
score. In addition, teacher-led instruction, good material equipment and per Project EDU2015-64642-R (AEI/FEDER, UE) funded by the Spanish State Research Agency and the
European Regional Development Fund.
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sonnel in science department, research-based instruction and adaptive instruction are positively related to stronger beliefs of epistemic knowledge, whereas
teacher qualification seems to have no influence. Finally, the main findings of the
study, the methodological limitations of the six epistemic phrases in the student
questionnaire, and the impact of research-based teaching are discussed.
Key words: Scientific and technological literacy, nature of science, epistemic
knowledge, procedural knowledge, science evaluation, PISA 2015, teaching
methods, inquiry-based teaching, teacher qualification, science department resources.
Resumen
La investigación didáctica en la enseñanza de la ciencia ha desarrollado una
fructífera línea sobre contenidos de epistemología, sociología e historia de la
ciencia (brevemente, naturaleza del conocimiento científico o naturaleza de la
ciencia), porque se consideran hoy un componente esencial de la alfabetización
científica y tecnológica de un ciudadano medio. Como novedad, PISA 2015 pregunta a los estudiantes sus opiniones acerca de la naturaleza y la validez del conocimiento científico bajo la etiqueta de conocimiento epistémico que constituye
el objetivo de este estudio. Tres creencias básicas conforman el marco teórico
de PISA 2015 para el conocimiento epistémico: el reconocimiento que el conocimiento científico cambia, la apreciación de que las evidencias empíricas son la
base del conocimiento y la valoración del pensamiento crítico como medio para
validar ideas y conocimientos. Desde este marco, PISA 2015 construye varios
índices para caracterizar el conocimiento epistémico y desarrollar los análisis sobre las creencias de los estudiantes. Los estudiantes están muy mayoritariamente
de acuerdo con las dos primeras creencias: el conocimiento científico cambia y
la experimentación es muy importante para validar el conocimiento científico. El
resultado más interesante es que, en todos los países, el aumento del índice de
conocimiento epistémico se asocia positiva y sistemáticamente con un aumento
de la puntuación media del rendimiento de ciencias. La instrucción dirigida por
el profesor, el buen equipamiento en material y personal del departamento de
ciencias, la instrucción basada en la investigación y la instrucción adaptativa se
relacionan positivamente con creencias más fuertes de conocimiento epistémico,
mientras la cualificación del profesorado parece no tener influencia. Finalmente,
se discuten los principales hallazgos del estudio, las limitaciones metodológicas
de las seis frases epistémicas del cuestionario de los estudiantes y el impacto de
la enseñanza basada en investigación.
Palabras clave: alfabetización científica y tecnológica, naturaleza de la ciencia, conocimiento epistémico, conocimiento procedimental, evaluación en ciencias, PISA 2015, métodos de enseñanza, enseñanza basada en investigación, formación del profesorado, dotación de la educación.
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Introduction: approach and foundation
Since more than twenty years ago, the contents of epistemology,
sociology, and history of science (or knowledge of the nature of scientific
knowledge) constitute a fruitful line of research in science education, as
they are considered an essential component of scientific and technological
literacy (McComas, 1998; Vázquez & Manassero, 2012). Under the heading
of epistemic knowledge (EK), PISA 2015 has emphasized these contents
as part of the evaluation of scientific literacy. The aim of this study is to
analyze the results of this novel inclusion (OECD, 2016a).
The nature of science is the designation used to describe the
interdisciplinary content about what science is and how science works
in today’s world to justify the knowledge it produces, which reflects
the meta-cognitive level of thinking and scientific processes. The
most transversal trait of different scientific disciplines is, perhaps, the
provisionality of knowledge, that is, its constant openness to continuous
revision and change; other general features are its empirical evidence
basis and the use of a variety of methods to propose theories, laws,
and explanatory models of natural phenomena, the human nature of the
scientific enterprise and the pre-assumption of order and consistency
in the natural systems (Vázquez & Manassero, 2012; McComas, 1998;
Matthews, 2014).
The PISA 2015 theoretical framework to assess scientific literacy is the
result of the evolution from the previous framework, developed for PISA
2006 assessment. Scientific literacy is defined as the ability to engage
with science-related issues, and with the ideas of science, as a reflective
citizen. A scientifically literate person is willing to engage in reasoned
discourse about science and technology (S&T), and to make decisions
for daily life, which involves everything that 15-year-old students should
know, appraise, and be capable of doing as their “preparation for life”
in society. Students’ ability to make use of these skills depends of their
scientific knowledge, their positive attitudes towards scientific issues,
and their willingness to engage in topics related to S&T. According to
PISA, scientific literacy requires three competences:
■ 
explaining

phenomena scientifically (recognizing, offering and
assessing explanations for a range of natural and technological
phenomena),
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■ 
assessing

and designing scientific enquiry (describing and assessing
scientific research and proposing ways of addressing issues
scientifically), and
■ 
interpreting data and evidence scientifically (analyzing and assessing
the data, statements, and arguments and reaching the appropriate
scientific conclusions).
Scientific literacy in PISA 2015 covers not only knowledge of the
natural world and technological artifacts (knowledge of contents), but
also the knowledge and comprehension of how (procedural knowledge
and epistemic knowledge) such ideas are produced by scientists (OECD,
2016b). The scientific knowledge required for the development of the
competences has three components:
■ 
Knowledge

of contents: comprehension of the main facts, concepts,
and explanatory theories that form the basis of scientific knowledge
and that include both the natural world and technological artifacts.
■ 
Procedural knowledge: knowledge of the essential processes of
scientific research for the production and derivation of scientific
knowledge, which sustain the collecting, analysis, and interpretation
of scientific data.
■ 
Epistemic knowledge (hereafter EK): comprehension of the
underlying reasons and justifications of these procedures and their
use to obtain valid and reliable data, and the distinction between
observations, facts, hypotheses, models and theories, but also
to understand why certain procedures, such as experiments, are
central to establishing knowledge in science.
Students should use these competences in specific, personal, local/
national, and global contexts, both current and historical, and this requires
some comprehension and certain attitudes toward S&T. Attitudes include
positive dispositions and appraisal of scientific research, together with
the perception and awareness of environmental issues. Students’ capacity
to apply their competences to specific contexts is influenced by their
attitudes, their knowledge of scientific ideas and how they are produced
and justified (EK).
The main novelty in the PISA 2015 framework is that the general concept
of “knowledge about science” (2006) has been divided into two components:
procedural and epistemic (EK). Precisely, this study seeks to present findings
from PISA 2015 on this latter aspect (EK) as its central goal.
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Procedural knowledge refers to processes that involve dependent
and independent variables, the distinction between different types of
measures (qualitative and quantitative, categorical and continuous),
ways of assessing and minimizing uncertainty (repeating measures
and observations), strategies for variable control and their role in
experimental designs, communication and presentation of results, and
different degrees of certainty (depending on the nature and amount of
empirical evidence).
EK refers to the comprehension of the nature of scientific knowledge,
and it reflects students’ capacity to think and to participate in a reasoned
discourse, similar to that of scientists. Epistemology is the theory of the
nature, organization, justifications, and sources of human knowledge;
in other words, the theory of how knowledge is acquired and how
people know that it is valid (BonJour, 2002; Hofer & Pintrich, 1997). EK
is necessary to understand the difference between observations, facts,
hypotheses, explanations, models, and theories, but also to understand
why certain procedures, such as experiments, are essential to validate
scientific knowledge.
EK conforms personal representations about what is considered “true”
or how to establish the validity of an argument (Hofer & Pintrich, 1997).
Students adopt a scientific approach to research when they question
statements, seek data and their meaning, demand verification, respect
logic, pay attention to the premises, and show dispositions that make
up a scientific attitude. In fact, beliefs and dispositions are both traits
that characterize scientific thinking, and it is has been shown that they
are directly related to students’ capacity to learn new knowledge and
improve their grades in school science (Mason, Boscolo, Tornatora &
Ronconi, 2013).
EK changes with age, as an effect of cognitive development and
education (Kuhn, 2012). Older people are more prone to believe that
scientific knowledge is complex, provisional, and evolutionary, that it is
not the property of scientific authorities, and that it can be validated with
confirmatory evidence (Mason et al., 2013). Students’ beliefs about science
as a body in constant change and the need for scientific experiments to
justify scientific knowledge are also related to beliefs about learning, and in
particular, with the belief that EK can be increased (Chen & Pajares, 2010).
The goal of this study is to analyze the EK outcomes of the PISA 2015
evaluation through beliefs about science, such as the positive disposition
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towards scientific reasoning, the commitment to use empirical evidence
as the basis for beliefs, and the appraisal of critical thinking as a means
to validate ideas.

Method
The set of guiding principles and methodological decisions for the
development and application of the PISA 2015 assessment on scientific
competence have been extensively detailed (OECD, 2016a). We present
herein some basic elements to allow the reader to follow the outcomes
about EK, the central goal of this study.

Participants
PISA 2015 establishes guidelines and standards for designing
representative samples in order to achieve some measurement accuracy.
Thus, it specifies a sample size through minimum number of participants
(schools and students) to achieve representative samples of the population
in each country, so that the collected data will accurately reflect the level
of scientific literacy of the students of a country.
Approximately 535791 students, who attended 18541 schools of 70
countries, completed the PISA 2015 assessment, representing about 29
million 15-year-old youths. The sample of the 36 countries of the OECD
has 248620 students belonging to 9370 schools. In Spain, the sample is
37205 students from 980 schools (MECD, 2016).

Instruments
The PISA 2015 contents of the science knowledge are grouped into three
scientific areas:
■ 
Physical

systems
systems
■ 
Earth and space
■ 
Living
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Nearly one-third of all the science items of PISA 2015 (61 out of 184)
refers to physical systems, 74 to living systems, and the remaining 49 to
terrestrial and space systems.
Scientific literacy requires comprehension of the main facts, concepts,
and explanatory theories that form the basis of scientific knowledge
of physics, chemistry, biology, and terrestrial and spatial sciences and
how they are applied in contexts where the elements of knowledge are
interdependent or interdisciplinary. Three response formats were used:
■ 
simple

multiple choice (select only one response, from four options,
or a “hot spot”, a selectable item within a chart or text)
■ 
complex multiple-selection (a set of responses that are considered
as a single element: a series of related questions, selecting various
responses from a list, sentence completion by selecting options,
filling in multiple blanks, matching, ordering, or categorizing), and
■ 
constructed response (these require a written or drawn response,
which varies from a sentence to a short paragraph, a drawing, a
figure, or a diagram). To ensure reliable and comparable results
and coding coherence, detailed technical guidelines and practical
training are provided in the PISA 2015 Technical Report.
Approximately one-third of the items belong to each of the three
previous response categories.
About one half of all the assessment items in PISA 2015 (98 out of
184) mainly evaluated the students’ knowledge of contents. Sixty items
evaluated the students’ procedural knowledge and the remaining items
(26 items, 10% of the total) assessed students’ EK.
All the items of the PISA 2015 scientific test were assigned to one
of these three categories of knowledge but, for the purpose of deriving
subscales, the last two categories were combined into a single subscale
called “procedural knowledge and EK”, because there were very few “EK”
tasks to support a separate EK subscale with appropriate psychometric
properties.
By competences, approximately 50% of the items refer to scientifically
explaining the phenomena, 30% to scientifically interpreting the data
and tests, and 20% to assessing and designing scientific research. The
combination of competences and the depth of the knowledge or item
cognitive demand (low 30%, medium 62%, and high 8%) offer a variable
range that allows evaluating scientific competence equitably.
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PISA 2015 assessed the students’ capacity to interpret scientific
statements by means of test items classified in the EK category (for
example, in the unit SLOPE-FACE INVESTIGATION). It also assessed
personal beliefs about the nature of knowledge and research methods
as sources of valid knowledge through the questionnaire of antecedents,
where the students expressed their degree of agreement (“strongly
agree”, “agree”, “disagree” or “strongly disagree”) with statements about
EK such as the following:
A. A good way to know if something is true is to do an experiment;
B. Ideas in science sometimes change;
C. Good answers are based on evidence from many different
experiments;
D. It is good to try experiments more than once to make sure of
findings;
E. Sometimes, scientists change their minds about what is true in
science;
F. The ideas in science books sometimes change.

Procedure
Data should be collected in an equivalent way in all the countries, using
equivalent assessment materials, so that the results of the tests are
comparable between regions and countries.
PISA 2015 provides results of an overall scale of science literacy,
which is based on all the scientific questions, as well as on the three
scientific competences, the three areas of contents and the two categories
of procedural knowledge and EK. The metric for the global scientific
scale has an average of 500 points and a standard deviation of 100 points,
established since PISA 2006.
To characterize EK, PISA 2015 builds a normalized index, so that
the OECD average student would obtain an index value of zero and,
approximately, two-thirds of the student population of the OECD
would be between the values -1 and 1 (standard deviation 1). Negative
(positive) values in the index imply that the students responded less
(more) positively than the average response in the OECD countries. In
addition, the authors built another single weighted index (range 1-4) to
characterize each of the six EK phrases for each country.
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Results
The central goal of this study is to present the results of EK, due to
its novelty in PISA 2015, and to relate it to other variables. Firstly, the
results of the three main variables of knowledge are presented; then,
the relationships of the EK index with the scores of global scientific
competence, the specific analysis of the responses to the six phrases
about the epistemology of science, through the authors’ elaboration
and, lastly, the relationships of EK with diverse variables of the context
(OECD, 2016b, 2016c).
Tables of the results containing all the countries would be very
extensive, so to respect the maximum extension of the journal, tables
are only presented partially; the complete table can be consulted as
complementary data.

Epistemic knowledge: global results
Table I shows the countries and grades in PISA 2015 in each of these three
dimensions: students’ general science performance, their performance
in knowledge of contents, and in procedural knowledge and EK. Spain
is located precisely at the average value corresponding to the OECD
countries in the three dimensions of science performance.
Table I also shows the existing relation between the performance in
the two scales of knowledge (knowledge of contents and procedural
knowledge and EK), underlining the cells corresponding to countries
where one of the two types of knowledge is significantly greater than
the other. The fourth column shows 16 countries whose performance in
the knowledge of contents is significantly greater than the performance
in procedural knowledge and EK, whereas the last column contains
12 countries whose performance in procedural knowledge and EK is
significantly higher than their performance in knowledge of contents.
For example, among the countries that are close to the OECD average,
France and the United States are significantly stronger in the capacity of
their students to resolve issues related to procedural knowledge and EK,
whereas in Austria and the Czech Republic, the capacity of the students
to resolve issues related to knowledge of contents is greater. However,
in spite of these differences between the subscales of knowledge, the
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mean score of these four countries in the general scientific scale are not
statistically different. Spain presents no significant differences between
the two types of knowledge (contents vs. procedural knowledge and EK).

TABLE I. Comparison of countries in the different subscales of scientific knowledge of PISA 2015

Average
science
performance
(Global
science
scale)

Relative strengths in sciAverage performance
ence: Average performance
Subscales of scientific knowlin the subscales of scientific
edge
knowledge ...
... procedural
... knowledge
and epistemic
Procedural
of contents
Knowledge of
knowledge
and epistemic
(kc)
contents (kc)
(pe) is
knowledge (pe) is greater
greater than
than (pe)
(kc)

Singapore

556

553

558

Japan

538

539

538

co

Estonia

534

534

535

Chinese Taipei

532

538

528

pe

Finland

531

534

528

pe

Macao (China)

529

527

531

Canada

528

528

528

United States

496

490

501

Austria

495

501

490

France

495

489

499

Sweden

493

498

491

OECD average

493

493

493

Czech Republic

493

499

488

Spain

493

494

492

Latvia

490

489

492

Dominican Republic

332

331

330

co

co
pe
co
pe
pe
co

The blank rows correspond to a series of deleted countries; the complete table is offered in complementary files. (The original
designation of countries in PISA 2015 report has been respected).
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Gender differences in the knowledge global performance (not shown
due to lack of space) favor the boys, and are more marked for knowledge
of contents than for procedural knowledge or EK. In the OECD countries,
the mean difference between boys and girls in the science scores is low
(4 points); but boys obtain 12 points more than girls in the subscale of
knowledge of contents, and girls obtain 3 points more than boys in the
subscale of procedural knowledge and EK. This suggests that girls are
more interested in knowing how scientists investigate and build scientific
theories, whereas boys are relatively more interested in the explanations
of phenomena provided by science.

Epistemic Knowledge Index: relations with performance
In this section, the science performance is compared with the index of
the pure EK component (devoid of the procedural component). Table II
presents the list of countries, arranged from highest to lowest value of
the EK index.
The results of Table II allow us to observe that some countries with
low scores in average science performance (such as Iceland and Israel)
are near the top (third and eleventh position, respectively) according to
the average EK index. Other similar examples would be countries with
a modest score of average science performance, located at the average
of the OECD (United States, Sweden and Spain) which also have high
average EK indices (among the first fourteen places).
A similar symmetrical situation occurs at the bottom of the EK
index, where obviously there are some countries with low scores in
global science performance, but the presence of some countries with
significantly high scores (Netherlands and Germany), and other countries
with science performance at the average of the OECD (Czech Republic
and Lithuania) is noticeable.
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TABLE II. Indices that represent epistemic beliefs (support for scientific research methods)
EK about the nature and origin of scientific
knowledge
Average science
performance

EK index (support
for scientific research methods)

Difference of points
of performance by
unit in the EK index

Mean

Mean index

Differences

OECD average

493

0,00

33

Chinese Taipei

532

0,31

38

Canada

528

0,30

29

Iceland

473

0,29

28

Portugal

501

0,28

33

Australia

510

0,26

39

United States

496

0,25

32

United Kingdom

509

0,22

37

Singapore

556

0,22

34

New Zealand

513

0,22

40

Ireland

503

0,21

36

Israel

467

0,18

38

Denmark

502

0,17

32

Sweden

493

0,14

38

Spain

493

0,11

30

Slovak Republic

461

-0,35

36

Hungary

477

-0,36

35

Romania

435

-0,38

27

The blue cells represent scores of the variable significantly higher than the mean; grey cells represent scores significantly lower
than the mean; white cells represent scores whose difference with the mean is non-significant. The empty rows correspond to
a set of deleted countries.

The most interesting outcome of Table II is in the last column, which
presents the increase of points in the average science performance per unit
of the EK index (about the nature and origin of scientific knowledge). The
increase global average is 31 points, but the most notable characteristic
of these incremental differences is that all of them are positive, that is,
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an increase of the EK index is systematically associated with a positive
increase of the average science performance.
Although this association is positive and significant for all countries,
the scores vary a lot across countries, from the maximum (Malta, 54
points) to the minimum (Dominican Republic, 13 points). Thus, even the
countries with the lowest and negative EK indices display differences of
improvement in the global science performance that are not only positive
but, in some cases, high and even higher than the mean. For example,
Hungary and the Slovak Republic, which occupy the second to last and
third to last place in the EK index (around the lowest EK indices), have
associated values of 35 and 36 points of positive increase in the global
science performance. Spain occupies place number 14 according to the
EK index, although the increase of the global science performance is on
the mean (30 points). At the other end, the association in Algeria, Costa
Rica, Dominican Republic, Indonesia, Kazakhstan, Mexico and Tunisia is
positive, though notably weaker.
Globally, less than 6% of the variation in the science performance
can be explained by differences in the students’ EK (positive difference
under 20 points in the associated mean science performance per unit
in the EK index). However, for girls, the differential variation in science
performance attributed to their EK of science represents approximately
12%, a relatively high score, comparable to the variation of performance
associated with the students’ socioeconomic status.
For OECD countries, an increase of one unit in the EK index improves
the scientific assessment of PISA by an average of 33 points of science
performance, which is approximately the estimated increase for one year
of schooling. Among the countries with greater science performance,
the EK average beliefs display higher variability than the countries
with lower science performance, where students tend to have lower
EK indices. Further, the mean correlation index between EK index and
global science performance is moderate and positive (0.5).
In sum, the fact that all the differences in the fourth column are positive
scores for all countries indicates that higher levels of agreement with the
questions that reflect students’ EK beliefs are associated with a higher
performance. This outcome indicates a sound positive relation between
science performance and epistemic comprehension, such that the more
firmly the students agreed that science ideas change with time and that
experiments provide good ways of establishing whether something is
true, the better their science performance in PISA 2015.
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Epistemic knowledge: results for the six epistemological phrases
The most important part of the results about EK is based on the six
phrases about the nature of scientific knowledge and research, about
which students had to express their level of agreement (or disagreement).
The average levels of support to these six epistemic statements of
the survey show very high averages in the OECD countries (around 80%
of responses of agreement or strong agreement with each statement).
Thus, 84% of the students expressed agreement with the statement that
a good way of knowing if something is true is to do an experiment; 81%
agreed that science ideas sometimes change; 86% reported that good
answers are based on evidence from many different experiments; 85%
agreed that it is good to try experiments more than once to make sure of
findings; 80% agreed that sometimes scientists change their minds about
what is true in science; and 79% agreed that the ideas in science books
sometimes change (FIGURE I).
These high percentages of agreement vary across countries. Whereas
more than 93% of the students in Ireland, Singapore, and Taipei reported
that good answers are based on evidence from many different experiments,
less than 77% of the students in Albania, Algeria, Austria, Montenegro,
and Turkey agreed with that statement. Similarly, more than nine out of
ten students in Australia, Ireland, New Zealand, Portugal, Taipei, United
Kingdom, and United States agreed that ideas in science sometimes
change, but barely six out of ten students of Austria, Indonesia, Lebanon,
Romania, and Tunisia agreed with this.
The results referring to the students’ high degree of agreement on
these six epistemic issues were elaborated in depth. The percentages of
students’ direct response to each of the original four-category format of
the Likert scale (agreement-disagreement) were collapsed into a mean
weighted index by country; this index is the average of each one of
the four points of the scale (1-2-3-4) weighted by the percentages of
response to each point. This mean weighted index of the degree of
agreement takes into account more precisely the different distribution of
the percentages of the four categories of agreement-disagreement and,
at the same time, it reflects simply and synthetically the position of each
country on each of the sentences (Table III).
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FIGURE I. Percentage of students belonging to OECD countries who agree or strongly agree
with each of the 6 phrases that represent diverse epistemic beliefs about scientific and technological knowledge

The mean weighted indices of the OECD countries (overall average M
= 3.02) and the mean weighted indices of the partner countries (overall
average M = 2.97) are shown at the end of Table III. The comparison
of the global averages of both groups of countries on the six questions
allows us to observe (Figure II) that the partners have systematically
lower mean indices than the OECD countries, and that the quantitative
differences between the two groups are very small and similar in the six
phrases examined (approximately 0.05 points of the scale employed 1-4).
The average profiles of the phrases in the two groups of countries
are approximately parallel, and the relative maximum and minimum are
also the same in the two groups (FIGURE II). In the group of OECD
countries, phrase D reaches the highest weighted index of all (M = 3.15)
and very close to that of phrase C (both about the goodness of repeating
experiments); in contrast, the phrases with the minimum scores are all
in the group of partners (phrases B, E, and F around change), although
they all locate within the area of clear agreement (M = 2.89). Phrase A is
located in an intermediate position between the two relative maximums
and minimums.
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TABLE III. Mean weighted indices of the degrees of agreement/disagreement with the six phrases of epistemic beliefs for each country, which are arranged from highest to lowest mean index
score (elaboration of authors)
Six phrases about epistemic beliefs
A (%)

B (%)

C (%)

D (%)

E (%)

F (%)

Media
(1-4)

Portugal

3,15

3,17

3,17

3,28

3,15

3,17

3,18

Canada

3,13

3,17

3,25

3,27

3,12

3,12

3,18

Australia

3,10

3,17

3,24

3,33

3,09

3,06

3,16

Iceland

3,15

3,09

3,25

3,30

3,09

3,06

3,16

Ireland

3,24

3,10

3,27

3,37

2,96

2,97

3,15

United States

3,11

3,18

3,21

3,28

3,06

3,08

3,15

New Zealand

3,10

3,13

3,22

3,35

3,06

3,04

3,15

United Kingdom

3,11

3,15

3,19

3,34

3,06

3,05

3,15

Denmark

3,16

2,96

3,19

3,19

3,19

2,95

3,11

Israel

3,15

3,03

3,17

3,27

3,01

2,97

3,10

Sweden

3,05

3,03

3,15

3,23

3,05

3,03

3,09

Spain

3,12

2,95

3,18

3,25

2,96

2,99

3,08

OECD average

3,05

2,94

3,10

3,15

2,93

2,92

3,02

Finland

3,00

2,94

3,10

3,13

2,86

2,88

2,99

Slovak Republic

2,78

2,77

2,90

2,90

2,78

2,76

2,81

Chinese Taipei

3,05

3,22

3,27

3,24

3,18

3,20

3,19

Singapore

3,16

3,06

3,27

3,36

3,05

3,03

3,16

Malta

3,08

3,03

3,21

3,34

2,88

2,90

3,07

Romania

2,82

2,67

3,03

3,00

2,69

2,63

2,81

Partners Media

2,99

2,89

3,06

3,11

2,89

2,89

2,97

Partners

The blank rows correspond to countries not shown here.
A. A good way to know whether something is true is to do an experiment;
B. The ideas of sciences sometimes change,
C. Good answers are based on the evidence of many different experiments;
D. It is good to try experiments more than once to ensure their findings;
E. Sometimes, scientists change their minds about what is true in sciences;
F. Ideas in science books sometimes change.
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FIGURE II. Mean weighted indices in the OECD countries and participant partners in the PISA
2015 study in the six questions (A, B, C, D, E, and F) of epistemic knowledge (elaboration of
authors)

The differences by gender in the students’ EK are usually small.
When they are relevant, the most frequently observed pattern is that
girls support empirical approaches to research as a source of knowledge
more than boys and they also agree more strongly that scientific ideas
are provisional and subject to change. The largest difference between
girls and boys occurs in Jordan (86% of the girls agreed that a good way
to know whether something is true is to do an experiment versus only
62% of boys). Other countries with large differences in favor of girls are
Georgia, Lithuania, and Slovenia.

Epistemic knowledge: relations with other contextual variables.
This section explores the relations between EK and diverse contextual
school variables, such as the school resources dedicated to science and the
teaching practices within classrooms, extracted from the questionnaires
of antecedents answered by headmasters and students.
The school resources examined include the quality and availability
of science laboratories, the qualifications of the teaching staff, and the
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availability of extracurricular activities related to science. The science
teaching practices methods include variables such as instruction,
feedback, adaptive instruction, and research-based instruction.

Teacher-directed instruction
The PISA 2015 results show that when teachers frequently explain and
demonstrate scientific ideas and discuss the students’ questions (teacherdirected instruction), the students obtain the highest results in science
performance, stronger epistemic beliefs about the value of scientific
research, and they hold higher expectations of future work in a sciencerelated job.
According to students’ reports, in the OECD countries, the teachers
of advantaged schools explain or demonstrate a scientific idea (teacherdirected instruction) with greater mean frequency than the teachers of
disadvantaged schools. The students who reported that their science
teachers frequently use these methods and adapt their teaching to meet
the students’ needs have a higher science score and show stronger EK.

The equipment of the science department
In the OECD countries, the average general data indicate that the students
achieve better science results and show stronger EK when the school
headmasters report that the Science Department of the school is better
equipped in material and staff.
The students of schools whose headmasters reported that the Science
Department is well equipped and has a good staff, in general, perform
better in science (an average of three points more for each positive
statement of the headmaster about the equipment of the Science
Department) after controlling for the socio-economic profile of the
students and the schools. However, a well-equipped and well-staffed
science department is less closely related to the students’ beliefs about
EK; only in 12 countries do the students have strong EK when the science
department of their school is well equipped. Spain is not in this group, in
spite of achieving a relatively high EK index.

114

Revista de Educación, 380. April-Jun 2018, pp. 97-121
Received: 28-05-2017 Accepted: 15-12-2017

Vázquez-Alonso, Á., Manassero Mas, M. A. The epistemic knowledge in the PISA 2015 evaluation of scientific competence

The qualification of the science teaching staff
This factor is considered in PISA 2015 by means of two variables: the
general teaching qualification and the specialization in science through a
university title. In the majority of the educational systems, the proportion
of certified science teachers does not show any relation with the students’
science performance.
In all the OECD countries, for every ten percentage points of increase
in the number of fully certified science teachers, the students’ science
performance only improved 1.2 points, after controlling for the socioeconomic profile of the students and schools. The relation between the
proportion of fully certified science teachers and students’ EK seems
to be even weaker, and there are few countries where the relation is
perceptible.
In the majority of educational systems, the percentage of teachers with
a university title and scientific qualifications is not related to the students’
results. Similarly, in the OECD countries, a greater proportion of qualified
teachers does not necessarily translate into stronger epistemological
beliefs among the students of a school. However, on average, in the OECD
countries and in another 13 countries, the students achieve better science
results when their schools have a greater proportion of science teachers
with a Bachelor’s degree and a specialty in science. In some cases, as the
Netherlands and Qatar, for example, an increase of ten percentage points
in the number of science teachers with a university title and specializing
in science is associated with an improvement of nearly eight points in
science performance, after controlling for the socio-economic profile of
students and schools.

Adaptive instruction
Adapting the teaching to the students’ needs by providing individual help
to the students who make an effort, or changing the lesson structure a
about a theme that most of the students find difficult is related to higher
science scores and stronger EK.
It is interesting to observe that, in almost all educational systems that
participated in PISA 2015, the students who reported that their science
teachers use adaptive instruction frequently achieve higher scores in the
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scientific assessment of PISA, and these students also have stronger EK.
The association with the students’ performance is particularly strong
in the Nordic countries and the Netherlands, Qatar, Singapore, and the
United Arab Emirates, whereas the association with EK is stronger in the
Dominican Republic, Qatar, and the United Arab Emirates.
The students of disadvantaged and rural schools are more likely to
report that their teachers provide feedback; however, in these schools,
the science teachers’ perception of feedback is associated with a poorer
science performance, probably because the less capable students receive
more feedback than students who perform better.
In the OECD countries, students who attend schools where there are
extracurricular activities related to science have stronger EK beliefs.

Inquiry-based instruction
A surprising outcome is that in any educational system where the students
reported that they were frequently exposed to research-based teaching
(experimentation and practical activities are practiced), they obtained
higher science results. On the other hand, after controlling for the socioeconomic profile of the students and schools, a greater exposure to
research-based instruction is even associated negatively with science
performance in 56 countries. However, in the OECD countries, researchbased teaching is positively related to students’ stronger EK.

Discussion and conclusions
As a novelty regarding former evaluations in scientific competence, PISA
2015 asked the students some questions about the nature and the validity
of scientific knowledge and research (epistemic knowledge, EK). The
relevance of the theme as a center of interest for this study of PISA
2015 arises not only due to its novelty, but also to the fact that EK,
whose referents are the contents of philosophy, sociology, and history
of science, currently constitutes an important research line in science
education (Matthews, 2014).
As shown by the data of Table III, Spain achieved good results in the
EK index –among the first countries– a fairly important place, much better
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than the place achieved in the results for the global science performance,
as compared with other countries.
The main finding of PISA 2015 is the sound positive relation between
students’ EK and their science performance. The students whose EK
agrees more with the current conceptions about the nature of science
achieve higher global science performance. This outcome shows an
undisputable and close association between the two variables that is very
important for the research on the nature of science, because it provides
empirical evidence for a widespread thesis among researchers, namely:
a better understanding of the EK themes leads to an improvement in
the understanding of other science themes (procedural and knowledge
contents). Therefore, the positive relation between science performance
and EK found in PISA 2015 is relevant because it adds unequivocal and
systematic empirical evidence of this widely held hypothesis (Lederman,
2008). However, this outcome cannot be interpreted as evidence of a
causal relation between them.
The six sentences that valued EK in PISA 2015 are simple and easy, as
some researchers suggested for EK (Matthews, 1998), but this characteristic
can also make them susceptible to criticisms. Their wording is so simple
that it would allow the students to easily find examples to confirm their
agreement with each sentence, thus eliciting easy agreement; in contrast,
the students would not so easily find counterexamples that might induce
their disagreement. This interpretation could explain the high rates of
agreement obtained, whose proximity to unanimity turns them also into
a surprising outcome in research. A similar answer of high agreement
about change in science was also obtained in another study with a
related, though more elaborated, sentence (Scientific knowledge changes
because old knowledge is reinterpreted in the light of new discoveries;
therefore, scientific facts may change) about the same issue (VázquezAlonso, Manassero-Mas & Talavera, 2010).
At the same time, the design of the EK assessment exhibits some
limitations (scarce number of measurement items), whose consideration
should contribute to a better contextualization of the results. It is well
known that a low number of measurement items decreases the assessment
reliability; overall, EK is assessed through six phrases that cover two EK
issues (change and empirical evidence), whose improvement requires
increasing them, obviously.
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The results about EK should also be taken with caution due to the
potential lack of linguistic equivalence of the six phrases, among the
multiple languages of the many countries to which they were translated
to assess students’ EK. These elements could not have been understood in
the same way across the different languages, which may have an unknown
impact on the mean index and, as a consequence, on the classifications
of the countries. In addition, the lower response rate to the questionnaire
of antecedents, where the six EK phrases were placed, could be affecting
the international comparisons to an unpredictable extent. For this reason,
the measures and differences among the countries derived from the EK
scale should be interpreted with caution, as it is not possible to ensure its
concurrent validity across languages and countries with the same rigor
as for the tests.
The forced amalgamation of EK and procedural knowledge in a
single variable, which PISA 2015 justifies by not ensuring its validity
and reliability by taking them separately, due to its low number of items
(barely 10% of the total), could be controversial. From the perspective
of research, procedural knowledge and knowledge about the nature of
science (EK) are considered clearly different concepts. Consequently, their
confusion is detrimental to clarify their respective teaching and learning,
as well as the potential results of research (Lederman & Lederman, 2012).
The results referring to the relation of EK with other variables show
that it is positive, in particular, with research-based teaching in educational
systems where the students reported they were frequently exposed to it.
As research-based teaching enables students to perform more scientific
practices, it seems very likely interpreting that these practices may induce
students’ better epistemic understanding, although epistemic issues had
not been taught explicitly. However, it should be noted that these students
do not achieve better science content knowledge, reproducing the same
PISA 2006 pattern; a more extensive justification of this apparently
contradictory outcome can be seen in Romero-Ariza (2017).
Lastly, the lack of relation between the teaching staff’s qualification
and the students’ performance is consistent with studies that claim that
having highly qualified teachers is not sufficient to enhance learning
(Hanushek, Piopiunik & Wiederhold, 2014; Palardy & Rumberger, 2008).
In sum, although the positive association between students’ EK and
their science performance seems consolidated, the problematic reliability,
the cross-sectional nature of the data and the uncertainty about the
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cross-cultural validity of the EK scale suggest room for methodological
improvements and do not allow supporting a possible cause-effect
relationship.
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Abstract
The aim of the present research study was to determine the relative
impact of family wealth on reading performance in PISA in a sample of Latin
American countries (Brazil, Chile, Uruguay, Argentina, Mexico, Peru, Costa
Rica, Dominican Republic and Colombia) and northern European countries
(Finland, Iceland, Norway and Sweden). The study of the influence of family
wealth on reading performance is addressed in a general way by analyzing the
presence of available resources and articles in the student’s home (Homepos)
and their possible impact on reading performance. Subsequently, we examined
the relationship between students’ reading performance and more specific
socioeconomic variables, namely, family wealth (Wealth) and the number of
ICT resources available (IctRes). Multi-group regression analysis was used to
verify similarity of magnitude in the relationship between wealth indicators and
reading performance among the different countries in this study. Overall, the
results reveal a consistently stronger relationship between the wealth variables
and reading performance in the case of Latin American countries. In addition,
analysis of the non-standardized regression coefficients allows clustering the
different countries according to the points of increased reading performance
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that result from an increase in the wealth indicators. The distinction between the
Latin American group and the northern European group is more clearly seen in
the variables Wealth and IctRes than in the variable Homepos.
Key words: PISA, reading performance, family wealth, Latin America, northern
Europe.
Resumen
Este artículo presenta una investigación cuyo principal objetivo es determinar
la incidencia de la riqueza familiar en el rendimiento lector en PISA de forma
comparada en una muestra de países latinoamericanos (Brasil, Chile, Uruguay,
Argentina (BA), México, Perú, Costa Rica, República Dominicana y Colombia)
y del norte de Europa (Finlandia, Islandia, Noruega y Suecia). El estudio de la
influencia de la riqueza familiar sobre el rendimiento lector se aborda de forma
general analizando la relación de todos los recursos y artículos disponibles en
el hogar de cada estudiante (variable Homepos) y su posible incidencia en el
rendimiento lector. Subsiguientemente se estima la relación existente entre el
rendimiento lector y variables socioeconómicas más específicas referidas; por un
lado, a la riqueza familiar (variable Wealth) y, por otro, al número de recursos
de las tecnologías de la información y de la comunicación (variable IctRes).
Se ha empleado el análisis de regresión multigrupo que permite comprobar
la similitud de la magnitud de la relación entre las variables indicadoras de
la riqueza y el rendimiento lector entre los distintos países de este estudio.
Los resultados muestran que, de forma general, la relación entre las variables
relacionadas con la riqueza y el rendimiento lector es siempre mayor en el caso
de los países latinoamericanos. Adicionalmente, el análisis de los coeficientes de
regresión no estandarizados permitió identificar distintos grupos de países en
función del incremento en puntos de rendimiento lector que supone el aumento
en los indicadores de riqueza. La agrupación de países latinoamericanos, por
un lado, y del norte de Europa, por otro, se aprecia con mayor nitidez en las
variables Wealth y Ictres que en la variable Homepos.
Palabras clave: PISA, rendimiento lector, riqueza familiar, Latinoamérica,
norte de Europa.

Introduction
Educational systems are a means of regularizing the sociocultural
(Bernstein, 1989; Bourdieu & Passeron, 2001) and economic (Goldthorpe,
2000) differences in a population. Each country, within the different
types of welfare state regimes, takes different measures to help establish
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equal opportunity (Rodríguez, 2004); educational systems are among the
public institutions that seek to improve living conditions and promote
equal opportunity (Barr, 1998, 2001).
Notwithstanding, an increasing number of studies (Unesco, 2015)
point to additional factors, beyond the educational system, that account
for between-country differences in matters such as school failure,
dropout, level of basic competencies, and so on. For example, educational
disparity improves when there is a clear decrease in social inequalities
(Shavit & Blossfeld, 1993), as in Sweden. In order to explain these
differences, one takes into account other aspects, under the categories
of social, cultural and technological factors. Thus, analyzing the impact
of socioeducational factors on students’ academic performance is one
way to look for solutions that may improve academic outcomes and
the quality of educational systems. Understanding the impact of these
factors and their proper interpretation can help guide macro- and
micro-educational policies and help us understand why they succeed
or fail, and thus be able to improve teaching-learning processes, and by
extension, the quality of education that students receive. The impact of
factors on students’ reading comprehension has been widely investigated
(Carlisle, Correnti, Phelps, & Zeng, 2009), and even more so since
reading became the object of international macro-studies like PISA and
PIRLS (Mullis, Kennedy, Martin, & Sainsbury, 2006; OCDE, 2010, 2013).
These international macro-assessments analyze the possible factors that
influence students’ reading performance by examining characteristics of
(1) individual students and their families, (2) teachers and schools, and
(3) educational systems.
Analysis of educational systems and schools directly affects educational
policy, and consequently, a number of different variables are included,
with significant between-country variation. By contrast, the individual
characteristics of each student, as well as their family environment or
gender, are independent from educational systems. Analyzing and
understanding their effect may have significant impact in improving
reading performance, and it may be possible to extrapolate the results
to other educational systems (Foorman & Moats, 2004). We must keep in
mind that reading, and a critical understanding of what one reads, is a
cross-cutting competency that can significantly affect students’ academic,
social and vocational future (Coulombe, Tremblay, & Marchand, 2004;
Vázquez-Cano, 2017).
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This study seeks to ascertain, within the context of the PISA study
(OECD, in press), the impact of family wealth on students’ reading
performance, and how it differs between two large blocks of countries,
northern Europe and Latin America. Establishing these comparisons can
help us identify whether family wealth influences reading performance
in very different sociocultural and geographic settings, regardless of the
educational system, and be able to decide on measures that promote
reading development.

Reading literacy and PISA
Reading literacy is the ability to deal with information that is codified in
printed texts (Perfetti & Marron, 1998), it is the skill of reading, writing,
comprehending, interpreting and discussing different texts in multiple
contexts (International Reading Association, 2012). It is therefore essential
to students’ academic performance in different subjects that together make
up their pre-university development (Holloway, 1999). How we conceive
and comprehend reading literacy has varied over the past decades, in line
with the sociocultural and technological changes of the information and
communication society. In this sense, reading literacy is associated with
lifelong development, and is no longer considered to be an ability acquired
in early years and perfected in adolescence. On the contrary, reading
literacy must continue throughout one’s lifetime, allowing the individual
to adapt to the different formats, forms of interaction and physical or
virtual media that provide access to reading and to texts. Today more than
ever, reading is not only an individual process, but a collective process that
requires metacognitive processes that undergo continuous restructuring
(Bruner, 1990; Schiefele, Schaffner, Möller, & Wigfield, 2012), especially
due to the continuous changes in information access that technologies of
information and communication bring about (Leu, 2007).
Consequently, we have shifted from the passive reader who only
received information from printed texts in the 20th century, to an active
reader who has access to unlimited digital and printed material, requiring
new cognitive strategies, and who moreover is able to produce content
in response to the texts he or she reads (Dole, 2004; OECD, 2010). When
reading, the individual creates meaning in response to the text being
read, relying on his or her sociocultural and linguistic knowledge to do
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so. In this process, the reader must draw on different, diverse discourse
strategies and on comprehension and decodification skills, which will
enable him or her to grasp the meaning and intention of the texts, often
from interpreting discontinuous or fragmentary text, as when reading
micro-blogging or social networks (Vázquez-Cano, Mengual-Andrés, &
Roig-Vila, 2015).
The determination of reading literacy in international macro-studies
is carried out from a linguistic and social perspective. PIRLS defines
reading competence of students in fourth grade as: “the ability to
understand and use those written language forms required by society
and/or valued by the individual” (Mullis et al., 2006, p. 3). Young readers
can construct meaning from very different types of texts. They read to
learn, to participate in reading communities inside and outside of school,
and for pleasure. In this line of thinking, PISA defines reading literacy for
fifteen-year-olds as: “an individual’s capacity to understand, use, reflect
on and engage with written texts, in order to achieve one’s goals, to
develop one’s knowledge and potential, and to participate in society”
(OECD, 2014, p. 2; OECD, 2016).
The PISA 2015 study assesses students’ reading literacy, keeping
in mind that it constitutes a point of reference and a fundamental
requirement for these students’ future success (Britt, Goldman, & Rouet,
2012; Murnane, Sawhill, & Snow, 2012). In fact, adequate reading literacy
is needed for the person to actively participate in their community and in
their own personal life. Similarly, it becomes an asset for the economy and
for the social progress of nations, given that citizens with solid literacy
competencies contribute to the general development of the country in all
its facets, including but not limited to the social, cultural, economic, and
scientific (Coulombe, Tremblay, & Marchand, 2004).
Assessment of reading literacy in PISA is addressed from a
multidimensional perspective, where multiple variables and factors
converge. The test is thus designed to take into consideration three large
areas: situation, text and aspect. For situation, the base document is the
“Common European Framework of Reference” (CEFR), developed by the
Council of Europe (1996), where four possible situations are proposed,
and a certain percentage of items are associated with each: personal
(30%), public (30%), educational (25%) and work-related (15%). The PISA
reading scale is also divded into literacy levels, which differentiate and
describe what the student is normally expected to carry out, associating
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tasks with different levels of difficulty (OECD, 2009; 2015). Reading
literacy in PISA is structured into 7 levels ranging from 1 (262 points) to
6 (698 points).

Family wealth and its influence on reading literacy
In research from recent years, possessions within the home has been
taken as an indicator of family wealth (Spiezia, 2010; Traynor & Raykov,
2013). Although students’ socioeconomic context and their schools may
have an impact on academic performance, a low level socioeconomic
context does not necessarily imply that academic outcomes are lower
than average (OECD, 2010). Furthermore, possible influence from the
socioeconomic context may be neutralized by the positive influence of
the academic context of schools (Marks, 2010). A family’s possessions
within the home are considered to represent a more reliable measure of
wealth than other macroeconomic indicators.
Research from the late 20th century approached the family environment
from the ecological perspective (Bronfenbrenner, 1979). This theory
considers that a child’s learning is affected by factors of family wealth
and interaction, along with diverse contextual factors (Bronfenbrenner &
Morris, 1998). The home, as the child’s primary context, offers the first
moment of access to reading, in a primary interaction process called the
“approximation process”. The approximation process is complemented
by the child’s outside relationships and socioeducational context,
referred to as the “family niche” (Super & Harkness, 1986). This niche is
made up of the surrounding culture, the context of family interactions,
the spatial context, and the possessions that are available in the home.
This make-up affects the beginning and later development of knowledge
and of reading (Beals & DeTemple, 1993). The impact of the family has
been considered a powerful conditioning factor in students’ academic
performance (Bronfenbrenner, 1994; Harkness, Super, Barry, Zeitlin, &
Jennipher, 2009, p. 34). Context has been shown to be an influential
factor in improving reading literacy in developed countries (Farver, Xu,
Eppe, & Lonigan, 2006).
Similarly, studies that analyze the influence of the family environment
in developing countries and with minority populations have also produced
positive results (Aram & Levin, 2002; Ngorosho, 2011). Knowing that the
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reading process is acquired through a visual perception process, where
orthographic decodification is fundamental (Gough, Juel & Griffin,
1992), it is considered foundational that the child be exposed to reading
materials where he or she visualizes and approaches the concept of
reading (Farver et al., 2013; Justice & Sofka, 2013). The school and home
contexts are highly significant in the acquisition and perfection of reading
literacy, and positive interrelations seem to support better outcomes in
development of reading literacy (Bronfenbrenner, 1994; Epstein, 2001).
Although the school is considered to be the context with the greatest
impact on developing reading skills, the role of the home has also been
highlighted in the initial stages of acquiring reading and writing (Evans,
Shaw, & Bell, 2000).
The first manifestations of reading take place at home (Neuman &
Dickinson, 2002), and the family later complements the school’s work
in the area of reading, as well as its social, affective and academic
experiences (Farver, et al., 2006; Klauda & Wigfield, 2012). The home
becomes a context of “emergent literacy” (Sulzby & Teale, 1991), this is
the space where the child begins his or her reading development. Later
on, both the possessions and the relationships found in the home and
in the environment influence the development of reading (Roth, Speece,
& Cooper, 2002). For this reason, homes where reading is formally
promoted, but above all informally encouraged, have a positive influence
on the development of reading literacy among children and adolescents
(Kirby & Hogan, 2008; Reese & Gallimore, 2000). By contrast, in homes
with lower economic income, lower parental education, and fewer
possessions, students’ level of reading literacy and academic development
is reduced (McLoyd, 1998; Farver, et al., 2006).
Likewise, students from families with a low wealth index may suffer
from low self-esteem and a disadvantaged environment, affecting their
academic development (Blacksher, 2002). The scientific literature has
shown that family wealth may be considered a predictive variable of
academic performance. Low family wealth may be responsible for less
parental involvement in the children’s teaching-learning processes (Zhao,
Valcke, Desoete, & Verhaaeghe, 2011). Studies carried out between 1918
and 1975 show a mean correlation as high as 0.34 (Sirin, 2005), although
this incidence varies substantially from one country to another (Zhao et
al., 2011). In PISA 2009 (OECD, 2010), which preferentially measured
students’ reading performance, countries with greater wealth obtained
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better reading scores, despite numerous exceptions. As we can observe,
the research studies show that family context and family wealth have a
significant impact on scholastic achievement, as a general rule, although
the exceptions and disparities are many (Breen & Jonsson, 2005).
Similarly, we have seen that academic performance not only depends
on the school, but also on the socioeconomic context of the student
(OECD, 2005). The effect of this socioeconomic context on students’
academic performance has been a controversial aspect, with divergent
results appearing in the late 20th century and the first years of the 21st
century (Tomul & Celik, 2009). Results from PISA 2015 show that all
Latin American countries fall below the OECD average for reading (<493
points). The vast majority of northern European countries, however,
place above this level. In addition, the evolution of reading performance
in PISA results over the years 2000-2012 shows that northern European
countries have maintained their results in reading, while Latin American
countries have risen slightly. Indication of the influence of family wealth
on reading results is very divergent among OECD countries, and a clear
pattern of influence cannot be identified in PISA assessments since the
year 2000 (OECD, 2014).
In PISA 2015, family wealth was measured using the variable Homepos,
which grouped 13 items into the ST011 variable, to which 3 more items
specific to each country were added, in order to contextualize family wealth.
Additionally, the items from variables ST012 and ST013 were included,
referring to possessions and books in the student’s home. These variables
are structured into four categories in the questionnaire: a) possessions
related to family wealth (Wealth), b) cultural possessions (CultPos), c)
educational resources at home (Hedres), and d) possessions in the home
related to information and communication technologies (IctRes).

Methodology
The main objective of this study was to determine the relative impact and
possible significance of family wealth in students’ reading performance,
comparing two different socioeducational, cultural and economic contexts
(Latin American and northern European countries). Four variables were
to be considered: a) possessions relating to family wealth (Wealth),
b) cultural possessions (CultPos), c) educational resources at home
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(Hedres), and d) household possessions relating to information and
communication technologies (IctRes). For this purpose, we began with
the following hypothesis: “the possession of resources and articles in the
student’s home (Homepos) along with the level of family wealth (Wealth)
and the number of resources related to information and communication
technologies (IctRes) will have a more pronounced impact on the reading
performance of students from Latin American countries”.

Sample
The sample used for this study was constructed from PISA 2015 data
(OECD, in press-a, -b), using data from the student questionnaire.
Specifically, this study used data for northern European countries
(Finland, Sweden, Iceland and Norway) and Latin American countries
(Brazil, Chile, Uruguay, Argentina [Buenos Aires], Mexico, Peru, Costa
Rica, Dominican Republic and Colombia). Composition of the final
sample, according to country, can be seen in Table I.
TABLE I. Final sample composition.
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Countries

n

Percentage

Brazil

46282

23.5

Chile

7053

3.6

Colombia

23590

12.0

Costa Rica

13732

7.0

Dominican Republic

9480

4.8

Finland

17646

9.0

Iceland

6742

3.4

Mexico

15136

7.7

Norway

10912

5.5

Peru

13942

7.1

Sweden

10916

5.5

Uruguay

18186

9.2

Argentina (B.A.)

3314

1.7

Total

196931

100.0
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The persons who participated in this study may be considered
representative of 15-year-old students that are enrolled in school
in each country. Each of the participating countries guaranteed the
representativeness of its respective samples using specific strata (for an
in-depth report on the sampling and final selection process, see OECD,
in press-b).

Variables
The reading performance variable was calculated using the average of
10 possible values for each student’s reading performance. This variable
reflects the degree to which students are able to use their reading ability
to understand and interpret different types of written materials, so that
we may determine what level of reading performance they use in meeting
their goals, participating in society, and developing their own knowledge
and potential (OECD, in press-a). Reliability of the average score for
each country, as measured by Cronbach’s alpha, was over .98 in all cases
(psychometric properties of the reading performance test can be found
in OECD, in press-b). In addition, variables related to wealth in the home
were established. The composition of each variable can be seen in Table
II (the procedure for calculating total score, and psychometric properties,
can be found in OECD, in press-b).
The Homepos variable is an abstract indicator of all the available
resources and articles that exist in each student’s home. It is composed of
indicators related to family wealth (Wealth), cultural possessions (CultPos),
educational resources (HedRes) and ICT resources (IctRes). The “Wealth”
variable is used as an indirect indicator of mean family wealth, based
on assets available in the student’s home. The “IctRes” variable indicates
the number of Information and Communication Technology (ICT)
resources. The last two indicators were used to determine specifically
whether a family’s economic capacity exercises differential influence on
students’ reading performance. The “CultPos” and “HedRes” variables
were excluded from the analysis, having been considered less specifically
related to family wealth (i.e. the economic capacity needed to acquire
any of the resources in the “Wealth” and “IctRes” variables is necessarily
greater in any country than that required for resources reflected in the
“CultPos” and “HedRes” variables).

Revista de Educación, 380. April-Jun 2018, pp. 122-147
Received: 30-05-2017 Accepted: 12-01-2018

131

Sayans-Jiménez, P., Vázquez-Cano, E., Bernal-Bravo, C. Influence of family wealth on student reading performance in PISA

TABLE II. Composition of the variables used in this research study.

ID

Item

Items used to measure the
index
Homepos

ST011Q01TA

Desk for study

X

ST011Q02TA

Own bedroom

X

ST011Q03TA

Quiet place to study

X

ST011Q04TA

A computer for doing school assignments

X

ST011Q05TA

Educational Software

X

ST011Q06TA

Internet connection

X

ST011Q07TA

Classical literature (e.g. Shakespeare)

X

ST011Q08TA

Poetry books

X

ST011Q09TA

Works of art (e.g. paintings)

X

ST011Q10TA

Books to help with school assignments

X

ST011Q11TA

Technical reference books

X

Wealth IctRes
X

X
X

X

ST011Q12TA

A dictionary

X

ST011Q16NA

Books about art, music or design

X

ST011Q17TA

Item 1 of country-specific wealth

X

X

ST011Q18TA

Item 2 of country-specific wealth

X

X

ST011Q19TA

Item 3 of country-specific wealth

X

X

ST012Q01TA

Televisions

X

X

ST012Q02TA

Cars

X

X

ST012Q03TA

Rooms with a bath or shower

X

X

ST012Q05NA

Cell phone with Internet access (e.g. smartphone)

X

X

X

ST012Q06NA

Computers (tabletop or laptop computers)

X

X

X

ST012Q07NA

Tablet (e.g. iPad®, BlackBerry®, PlayBookTM)

X

X

X

ST012Q08NA

E-reading devices (e.g. Kindle , Kobo, Bookeen)

X

X

X

ST012Q09NA

Musical instruments (e.g. guitar, piano)

X

ST013Q01TA

How many books are in your house?

X

TM

Procedure
The data collection procedure is described in detail in OECD (in
press-b). The relationship between reading literacy and each of the home
wealth indicators was analyzed using linear regressions for each of the
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countries. This type of analysis, within the framework of multi-group
analyses, makes possible a statistical comparison of the magnitude of
the relationship between the two types of variables in all the countries
included in this study. In addition, this type of multi-group analysis
is highly useful for discovering whether there are between-country
similarities in the magnitude of the relationships between the study
variables. In this way, countries can be grouped together where the
magnitude of the relationship between reading performance and home
wealth indicators is similar.
First, all the descriptive statistics for each variable were calculated
according to country. An ANOVA with post hoc comparisons and
Bonferroni correction was carried out in order to determine whether there
were statistically significant differences in the means of variables related
to wealth, as a function of country. Next, correlations were calculated
between all the variables related to wealth, as a function of country. Finally,
multi-group simple regression analysis was used to verify the predictive
capacity of scores related to home wealth on reading performance scores
in each country. The original structure of these analyses suggested a
simple regression analysis with the “Homepos” variable and a multiple
regression analysis using the variables “Wealth” and “IctRes”; however,
given the high collinearity of these last two variables, we decided on
univariate analyses exclusively. Missing cases were treated using the Full
Information Maximum Likelihood procedure.
Comparison of the moderating effect of “country” on relations
between home wealth variables and reading performance was performed
by contrasting an unconstricted model of the regression coefficients
with increasingly restrictive nested models (i.e., with a greater level of
regression coefficients fixed as equal between different countries). Two
criteria were followed in advancing toward the more restrictive models:
similarity between non-standardized regression coefficients and a group
distinction between northern European and Latin American countries.
The unconstricted models were identified as “Homepos-Free”, “WealthFree”, “IctRes-Free”. The models with maximum invariance between
countries were identified as: “Homepos-Invariant”, “Wealth-Invariant”,
“IctRes-Invariant”. Estimation of 95% confidence intervals was carried
out by applying the delta method (Raykov & Marcoulides, 2004).
Model fit was verified using the Comparative Fit Index (CFI) and the
Chi-square test. CFI values greater than .95 are indicators of good fit
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(Hu & Bentler, 1999). Following the recommendations of Cheung and
Rensvold (2002), neither statistically significant nor practical differences
were considered to exist when CFI differences between models were
less than .01. All analyses were carried out with MPlus v7.0 (Muthén &
Muthén, 1998-2011).

Results
Descriptive statistics of all wealth-related variables can be seen in
Table III. With regard to our study objective, a simple analysis of the
descriptive statistics seems to reveal, grosso modo, the influence of type
of country (i.e. Latin American vs. northern Europe) on the distribution
of each variable. In addition to greater maximum and average scores on
all variables in northern European countries, one can also note the effect
that type of country exercises on the different dispersion of variables.
In general, northern European countries show greater dispersion in
reading performance scores, and lesser dispersion in variables related to
wealth. Generally speaking, the three variables related to wealth showed
statistically significant differences according to country: Homepos F
(12, 191985) = 7770.60, p < .001, Wealth F (12, 190891) = 7326.99, p <
.001, IctRes F (12, 189438) = 7415.22, p < .001. Post hoc comparisons
confirmed that the differences between all countries in all the variables
were statistically significant (p < .01), except in the “Homepos” variable
between Argentina (B.A.) and Chile (p = .109).
Correlations of all wealth-related variables can be seen in Table IV.
These correlations reveal a strong collinearity between the variable pairs
“Homepos-Wealth” and “Wealth-IctRes”. This collinearity is a direct result
of the content shared by the three variables (see Table II), making it
unadvisable to use multivariate analyses to show us the joint, partial
relationships of each variable to reading performance. Nonetheless, we
considered it appropriate to establish the specific, separate relationship
of each of these variables to reading performance, given than they each
reflect different levels of specificity with regard to family wealth.
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TABLE III. Descriptive statistics, by country, of the study variables.
Country

Brazil

Chile

Colombia

Costa Rica

Dominican Republic

Finland

Iceland

Mexico

Variable

n

Minimum

Maximum

Mean (SD)

Homepos

43552

-8.97

5.45

-1.32 (1.10)

IctRes

42268

-3.38

3.50

-1.15 (0.96)

Wealth

43064

-7.01

4.09

-1.22 (1.09)

Rdg Performance

46275

86.92

711.10

404.69 (88.81)

Homepos

6994

-8.79

5.47

-0.37 (1.14)

IctRes

6986

-3.27

3.50

-0.46 (1.02)

Wealth

6989

-6.96

4.19

-0.38 (1.11)

Rdg Performance

7053

185.75

712.37

475.69 (83.57)

Homepos

23134

-9.01

3.66

-1.38 (1.26)

IctRes

23006

-3.38

3.50

-1.09 (1.14)

Wealth

23072

-7.18

4.10

-1.36 (1.29)

Rdg Performance

23590

131.80

693.91

436.11 (82.31)

Homepos

13452

-6.70

5.26

-1.23 (1.15)

IctRes

13384

-3.27

3.50

-0.90 (1.00)

Wealth

13424

-6.94

4.10

-1.16 (1.13)

Rdg Performance

13732

180.01

701.28

427.07 (72.46)

Homepos

9390

-9.10

3.57

-1.58 (1.21)
-1.39 (1.09)

IctRes

8944

-3.38

3.50

Wealth

9204

-6.98

4.09

-1.57 (1.27)

Rdg Performance

9478

101.06

632.71

362.48 (78.79)

Homepos

17466

-8.75

5.17

0.13 (0.71)

IctRes

17451

-3.27

3.50

0.11 (0.73)

Wealth

17457

-6.98

4.13

0.17 (0.73)

Rdg Performance

17644

79.53

749.22

527.85 (87.58)

Homepos

6578

-5.70

5.42

0.51 (0.71)
0.39 (0.79)

IctRes

6572

-3.27

3.50

Wealth

6574

-3.26

4.08

0.28 (0.67)

Rdg Performance

6742

134.44

781.04

482.6 (92.81)

Homepos

15024

-8.94

4.18

-1.52 (1.30)

IctRes

14948

-3.38

3.50

-1.34 (1.15)

Wealth

14986

-6.95

4.11

-1.42 (1.37)

Rdg Performance

15136

178.73

675.23

429.21 (71.4)

Revista de Educación, 380. April-Jun 2018, pp. 122-147
Received: 30-05-2017 Accepted: 12-01-2018

135

Sayans-Jiménez, P., Vázquez-Cano, E., Bernal-Bravo, C. Influence of family wealth on student reading performance in PISA

Norway

Peru

Sweden

Uruguay

Argentina

Homepos

10638

-8.75

5.14

0.63 (0.80)
0.61 (0.83)

IctRes

10604

-3.27

3.50

Wealth

10616

-6.98

4.09

0.60 (0.80)

Rdg Performance

10912

54.31

807.14

513.36 (92.21)

Homepos

13886

-9.48

5.26

-1.71 (1.33)

IctRes

13756

-3.38

3.50

-1.61 (1.17)

Wealth

13788

-6.97

4.09

-1.90 (1.42)

Rdg Performance

13939

131.59

661.20

398.94 (83.96)

Homepos

10756

-8.75

5.40

0.42 (0.90)

IctRes

10718

-3.27

3.50

0.50 (0.96)

Wealth

10736

-7.00

4.44

0.49 (0.90)

Rdg Performance

10915

149.73

758.09

500.02 (94.97)

Homepos

17898

-8.86

5.28

-0.80 (1.01)

IctRes

17598

-3.38

3.51

-0.67 (0.94)

Wealth

17772

-7.07

4.19

-0.81 (0.97)

Rdg Performance

18186

161.40

724.98

438.39 (91.17)

Homepos

3230

-4.01

3.11

-0.45 (0.99)

IctRes

3216

-3.27

3.50

-0.33 (0.86)

Wealth

3222

-3.85

4.28

-0.48 (0.96)

Rdg Performance

3314

203.72

674.14

472.36 (82.13)

The standardized and non-standardized regression coefficients and
the confidence intervals (95%) of all the models can be seen in charts I, II
and III. In addition, the values of the standardized regression coefficients
of the invariant models can be seen in Table IV.
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TABLE IV. Correlations between the independent variables and regression coefficients of the
invariant models, according to country.

0.91

.33 (.32:.33)

n

42268

43057

IctRes

.32 (.31:.32)

n

42261

Homepos

0.90

0.37

n

6986

6957

6994

0.90

.36 (.35:.36)

n

6986

n

0.34

23006 22828

.41 (.42:.40)

.20
.13

.41 (.41:.42)

n

23006

23072

IctRes

.40 (.39:.40)

n

23006
0.90

0.42

13384 13212

.42 (.42:.43)

0.90

.41 (.41:.42)

n

13384

13424

IctRes

.40 (.39:.41)

n
0.90

0.33

.31 (.30:.32)

n

8944

8536

9388

Wealth

0.90

.34 (.33:.36)

n

8944

9202

IctRes

.39 (.38:.40)

n

8942

0.91

0.36

n

14948

R2

.36 (.35:.37)

.13

14832

15024

Wealth

0.91

.31 (.30:.32)

n

14948

14986

IctRes

.33 (.32:.34)

n

14948

Homepos

0.80

0.24

n

10604

.23 (.24:.23)

10452

10638

Wealth

0.80

.00 (-.01:.01)

n

10604

.02 (.01:.03)

Homepos

0.90

0.25

n

13756

13686

13883

.17

Wealth

0.90

.47 (.46:.47)

n

13756

13785

n

.16
.18
.17

IctRes

.51 (.50:.52)

n

13754

Homepos

0.81

0.23

.25 (.25:.26)

n

10718

10382

10755

Wealth

0.81

.00 (-.01:.01)

n

10718

10735

IctRes

.10

Homepos

.02 (.01:.031)
0.90

0.39

.37 (.36:.37)

n

17598

16374

17898

Wealth

0.90

.29 (.29:.28)

n

17598

17772

n

.15

.11
.05
.00
.00

10604
.52 (.51:.53)

.16

.12

.10

10616

.17

13384

Homepos

Homepos

Reading

IctRes

13452

Wealth

Wealth IctRes

.13

23134

0.92

n

.10

6986
0.92

Wealth

Homepos

.11

6989
.36 (.35:.36)

n

Colombia

.45 (.44:.46)

Wealth

Homepos

Costa
Rica

43545

Wealth

IctRes

Dom. Rep.

.11
Mexico

42268 40218

.33 (.33:.33)

Country

Norway

0.29

R2

Peru

Chile

Brazil

n

0.91

Reading

Sweden

Homepos

Wealth IctRes

Uruguay

Country

.27
.22
.26
.06
.00
.00

10717

IctRes

.30 (.30:.31)

n

17598

.13
.08
.10
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Finland

n

0.83

0.20

.22 (.22:.21)

17451 17298

Wealth

0.83

n

17451

17464
.00 (.01:-.01)

.00

17455

IctRes

.02 (.02:.01)

n

Iceland

.05

.00

17449

Homepos

0.72

0.20

n

6572

6546

Wealth

0.72

n

6572

.20 (.21:.20)

Argentina

Homepos

Homepos

0.88

0.34

n

3216

.40 (.39:.41)

3194

3230

Wealth

0.88

.32 (.31:.32)

n

3216

.16
.10

3222

IctRes

.31 (.30:.31)

n

3216

.10

.04

6578
-.14 (-.12:-.16) .02
6574

IctRes

.02 (.02:.01)

n

6572

.00

Note. All correlations were statistically significant, p < .001

Initial and final model fit is shown in Table V.

TABLE V. Regression model fit.
Independent
Variable
Homepos
Wealth
IctRes

Model

χ2

Homepos-Free

0.001

Homepos-Invariant

130.331

Wealth-Free

0.008

Wealth-Invariant

180.349

IctRes-Free

0.001

IctRes-Invariant

158.285

∆ χ2

df ∆df

CFI

0

1.000

130.330 10

10

0
180.341

8
9

.005

1.000
8

0
158.285

.995

∆CFI

.992

.008

1.000
9

.993

.007

Note. χ2 = Chi-square test; ∆χ2 = differences in Chi-square; df = degrees of freedom; ∆df = differences in degrees of freedom; CFI = comparative fit index; ∆CFI = differences in comparative fit index.
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CHART I. Regression coefficients for the Homepos variable.
Nonstandardized Homepos-Free

Nonstandardized Homepos-Inv
no estandarizado
Sweden

Sweden
Norway

Norway

Iceland

Iceland

Finland

Finland

Mexico
Dom. Republic

Mexico
Dom. Republic

Argentina

Argentina

Uruguay

Uruguay

Chile
Peru

Chile
Perú

Costa Rica

Costa Rica

Colombia

Colombia

Brazil
11

16

21

Brazil

26

31

36

11

16

21

Finland

36

Norway
Iceland
Finland

México
Dom. Republic
Argentina
Uruguay
Chile
Perú
Brazil

0

31

Sweden

Sweden
Norway
Iceland

26

Standardized Homepos -Inv

Standardized Homepos -Free

0,2

México
Dom. Republic
Argentina
Uruguay
Chile

Costa Rica
Colombia

Brazil

0,4

0,6

0

0,2

Perú

Costa Rica
Colombia

0,4

0,6

CHART II. Regression coefficients for the Wealth variable.
Non-standardized Wealth-Free

Non-standardized Wealth -Inv

Sweden
Iceland

Sweden
Norway
Iceland
Finland

Norway
Finland

México
Dom. Republic

México
Dom. Republic

Argentina
Uruguay
Chile
Perú

Argentina
Uruguay
Chile

Costa Rica
Colombia
Brazil
-22

-2

18

38

-0,2

Sweden
Norway
Finland

0

0,2

Iceland

-2

México
Dom. Republic
Argentina
Uruguay
Chile
Perú

18

0,6

Sweden
Norway
Finland

México
Dom. Republic
Argentina
Uruguay
Chile
Perú

Costa Rica
Colombia
Brazil
-22

0,4

Standardized Wealth -Inv

Standardized Wealth -Free

Iceland

Perú

Costa Rica
Colombia
Brazil

Costa Rica
Colombia
Brazil
38

-0,2

0

0,2

0,4

0,6
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CHART III. Regression coefficients for the IctRes variable.
Non-standardized IctRes -Inv

Non-standardized IctRes -Free
Sweden
Norway
Iceland
Finland

Sweden
Norway
Iceland
Finland

México
Dom. Republic
Argentina
Uruguay
Chile
Perú

México
Dom. Republic
Argentina
Uruguay
Chile

Costa Rica
Colombia
Brazil
-22

-2

18

38

-0,2

-22

-2

0,2

Sweden
Norway
Iceland
Finland

México
Dom. Republic
Argentina
Uruguay
Chile
Perú
Costa Rica
Colombia
Brazil
18

0

0,4

0,6

Standardized IctRes -Inv

Standardized IctRes -Free
Sweden
Norway
Iceland
Finland

Perú

Costa Rica
Colombia
Brazil

38

México
Dom. Republic
Argentina
Uruguay
Chile
Perú
Costa Rica
Colombia
Brazil

-0,2

0

0,2

0,4

0,6

Comparison with results obtained on former PISA reports
A low impact of the “Wealth” variable had been found previously in
comparative studies of European countries, and family context was not
shown to be a highly significant variable in the educational performance
of students in northern Europe (Ammermüller, 2004). Groupings indicate
similarities in the non-standardized regression coefficients among the
group’s member countries, in other words, increasing the independent
variables by one unit leads to exactly the same increase in reading
performance within each group. However, the lesser dispersion of the
home wealth variables and the greater dispersion in reading performance
in northern European countries translates generally to lower standardized
regression coefficients (i.e., correlation) than those of Latin American
countries. These results are partially confirmed in PISA 2009 (OECD,
2010), where countries like Chile, Argentina and Uruguay, along with
Bulgaria and Turkey, whose reading results are lower than average, the
impact of variables associated with family wealth were substantially
more significant.
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The effect of socioeconomic variables and family wealth on students’
academic performance has been shown to be very uneven among OECD
member countries (2005); for example, in earlier studies, the impact in
Germany accounted for 23% of the student’s scholastic performance,
while in Japan it was only 12% (Wößmann, 2004; OECD, 2005).
Similarly, differences in reading performance attributed to the school’s
socioeconomic context did not exceed 30% in Nordic countries, while
in the remaining OECD countries we find 57% (OECD, 2010). In Latin
American countries, mainly Chile, Mexico, Peru, Colombia and Argentina,
between-school differences are much greater and produce greater
variability and impact on reading results (OECD, 2010).

Discussion
This study began with the hypothesis that possession of resources
and articles available in the student’s home (Homepos variable), along
with the level of family wealth (Wealth variable) and the number of
ICT resources available to the student (IctRes), would have a more
pronounced impact on reading performance in students from Latin
American countries. Results confirm this initial hypothesis. The process
of comparing regression coefficients between the different countries
showed that, overall, variables related to home wealth in countries from
northern Europe have less of an effect (and a similar effect) on reading
performance than what is seen in Latin American countries.
Regression of reading performance on the Homepos variable revealed
three groups of countries as a function of nonstandardized regression
coefficients. In order from greatest to least influence of the Homepos
variable, the groups are: 1) Argentina, Uruguay, Chile and Peru; 2)
Sweden, Norway, Iceland, Finland, Costa Rica, Colombia and Brazil;
3) Mexico and Dominican Republic. These results also confirm those
found in PISA 2009 (OECD, 2010: p. 44) where Peru, Uruguay and Chile
had higher values than the other countries in influence of the variables
“cultural possessions and books at home” and “educational resources
at home” on student reading performance. Likewise, possessions in the
family home demonstrated a moderate mean relationship (β = .30, R2 =
.09) on reading results in PIRLS 2006 (Brese & Mirazchiyski, 2010). In
PISA 2006, the Homepos variable had a correlation index of .28 with
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reading results, with an 8% explained variance (Brese & Mirazchiyski,
2010). Moreover, in earlier comparative studies (2000-2003) of the impact
of Homepos, under the name of “possessions in the home”, the variable
proved to have the greatest predictive power on reading performance in
United States, Korea and Germany (Schulz, 2005).
With respect to the nonstandardized influence of the Wealth variable,
five groups were found (from greatest to least influence): 1) Argentina,
Uruguay, Chile, Peru, Costa Rica, Colombia and Brazil; 2) Dominican
Republic; 3) Mexico; 4) Sweden, Norway and Finland; 5) Iceland. Finally,
regarding the IctRes variable, four groups were found as a function of
their nonstandardized influence on reading performance: 1) Peru; 2)
Argentina, Uruguay, Chile, Costa Rica, Colombia, Brazil and Dominican
Republic; 3) Mexico; 4) Sweden, Norway, Iceland, Finland.
Taken together, the results of this study justify the claim that the
influence of variables related to family wealth on reading performance
is systematically greater in Latin American countries than in northern
European countries.
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Abstract
In line with previous results, the 2015 edition of the PISA programme shows
that one of the main problems with the Spanish education system is that almost
20 % of students are in the lower two proficiency levels and only 5 % of students
achieve the highest levels of competence in science.
This paper first aims to characterize the extreme student proficiency groups
from PISA 2015 Science. Secondly, it aims to identify variables with a significant
impact on these groups’ proficiency to create information that allows intervention
by educational authorities or schools.
To do so, a secondary analysis is performed on the PISA 2015 Spanish
students database. The variables analysed in this paper are indicators of different
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constructs measured in the context questionnaires administered to students,
teachers, and principals.
The results show that the variables that best differentiate between the two
extreme groups at student’ level are those relating to perceived self-efficacy in
science, interest and enjoyment of scientific issues, and epistemological beliefs
among others. At the school level, the indicator with the most impact relates to
behaviour that hinders learning. The set of variables that make up this factor
point to the importance of a school climate that favours and enhances an
adequate classroom work environment.
Key words: PISA 2015; context variables; academic achievement; science
achievement; secondary analysis
Resumen
En línea con los resultados anteriores del programa PISA, la edición de 2015
evidencia que uno de los principales problemas del sistema educativo español es
que casi el 20% del alumnado se sitúa en los dos niveles inferiores de desempeño,
y sólo 5% del alumnado consigue alcanzar los niveles más altos de competencia
en la materia de ciencias. En relación a estos datos, el objetivo de este trabajo
es doble. En primer lugar, caracterizar los grupos extremos de rendimiento en
ciencias en el alumnado evaluado en PISA 2015. En segundo lugar, identificar las
variables que tienen un impacto significativo en el desempeño de estos grupos a
fin de generar información que permita intervenciones por parte de autoridades
educativas o centros. Con esta intención se realiza un análisis secundario sobre
la base de datos de estudiantes españoles de PISA 2015. Las variables que se
analizan son indicadores de diversos constructos medidos en los cuestionarios
de contexto aplicados a estudiantes, docentes y directivos.
Los resultados muestran que las variables que más diferencian entre los dos
grupos extremos de estudiantes son las relacionadas con la autoeficacia percibida
en ciencias, el interés y disfrute por las cuestiones científicas y las creencias
epistemológicas, entre otras. En el ámbito de la escuela, el indicador con más
peso es el relacionado con los comportamientos del alumnado que dificultan
el aprendizaje. El conjunto de variables que compone este factor apunta a la
importancia de un clima escolar que favorezca y potencie un adecuado ambiente
de trabajo en el aula.
Palabras clave: PISA 2015; variables de contexto; rendimiento académico;
rendimiento en ciencias; análisis secundario

Introduction
Since 1997 The Organisation for Economic Co-operation and Development
(OECD), through its PISA programme strategy, has systematically
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evaluated the extent to which 15-year-old students in compulsory
education have acquired the knowledge and skills required to participate
actively in modern societies. This is evaluated every three years in the
fields of maths, reading comprehension, science, and financial literacy.
As in 2006, the 2015 PISA report focusses on the area of the sciences,
with the peculiarity that this was the first time it had been administered
using computers.
One of the main problems with Spain’s educational system revealed
in PISA 2015 is that there are many students in the lower achievement
levels in sciences; almost 20% are in the two lowest levels while, in
contrast, only 5% of the students attain the highest levels of competence
(Table I). Something similar happens with the other subjects evaluated in
previous editions of PISA (OECD, 2016).

TABLE I. Number of students in the PISA proficiency levels for sciences
Level of proficiency in
sciences

N weighted

N

1b

16624

1a

56633

2
3

% weighted

%

243

4,2

3,6

873

14,2

13

105055

1739

26,3

25,8

126974

2214

31,7

32,9

4

75258

1322

18,8

19,6

5

18361

324

4,6

4,8

6

1031

21

0,3

0,3

Total

399935

6736

100

100

Source: OECD (2016)

This is a worrying situation and an unresolved issue in Spanish
educational policies, as various experts have noted (Calero, Choi, and
Waisgrais, 2010; Gaviria, 2004; Tourón, 2011). Gaviria (2004) notes
that what is truly worrying in this situation is that there are very few
students in the higher levels, indicating a system with limited capacity
for social mobility (Gaviria, 2004). This issue is closely linked to equity,
as the educational system should have enough capacity to increase the
proportion of students towards the higher performance levels, and so
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a high percentage of this group of students would be an indicator of
the correct functioning of the system. Consequently, as Gaviria states
(2004), “equality, understood as homogeneity in results, should not be
an objective of educational policy. Homogeneity in itself is not desirable,
unless accompanied by very high average results. This is something
that should be an objective in political action, achieving the maximum
performance from every student” (p.58).
In this way, this piece of work asks which context variables relate to
proficiency in science of the extreme groups of students for the Spanish
sample. Its interest is in identifying the profile of the high-achieving
students and the characteristics of the schools that differentiate this
group of students in PISA 2015.

Academic performance in science
This work refers to proficiency in the field of the sciences because this is
the central subject of the 2015 PISA assessment and, consequently, many
of the context variables are intended to extract information about the
preparation of scientific competency.
Scientific literacy is defined in the PISA 2015 programme by the three
competencies shown in Figure I. It is important to note that this concept
has developed through the editions of the programme to its current
form which not only involves the command of scientific knowledge and
epistemological understanding of it, but also the attitudes that allow the
student to develop a greater awareness of questions linked to science as
a reflective, participatory, and committed citizen (OECD, 2016).

FIGURE I. Competencies required for scientific literacy
Scientific literacy

Explain phenomena
scientifically

Evaluate and design
scientific enquiry

Interpret data and evidence
scientifically

Source: OECD, 2016, p.20, 24
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To describe academic performance in sciences, PISA establishes the
seven levels of proficiency shown in Table II. Students who score below
level 2 on the tests are defined as “low proficiency”. These students
have a limited performance in familiar contexts that require limited
transferal. At the other extreme, students with results from levels 5 and 6
express themselves fluently using scientific language, interpret and solve
complex situations in unfamiliar settings, and show reflection based on
the scientific and technological consequences of a phenomenon.

TABLE II. Levels of proficiency in sciences defined in the PISA programme
Level

Indicators of proficiency in scientific competencies

Level 1a and 1b They show limited scientific knowledge. The 2015 edition added a level to separate
(min-335)
students with minimal knowledge of science.
They can draw conclusions in familiar situations.
Level 2 (410)

They can draw conclusions based on simple analysis.

Level 3 (484)

They can identify scientific topics in a variety of contexts, and can apply scientific principles, facts and knowledge to explain phenomena.

Level 4 (559)

They can tackle specific phenomena and situations, draw inferences regarding science,
reflect, and communicate decisions using scientific knowledge and evidence.

Level 5 (633)

They can identify scientific aspects in complex everyday situations, apply scientific
concepts and knowledge to these situations, compare, select, and evaluate suitable
scientific evidence to resolve situations in real settings.

Level 6 (708)

They can consistently identify, explain, and apply scientific and epistemological knowledge in complex and real situations. They can link different sources of information
and explanations, use proof from these sources to justify decisions. They clearly and
consistently demonstrate advanced scientific thinking and reasoning.

Source: OECD (2007; 2016) The numbers in parentheses show the score for the bottom level of each interval on the
proficiency scale.

The approach of this piece of work leads us to determine which
variables are characteristic of the students with these two extreme levels
of proficiency to identify them and eventually establish educational
processes that improve this situation. For this reason, analysing the
differences in the individual, family, and school context variables for
both groups of students will be of use to the educational community as
this will allow it to plan subsequent more individualised attention for
both groups.
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Academic proficiency and context variables
The relationship between proficiency and context variables in PISA
assessments in the Spanish setting has been considered by many authors
(Calero, Choi, and Waisgrais, 2010; Cordero, Crespo, and Pedraja, 2013;
De La Orden and Jornet, 2012; Gaviria, 2003; González Barbera, Caso
Niebla, Díaz López, and López Ortega, 2012; Jornet, López-González,
and Tourón, 2012; López-González, González Such, and Lizasoain, 2012;
Tourón, Lizasoain, Castro, and Navarro, 2012).
The design of the PISA 2015 context evaluation is fairly complex
as it must be sufficiently flexible to include certain questions in the
questionnaires and formulate numerous items adapted to the context
of each country. To construct it, the group of experts who carried it out
revised the content areas covered by previous PISA programmes (noncognitive results, students’ background, teaching and learning, school
policies and governance). In PISA 2015 these areas are divided into 19
modules. The modules are the basic elements of the context evaluation
and, in turn, combine various constructs. The variables analysed in this
work are indicators representing various constructs measured in the
PISA 2015 student and school context questionnaire. A simple outline of
this structure is shown in Figure II.

FIGURE II. General outline of the context evaluation design from PISA 2015
Areas

Modules

Constructs

Variables

Indices

The previous modular structure is shown in Figure III, placing the
modules in a more general structure of content areas, such as background,
processes and outcomes, and results. There are also the areas of teaching
and learning (modules 1, 2, and 12), school policies (modules 3, 13, 14,
15, and 16), and governance (modules 17, 18, and 19). The evaluation of
the context of the complete design comprises the information obtained
from all of the context questionnaires, not just those of the students and
schools, which are the ones analysed here.
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FIGURE III. Module structure of the context evaluation design in PISA 2015
Student background (4)
Family
Education

Science-related
topics

5. Out-ofschool
science
experience

General topics

7. Student SES
and family
8. Ethnicity and
immigration

9. Educational
pathways in
early
childhood

Actors
1. Teacher
qualification and
professional
knowledge

Processes
Core processes
2. Science teaching
practices

Resource
allocation
12. Learning
time and
curriculum

Teaching and learning (2)
3. School-level
learning
environment for
science
16. Resources
14. Parental
13. School
involvement
climate:
interpersonal
relations, trust,
15. Leadership
expectations
and school
management
17. Locus of
decision making
within the
school system

School policies
19. Assessment
evaluation and
accountability

18. Allocation,
selection and
choice

Non-cognitive
outcomes (1)
4. Science
related
outcomes:
motivation,
interests,
beliefs

6. Career
aspirations
10. General
behaviour and
attitudes
11. Dispositions
for
collaborative
problem solving

Governance (3)

Source: OECD (2016; p.107)

Consequently, the PISA context variables consider a large number
of constructs classified in various areas and modules that are measured
through a series of variables or indicators summarised in Table III. This
group of variables and indicators is analysed to establish the potential
distinguishing profiles for high and low proficiency students in sciences.
The conceptual definition can be seen in the document developed by the
OECD (2016).
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TABLE III. List of context variables/constructs analysed in this study and their connection to the
PISA 2015 modules and content areas.
Variable/construct
- Self-efficacy in science

Construct

Module

Area

Self-related beliefs

- Interest in broad science topics
- Enjoyment of science
- Instrumental motivation
- Parents’ views on science
- Parents’ awareness of environmental issues

Motivation to learn
science

- Perceived feedback

4. Sciencerelated
outcomes

- Teacher fairness
- Epistemological beliefs
Beliefs about science

- Environmental optimism
- Personality: test anxiety
- Student attributes, self-related preferences and
beliefs: achievement motivation

Self-related beliefs
and attitudes towards school

- Subjective well-being: sense of belonging at school Subjective well-being
10. Domaingeneral
attitudes and
behaviours

- General use of ICT at school
- Student’s interest in ICT
- ICT use outside school for school work
- ICT use outside school for social purposes

Non-cognitive outcomes

- Environmental awareness

ICT

- Perceived ICT competence
- Perceived autonomy in using ICT
- Student’s job expectations
- Collaboration, team work: enjoying cooperation
- Collaboration, team work dispositions: cooperation on values

Career aspirations

6. Career
aspirations

Collaborative problem solving

11. Collaborative problem
solving
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Teaching and learning 2. Science
activities
teaching practices
Teaching quality
dimensions

- Student behaviour that hinders learning

Learning time (in
school)

12. Learning
time and curriculum

Learning time (additional instruction)

5. Out-ofschool science
experience

School climate

13. School
climate

- Current parental support for learning at home

Support from
parents

14. Parental
involvement

- Educational leadership

Leadership

15. Leadership
and school
management

- Teacher behaviour that hinders learning
- Emotional support from parents

- Leadership in instruction
- Professional development

School management

- Class size

Class size

- Lack of educational material
- Lack of teaching staff

Problems with lack
of resources

- School autonomy

Decision making

17. Locus of decision making

- School size

School size

- Specific science resources index

Resources available

- Index proportion of teachers with ISCED level 5,
degree

Qualifications of science teaching staff

3. School science-learning
environment

- Responsibility for the curriculum

16. Resources

- Responsibility for resources

- Index proportion of qualified science teachers
- Index proportion of science teachers with ISCED
level 5 and science speciality
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Policies and governance

- Teacher participation

Teaching and learning processes

- Investigation-based science teaching and learning
- Scientific activities index
- Disciplinary climate in science classes
- Teacher-directed science teaching
- Learning time (minutes/week) -language- Learning time (minutes/week) -science- Learning time (minutes/week) -total- Total additional instruction hours
- Comparison of science classes at school and additional instructional support (mean)
- Comparison of science classes at school and additional teacher-student relationship instruction
- Comparison of maths classes and additional
instruction (mean)
- Comparison of maths classes at school and additional instruction content structure
- Comparison of maths classes at school and additional instruction; teacher-student relationship
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- Mother’s occupational level
- Father’s occupational level
- Index parent’s highest employment position
- Index economic, social, and cultural situation
- Home possessions
- ICT available at home (index)

Family ICT resources

- ICT resources
- Cultural capital
- Educational resources
- Number of school changes
- Number of changes in educational history
- Child’s previous scientific activities

Educational and
cultural resources at
home

Student background

- Family wealth

Parents’ occupational 7. Socioecolevel
nomic status
of student and
family
Family socioeconomic status

Educational pathways 9. Previous
in childhood
educational
pathway

The broad objective of this work is to describe the high and low
achieving students in the PISA 2015 evaluation with regard to the context
constructs measured in the student and school questionnaires. To do
so, the following specific processes are used: analysing the differences
in the indices linked to the characteristics of the students and the
schools, analysing the differences produced by belonging to an extreme
proficiency group, and analysing the contribution to the differentiation of
the extreme proficiency groups of the indices linked to the characteristics
of the students and centres.

Method
In this work, a secondary analysis of the data from PISA 2015 regarding
Spanish students is performed. A descriptive and exploratory methodological
strategy is used that attains a level of relational inquiry according to the
classification established by Rosenthal and Rosnow (2008).
Firstly, an initial study was performed of the indices for the students and
the centres that display significant differences explained by belonging to
the proficiency groups. These differences are established using Student’s
t test for independent groups. Secondly, how the significant indices
contribute to explaining these differences is analysed using the decision
tree technique, as described in the procedure section below.
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Sample
The students selected for this study form part of the Spanish sample
that participated in the PISA 2015 evaluation. Specifically, the students
from the two highest proficiency levels for science (levels 5 and 6 on the
proficiency scale) were used as well as those from the lowest two levels
(levels 1a and 1b) as shown in Table IV.

TABLE IV. Weighted and unweighted numbers of students in the extreme groups
Level

N weighted

N

% weighted

%

1a and 1b

73256

1116

79.1

76.4

5 and 6

19392

345

20.9

23.6

Total

92648

1461

100

100

Source: Own elaboration based on OECD (2016)

Variables
The PISA evaluation sets seven proficiency levels for science (1a, 1b, 2,
3, 4, 5, and 6) and performs a qualitative interpretation of the level of the
students who attain a give proficiency score. The results variable used
here utilises these levels to select two extreme groups: students who are
in the bottom part of the distribution of grades, levels 1a and 1b (scores
below 335) and those who are in the top part, levels 5 and 6 (scores
above 633). Therefore, this is a metric qualitative dichotomous variable.
The weighting variable for each student from the sample was also
used because the sample selection process performed by this evaluation
means that the probability of selection differs depending on the size of
the school. Consequently, the weighting is the inverse of this probability.
Finally, the context variables for the student and the school presented
as indices in the PISA evaluation were used. These have double role in
the study. In the first specific objective, they have the role of dependent
variables as they are used to determine the existence of differences
in their values by proficiency group. Secondly, once the student and
school context indices with significant differences between the extreme
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proficiency groups have been identified, the context variables will act
as predictor variables for studying their relationship in establishing the
extreme proficiency groups. A detailed description of the indices used is
shown above in Table III; also, in the results section below, the context
indices for the student and the school are shown in separate tables
(Tables V and VI).

Procedure
Firstly, the variable that groups the students based on their levels of
proficiency was constructed, using the cut off points established by
the OECD to establish the proficiency levels (OECD, 2016). Next, the
databases for the students and schools were combined in a single file
and the characteristics of the corresponding centre were added to each
individual.
The first analysis studies the differences in the means of the context
indices (students and schools) explained by the proficiency group. Owing
to the continuous quantitative nature of these indices, Student’s t test for
independent groups was used.
The second analysis studies the effect of the contextual variables on
the profiling of the extreme groups using the data segmentation technique
known as decision trees. This is one of the most popular techniques
in the data mining methodology (Gervilla and Palmer, 2009) and has
the advantage of not imposing restrictions regarding the metrics of the
variables which can be of any type (Lizasoain; Joaristi; Santiago; Lukas;
Moyano; Sedano and Munárriz, 2003; Lizasoain and Joarisiti, 2010).
Decision – or classification – trees are flow charts comprising branches
and leaves (nodes) that represent a division of the population into
subgroups according to the characteristics studied, based on predictor
variables. In other words, they create subcategories – nodes – to establish
their contributions to the variable criterion. In this case, for example,
they make it possible to determine the number of students in each of
the extreme proficiency groups who have different levels, and whether
these differences are statistically significant. The levels generated by the
predictors are the nodes.
From the different procedures available (CHAID, CART, QUEST), the
Chi-squared Automatic Interaction Detector (CHAID) was used. This
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builds non-dichotomous trees that are appropriate for large sample sizes
and for categoric dependent variables, as found in this case. Chi-squared
was used as the test statistic.

Results
First of all, the significant results from the mean differences of the
extreme groups in the indices concerning the context of the students
and the schools are presented (Tables V and VI). A second section shows
the study with the decision trees to determine which are the variables
that help to define the proficiency groups. A summary of the tree graphs
is included as an annexe. As the original size of the complete figure
makes it hard to present, the focus will be on several of the subgroups
generated based on the predictor with the greatest discriminatory power,
both for students and for schools (Figures IV to VI) and, mainly, for the
extreme and central groups.
Before starting the description of the results, it is important to note that
most of the indices are constructed with factorial processes that create
standardised scores for the international PISA sample and so the zero
value marks the mean international value. Other indices are constructed
in other ways. For example, “ICT possessions at home”, “teacher fairness”
(or perhaps unfairness), “teacher participation”, and “specific science
resources” at the school are the sum of the answers to various items.
“School autonomy” is an average of variables. Other factors show
“learning time” in minutes per week or in hours. The number of students
is used to calculate “class size” and “school size”. Others are proportions,
such as “teaching staff qualifications”. “Number of school changes” and
“number of changes in educational history” are direct quantities. Finally,
“occupational levels” are shown on another type of scale.

Comparison of means in the context indices of the students and
the schools
The context indices for students with the greatest significant differences
between the extreme proficiency groups are: “perceived self-efficacy”,
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“scientific activities”, “teacher-directed science teaching” (t = -147.474),
“epistemological beliefs” (t = -135.41), and “environmental awareness”
(t = -126.106), “interest in broad science topics” (t = -142.265) and
“enjoyment of science” (t = -215.845), “achievement motivation”
(t = -105.255), “test anxiety” (t = -70.922), “student’s job expectations”
(t = -163.287), “perceived autonomy in using ICT” (t = -71.645), “learning
time for science” (t = -146.782), “emotional support from parents”
(t = -59.369), “mother’s and father’s highest employment position”
(between t = -88.506 and t = -127.491), indices of “family’s socioeconomic
status” (between t = -83.615 and t = -156.424), “ICT resources at home”
(t = -82.813 and t = -92.166), “cultural resources at home” and “educational
pathway” indices (between t = -83.615 and t = -156.424). In this last
construct, the high-achieving students have fewer “school changes”
(t = 73.882) and “changes in educational history” (t = 93.096), and have
done more “previous scientific activities” (t = -80.684).
In the previous variables, this pattern is repeated; students with a
low level of proficiency in science have values for these indices that
are below the international mean (negative values); those with a high
level of proficiency display values close to the international mean. For
example, in “enjoyment of science”, the level is more than one standard
deviation greater than this mean.
One thing that stands out is that while “environmental awareness” is
much higher among high-proficiency students, “environmental optimism”
is higher among low-proficiency students, being below the international
mean. For this index, the high-achieving students obtain marks close to
the mean.
The students’ “instrumental motivation” to learn science (t = -100.628)
and the “parents’ view of science” (t = -95.595) display values above the
mean in both groups, although the high-achieving students have higher
values.
Another noteworthy aspect is the “collaborative work” indices; the
high-achieving students enjoy this type of work more than the lowachieving ones (t = -57.387). However, for “value of cooperation”, the
low performing students have higher scores (t = 53.68).
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TABLE V. Descriptive statistics of the context indices of the students in the extreme proficiency
groups and significance of the differences (t Student)
Construct

Variable/indicator

Self-related beliefs - Self-efficacy in science

Groups

1a and 1b
5 and 6
- nvestigation-based science
Teaching and
1a and 1b
learning activities teaching and learning
5 and 6
- Scientific activities index
1a and 1b
5 and 6
Teaching quality - Disciplinary climate in class
1a and 1b
5 and 6
- Teacher-directed science
1a and 1b
teaching
5 and 6
- Epistemological beliefs
Beliefs about
1a and 1b
science
5 and 6
- Environmental awareness
1a and 1b
5 and 6
- Environmental optimism
1a and 1b
5 and 6
- Interest in broad science
Motivation to
1a and 1b
topics
learn science
5 and 6
- Enjoyment of science
1a and 1b
5 and 6
- Instrumental motivation
1a and 1b
5 and 6
- Parents’ views on science
1a and 1b
5 and 6
- Parents’ awareness of environ- 1a and 1b
mental issues
5 and 6
- Parents’ views on future of
1a and 1b
environment
5 and 6
- Teacher fairness
1a and 1b
5 and 6
Self-related beliefs - Personality: anxiety test
1a and 1b
and attitudes
5 and 6
towards school
- Students’ attitudes: achieve- 1a and 1b
ment motivation
5 and 6
Subjective well- - Sense of belonging at school 1a and 1b
being
5 and 6
Career aspirations - Student’s job expectations
1a and 1b
5 and 6
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N

Mean

SD

t

60858
19326
55128
19149
61721
19223
57156
19149
54149
19149
60661
19186
63226
19326
64035
19326
62781
19326
64300
19326
61839
19290
40415
14637
40669
14694
40529
14694
70321
19392
70568
19386
70082
19386
69859
19386
63143
17186

-0.586
0.783
-0.097
-0.301
-0.327
0.393
-0.283
0.061
-0.150
0.282
-0.430
0.677
-0.455
0.724
0.465
0.015
-0.256
0.684
-0.504
1.109
0.096
0.899
0.147
0.994
0.478
0.601
0.232
0.064
10.020
8.390
0.472
-0.036
-0.436
0.336
0.356
0.418
50.340
69.354

1.533
0.957
1.153
0.789
1.316
0.816
0.977
0.925
0.944
0.761
0.997
0.950
1.133
1.138
1.317
1.003
1.059
0.681
1.031
0.872
0.974
0.946
1.059
0.863
0.978
0.690
1.193
1.011
4.067
2.964
0.936
0.869
0.913
0.902
1.201
1.020
16.632
12.559

-147.474*
27.12*
-90.991*
-43.915*
-63.257*
-135.41*
-126.106*
50.566*
-145.265*
-215.845*
-100.628*
-95.595*
-16.562*
16.401*
61.979*
70.922*
-105.255*
-7.186*
-163.287*
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ICT

- General use of ICT at school

1a and 1b
5 and 6
- Student’s interest in ICT
1a and 1b
5 and 6
- ICT use outside school for
1a and 1b
school work
5 and 6
- Social ICT use outside school 1a and 1b
5 and 6
- Perceived ICT competence
1a and 1b
5 and 6
- Perceived autonomy in using 1a and 1b
ICT
5 and 6
Cooperative work - Collaboration and team work: 1a and 1b
enjoying cooperation
5 and 6
- Collaboration and team work 1a and 1b
dispositions: valuing coopera5 and 6
tion
- Learning time (minutes/week) 1a and 1b
Learning time
-science5 and 6
- Learning time (minutes/week) 1a and 1b
-total5 and 6
- Total additional instruction
1a and 1b
hours
5 and 6
- Comparison of science classes 1a and 1b
at school and additional in5 and 6
structional support
- Comparison of science classes 1a and 1b
at school and additional in5 and 6
structional structure
- Comparison of science classes 1a and 1b
at school and additional in5 and 6
struction, content
- Comparison of science
1a and 1b
classes at school and additional 5 and 6
instruction, teacher-student
relationship
- Comparison of maths classes 1a and 1b
and additional instructional
5 and 6
support
- Comparison of maths classes 1a and 1b
and additional instruction
5 and 6
content structure
- Comparison of maths,
1a and 1b
classes at school and additional 5 and 6
instruction teacher-student
relationship

63323
19076
62256
19111
62375
19296
65416
19355
60523
19111
60717
19074
70231
19386
70213

0.020
-0.086
-0.011
0.251
-0.049
-0.161
-0.178
-0.066
-0.030
0.333
-0.103
0.498
-0.058
0.405
0.258

1.059
0.715
1.197
0.783
1.130
0.655
1.008
0.541
1.060
0.941
1.050
0.997
1.069
0.972
1.027

15.779*

19386

-0.175

0.986

65645
19257
55616
18990
54763
18149
26127
2091

165.620
286.750
1633.280
1710.360
26.010
7.920
-0.104
0.502

112.103
97.093
552.270
253.504
31.469
9.959
0.590
0.422

-146.782*

25623
2037

-0.166
-0.093

0.485
0.405

-7.738*

25611
2037

-0.136
0.080

0.553
0.382

-23.632*

26236
2037

-0.176
0.370

0.573
0.476

-49.145*

31497
2843

-0.045
0.484

0.592
0.569

-47.35*

30536
2843

-0.096
0.212

0.541
0.555

-28.343*

31284
2843

-0.080
0.469

0.563
0.486

-56.76*

-35.278*
17.253*
-20.228*
-42.297*
-71.645*
-57.387*
53.68*

-25.883*
117.84*
-61.015*
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1a and 1b
5 and 6
- Emotional support from
1a and 1b
parents
5 and 6
- Index parent’s highest employ- 1a and 1b
Parents’
occupational level ment position
5 and 6
- Mother’s occupational level
1a and 1b
5 and 6
- Father’s occupational level
1a and 1b
5 and 6
- Home possessions
1a and 1b
Family
socioeconomic
5 and 6
status
- Family wealth
1a and 1b
5 and 6
- ESCS index
1a and 1b
5 and 6
- ICT available at home (index) 1a and 1b
Family ICT
resources
5 and 6
- ICT resources
1a and 1b
5 and 6
1a and 1b
Educational and - Cultural possessions
cultural resources
5 and 6
at home
- Educational resources
1a and 1b
5 and 6
- Number of school changes
1a and 1b
Educational
pathway
5 and 6
- Number of changes in educa- 1a and 1b
tional history
5 and 6
- Child’s previous scientific
1a and 1b
activities
5 and 6
Family support

- Current parental support for
learning at home

41611
14611
41511
14739
64242
19113
45168
16140
57271
18128
71649
19386
71577
19386
71868
19392
61852
18839
71504
19386
70686
19386
71313
19386
62077
19129
61941
19045
41113
14683

0.085
0.350
-0.215
0.283
36.490
58.900
32.690
50.420
32.100
52.830
-0.433
0.530
-0.198
0.334
-1.210
0.162
8.120
9.180
-0.384
0.197
-0.356
0.593
-0.371
0.168
0.650
0.260
0.930
0.310
-0.232
0.437

1.138
0.807
1.104
0.777
20.169
21.666
20.350
22.349
17.515
23.306
0.888
0.755
0.894
0.753
1.095
1.039
2.178
1.290
0.923
0.733
0.850
1.019
0.997
0.826
0.805
0.572
1.104
0.698
1.026
0.797

-30.48*
-59.369*
-127.491*
-88.506*
-110.315
-151.392*
-83.615*
-156.424*
-82.813*
-92.166*
-118.847*
-76.877*
73.882*
93.096*
-80.684*

*p<0.001

Table VI shows the school context indicators, which display differences
between both extreme proficiency groups. The school’s “responsibility
for resources” stands out (t = 47.463), as in both groups it is below
the international mean, being greater in the schools that include highachieving students.
On average, schools with low-achieving students have more “lack of
material” (t = 20.385) and “lack of staff” (t = 22.332) than schools with
students with high proficiency levels in science. However, in both cases
these values are above the international mean.
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“Problems with student behaviour” (t = 69.502) are higher and are
above the international mean in schools with low-achieving students.
However, the schools with high-achieving students have fewer problems
of this type. Something similar happens with “problems with teacher
behaviour” (t = 26.765) but, in this case, in schools with low-achieving
students the value of the index is zero, in other words, it is the same as
the international mean.

TABLE VI. Descriptive statistics of the context indices of the school for the extreme proficiency
groups and significance of the differences (t Student)
Construct

Variable/indicator

Groups

N

Mean

SD

t

Size

- School size

1a and 1b

70240

680.780

393.089

-21.679**

5 and 6

18137

749.000

373.755

1a and 1b

73154

26.600

6.878

5 and 6

19353

27.230

7.018

1a and 1b

73154

-0.159

0.707

5 and 6

19353

-0.292

0.788

1a and 1b

71393

-0.432

0.897

5 and 6

18857

-0.414

0.886

1a and 1b

70396

0.314

1.023

5 and 6

19053

-0.084

1.032

1a and 1b

73179

2.930

1.466

5 and 6

19392

3.070

1.612

1a and 1b

73256

-0.444

0.684

5 and 6

19392

-0.394

0.743

73256

-0.526

0.333

5 and 6

19392

-0.348

0.493

1a and 1b

73179

0.540

0.160

5 and 6

19392

0.594

0.196

- Class size

Leadership

- Educational leadership

- Leadership in instruction

School
management

- Professional development

- Teacher participation

Decision making- Responsibility for the curriculum

- Responsibility for resources 1a and 1b

- School autonomy

-11.132**

21.206

-2.422*

47.278**

-10.665**

-8.442**

-47.463**

-35.376**
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1a and 1b

73139

0.438

1.175

5 and 6

19371

0.229

1.291

1a and 1b

73139

0.431

0.962

5 and 6

19371

0.245

1.044

Qualifications of - Index proportion of
teachers with ISCED level
teaching staff
5, degree

1a and 1b

59505

0.847

0.313

5 and 6

15458

0.796

0.321

- Index proportion of
teachers with ISCED level
5A, masters

1a and 1b

50593

0.190

0.318

5 and 6

13790

0.223

0.307

- Index proportion of
qualified teachers

1a and 1b

65357

0.889

0.282

5 and 6

16814

0.899

0.263

- Index proportion of
qualified science teachers

1a and 1b

71155

0.963

0.179

5 and 6

17973

0.931

0.227

- Index proportion of science 1a and 1b
teachers with ISCED level
5A and science speciality
5 and 6

63349

0.838

0.334

17320

0.785

0.372

Resources
available

- Specific science resources

1a and 1b

73154

4.160

1.899

5 and 6

19353

4.560

1.850

Behavioural
problems

- Of the student

1a and 1b

73139

0.137

0.968

5 and 6

19371

-0.441

1.043

1a and 1b

73139

-0.006

1.027

5 and 6

19371

-0.248

1.146

Resource
problems

- Lack of material

- Lack of staff

- Of the teacher

20.385**

22.332**

17.567**

-10.913**

-4.156**

17.801**

17.035**

-26.142**

69.502**

26.765**

*p<0.05; **p<0.001

In this first phase of the study, the constructs and variables for the
student and school which display significant differences between the
extreme proficiency groups were selected. These were then used as
predictors in the subsequent analysis of characteristics of the groups.
From this initial analysis, it is worth noting the presence of variables that
can be changed, at both the student and school levels.

Decision trees
First of all, the behaviour of the student context indices in deciding
the proficiency groups was analysed. In this way, the variables were
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identified that help determine the extreme levels, in other words, the
predictors that create groups (nodes) that maximise the difference
relating to the dependent variable (belonging to one of the two extreme
groups). This is one of the main applications of decision trees, to some
extent comparable with more classical techniques such as regression
or discriminant analysis. In addition, this technique enables differential
studies examining possible effects of interaction in deep levels of the
tree, thus making it possible not just to arrange by the influence of the
predictor variables for all of the group, but also to detect variables that
explain variance in certain nodes. To aid with the interpretation of the
results, figures have been created that summarise the information from
the original trees (Figures IV and V).

FIGURE IV. Outline of the first level generated by the “enjoyment of science” variable
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The variable with the greatest discriminatory power is “enjoyment of
science” (node 0). This is the index that most clearly differentiates the
two extreme proficiency groups. This first node creates nine subgroups
differing by the scores obtained in the index (Figure IV). The lower
nodes (1 and 2) represent the lowest “enjoyment of science” values
and, as shown in Figure V, they mainly comprise students from the
low-achievement group: over 95% of the students who make up these
categories. As the “enjoyment of science” score increases (nodes 8 and
9), the proportion of high-achieving students also increases (over 70%
are in these subgroups). “Learning time” is the variable with the next
highest discriminatory power for all of the subgroups apart from the one
comprising students with the highest “enjoyment of science” level (node
9). In this case, “additional teaching time” comprises the nodes on the
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next level (Figure V), indicating that the next most significant variable in
deciding the proficiency group of the students who most enjoy science is
additional instruction in science outside school; for the rest, it is the time
spent on learning science content at school.

FIGURE V. Extreme nodes generated by low and high scores in the “enjoyment of science”
variable

Enjoyment of science

Learning time

Learning time

Learning time

Additional teaching time

To continue examining the role of the students’ context variables in
deciding the groups, the previous procedure was repeated, this time
removing the previously studied predictors from the group. This is an
exploratory process that as a result offers a list of variables organised
by relevance depending on their level of association with the dependent
variable; to some extent it is similar to Breiman’s random forests
process (2001). The decision tree was therefore repeated, removing the
“enjoyment of science” variable from the group. The next variable to be
removed was “learning time in science” (as noted above). For a third tree,
this is removed so that the first segmentation variable becomes “learning
time”. Moving forward, the resulting list in order of the first ten variables
that make it possible to describe the groups is:
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1. Enjoyment of science
2. Learning time in science
3. Perceived self-efficacy in science
4. Epistemological beliefs
5. Number of learning domains with additional instruction in science
6. Socioeconomic level
7. Interest in science topics
8. Concern for environment
9. Possessions at home
10. Job expectations
The same process is used for the school’s context indices (Figures
VI and VII). The first segmentation variable is “students’ behavioural
problems”. This index comprises variables that cause students difficulties
with learning: absenteeism, missing classes, lack of respect for teachers,
use of alcohol or drugs, bullying, etc. The algorithm has created 10 nodes
according to the scores in the first segmentation. Figure VII shows the
low, medium, and high nodes.

FIGURE VI. Outline of the first level generated by the “students’ behavioural problems” variable
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The first node comprises 9432 students from centres where (once
the weighting has been applied) this index has very low values (below
-1.44), in other words, schools with less problematic students. The relative
proportion of students from levels 5 and 6 is higher here (approximately

Revista de Educación, 380. April-Jun 2018, pp. 148-174
Received: 30-05-2017 Accepted: 15-12-2017

169

Tourón, J., López-González, E., Lizasoain Hernández, L., García San Pedro, M. J., Navarro Asencio, E. Spanish high and low achievers in science in
PISA 2015: Impact analysis of some contextual variables

50% of each extreme proficiency group). In contrast, in the middle and
higher nodes (6, 7, and 10 for example), the proportion of students from
the lower proficiency groups is very high; around 80% belong to this
group, which indicates that the greater the number of students with these
problems in the educational centres, the lower the representation of highproficiency students, something that appears logical. Nonetheless, it is
worth noting that even in these schools, the group with the highest PISA
scores is still represented. In these nodes, “participation by teachers”
and “number of science teachers” continue the process of segmentation,
respectively. In the second level of nodes (Figure VI), there are several
indices that decide who belongs to the extreme proficiency groups. It
is worth noting that having highly-trained teachers or a higher ratio of
science teachers has a large impact on these results.

FIGURE VII. Extreme and intermediate nodes generated by low, medium, and high scores in the
“students’ behavioural problems” variable

Students´ behavioural problems

Number of science teachers

Participation by teachers

Number of science teachers

Responsability for the curriculum

Using the random forests procedure, the school variables that appear
to have the most discriminatory power among the proficiency groups
are: “responsibility for use of resources”, “autonomy of schools”, and
“professional development of teachers” and, in these cases, the higher
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nodes comprising the high scores in these indices also have the highest
proportions of high-achieving students.

Discussion and conclusions
This work asked what the context variables are that characterise the
groups of students with extreme proficiency (high and low levels) in
science from the Spanish sample. Or to put it another way, what variables
present significant differences between the extreme proficiency groups,
thus making it possible to describe them. The results encourage reflection
in various directions.
Firstly, regarding the constructs from the non-cognitive outcomes
area, it is apparent that “motivation for learning science” and “self-related
beliefs as science student” are factors that directly relate to students’
academic performance. This matches the previous PISA results (OECD,
2007, pp.127, 146; 2016, p.109) that reported on students’ opinions
about whether science is important for society and improving the
living conditions of people. Furthermore, this construct is presented as
a proficiency differentiating factor between extreme groups. “Positive
belief in self-efficacy” is closely related to motivation, learning behaviour,
general expectations for the future, and the performance of students
(OECD, 2007).
“Perceived autonomy in the use of ICT”, “emotional support from
parents”, “family well-being”, and “socioeconomic and cultural status and
resources” also have a positive impact. While some of these variables,
such as resources of socioeconomic status, are hard to modify (at least
in the short term), “motivation”, “perceived self-efficacy”, and “learning
behaviour” can be strengthened by using a science teaching approach
focussed on the student that increases participation and by the use of
technologies in the classroom (virtual laboratories, gamification, social
networks, etc.).
In the same way that in PISA 2006 it was found that the students
with low environmental optimism levels showed negative associations
with the performance outcomes (OECD, 2007), the result was found for
the Spanish sample from this edition: optimism about improving the
environment is higher among low-performing students. It is likely that
a shortfall in the level of understanding of scientific phenomena that
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affects the environment is inversely related to the level of optimism, a
hypothesis that would have to be tested in future studies.
Another variable that displays significant differences within the
motivation to learn sciences is instrumental motivation. This motivation
affects students’ participation, learning activities, proficiency, and future
career options (Wigfield, Eccles, and Rodríguez, 1998). In this study it is
also shown to be a differentiating proficiency construct in the extreme
groups, along with the parents’ view of science. This indicates the
importance of providing educational support that encourages students’
participation in contexts that encourage experimentation and the transfer
of scientific knowledge, in both school and family settings.
As for collaborative problem solving, introduced as a new construct in
PISA 2015, the results indicate that high-performing students enjoy this
type of activity more but value cooperation less highly. This behaviour
suggests a need to address attitudinal aspects, in particular for highperforming students, in competence development and in the evaluation
of this type of activity, given the students’ construction, negotiation, and
participation components as future citizens.
The analysis performed here does not exhaust the possibilities for
reflection offered by the results but they do indicate an interesting
direction that merits further reflection. These are the classroom and
school climate variables, understood not just as questions of coexistence,
respect, conflicts, etc., but also in relation to a working and learning
environment that does not alter the teaching process. The results of these
constructs influence the academic performance of the defined groups,
and so careful planning of strategies for coexistence and learning that
improve the classroom climate will have a direct and positive impact
on the performance of all the student body. This means that these are
questions in which context does also have an influence, but they are
not strictly contextual insofar as the authorities, schools, principals, and
teaching teams can set in motion actions and programmes intended to
improve them.
Although this work presents a general overview of variables that
play a significant role in determining the extreme performance groups,
the analysis presented is not an explanatory model and so does not
offer cause-effect relationships. This potential limitation adds to those
deriving from the very process of constructing the context indices as
answers to items from questionnaires administered to students, families,
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and principals of schools, that cannot always reflect reality, in particular
when a high level of inference is asked of them.
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Abstract
The year 2016 marked the 50th anniversary of the publication of what is known
as the Coleman Report. Under the title “Equality of Educational Opportunity”,
this report had major repercussions on American society, research and education
policies, and its impact spread to other countries. In 2016, there were many
publications that observed the anniversary of this report by taking stock of
its results to date. With the aim of providing an overview of all the aspects
examined, the present article presents a meta-synthesis of 45 articles about the
Coleman Report that were published in 2016. The conclusions show that it is
overly simplistic to claim that the family is the only important factor. A more
complex model of analysis is required, with methods based on evaluations that
are locally-focused and centred on a specific reality. This reality is ever-changing
and calls for dynamic interventions, with close collaboration between local
research, results and policy design. Improving the living conditions (economic,
working, education and time-management) of families and neighbourhoods
affects school results. Preventing school segregation and discrimination based
on race or ethnicity, social class or gender are still issues that need addressing 50
years after the Coleman Report. The synthesis of the 45 articles and a reflection
on the possible strategies to adopt, offers a general and more comprehensive
overview of the state of play.
 The translation of the article into English was financed by the sociology department of the
University of Granada.
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Resumen
En el año 2016 se cumplió el 50 aniversario de la publicación del llamado
Informe Coleman. Bajo el título “Inequality of Educational Opportunity” el
citado informe tuvo una gran repercusión en la sociedad estadounidense, en
la investigación y en las políticas educativas. Su impacto se extendió a otros
países. En el año 2016 fueron numerosas las publicaciones que, conmemorando
el citado aniversario, hicieron balance de sus resultados a día de hoy. Con el
objetivo de obtener una visión general de todos los aspectos contemplados,
el presente artículo presenta una metasíntesis de 45 artículos publicados en
el año 2016 sobre el Informe Coleman. Se obtienen seis grandes categorías:
un nuevo marco de análisis de los resultados; cambios en la metodología; el
contexto social y la política; las condiciones socioeconómicas del barrio y de
la comunidad; desigualdades de etnia, clase social y género y, finalmente, el
análisis de los actores implicados: familia, profesorado y alumnado. La síntesis
de los 45 artículos ofrece una visión general y más completa del estado de la
cuestión.
Palabras clave: desigualdad educativa, Informe Coleman, familia, clase social,
contexto social

50 years of the Coleman Report. An opportunity to analyse the
state of play
Inequality in education has been and continues to be a crucial issue in
sociology. Achieving a more egalitarian system means ensuring that the
entire population has better life chances. This in turn translates into a
more permeable system of stratification with greater social mobility, which
is less ascriptive and based on achievement. The origin of the issue of
educational inequality is rooted in the 1966 Coleman Report, according to
which the family background played a decisive role in academic results.
The findings of this report led to two disheartening conclusions from an
inequality perspective: either compensatory education programmes were
not working properly or there was little else schools could do about the
existing social order. They thus became mere perpetuators of this order.
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In the field of reproduction theory, many authors held up the school
as an ideological apparatus of the State (Althusser, 2003 [1969]), studied
school discipline exercised through bodily control (Foucault, 1976) or
examined the alignment of the hidden curriculum with the demands of
companies (Bowles and Gintis, 1985, [1976]). The system was unequal
because the school rewarded linguistic codes associated with the middle
class as a guarantee of academic success (Berstein, 1994 [1971]). In
addition, the families transmitted cultural, economic and social capital
closely aligned to the values 
of the educational institution (Bourdieu
and Passeron, 2009, [1964]). Inequality also stemmed from the fact that,
depending on the school and the social background of its students,
teachers expected different standards of education and learning that
stereotyped students (Anyon, 1981). Classification was a typical practice
and classes were divided according to students’ academic performance
(tracking). The educational institution established a double network of
schools aimed at either manual jobs or management jobs (Baudelot and
Establet, 1976 [1971]); the composition of these two groups was strongly
linked to social class. What is more, teaching and learning were evaluated
through credentials and qualifications. The economic and symbolic value
placed on these qualifications sparked a form of ongoing competition
wherein as they spread throughout the population, they became
devalued and new qualifications were thus sought as a mechanism of
social distinction and competitive advantage (Collins, 1989). This, along
with social class, gender and ethnicity, formed a framework of inequality
in access to a school of opportunities.
In response, defending social change and addressing plausibility,
resistance theories rejected the impossibility of transformation on the part
of educational agents, and proposed solutions to constrictive structures
through dialogic discourse (Habermas, (1987), [1981]). The answer was
to be found in devising a democratic, open and participative school that
included the family and the community in the educational process, in order
to smooth out social inequalities (Apple and Beane, 1997); giving teachers
an active role as transformative agents (Giroux, 1990); or questioning
the need for students to uncritically learn what the school transmits and
allowing them to question the discipline demanded (Willis, (1988) [1977]).
Moving away from quantitative macro research, resistance theories called
for analysis of the so-called black box, through qualitative, ethnographic
studies that could detect the subtleties of each intervention.
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Methodology
In order to gain a more precise overview of the current debate on
educational inequality, the meta-synthesis method is used. This method
enables a clarification of concepts, patterns and results, thus supporting
the refinement of existing bodies of knowledge and the emergence of new
models and theories (Finfgeld, 2003). The objective is closely related to
the description of theory, since the goal is to synthesize the contributions
to the debate on educational inequality, with a more extensive analysis of
the phenomenon. The initial questions that drive the research are: Does
the article offer a view of the educational institution as a reproducer or a
transformer of the social order? What are its proposals for change? What
dimensions are taken into account in terms of stratification? What are the
methodological proposals around this issue? In short, what remains the
same and what has changed with respect to educational inequality? All
the articles were published in 2016 and were selected preferably from
journals on the sociology of education, although in a second stage articles
were selected from sociology journals. Two searches were conducted
on “Coleman Report” and “Education Inequality”. The analysis on the
Coleman Report has focused on 45 articles from 5 special issues about
the 50th anniversary. Two journals are Spanish and three are American:
1. RSF published volume 2, number 5, September 2016, “The Coleman
Report and Educational Inequality Fifty Years Later.” Edited by Karl
Alexander and Stephen L. Morgan, Johns Hopkins University. A
total of 13 articles.
2. The journal Sociology of Education (ASA) features the article by
Downey and Condron, published in July 2016, “Fifty Years since the
Coleman Report: Rethinking the Relationship between Schools and
Inequality.” On the basis of this article, 6 authors (Carter, Gamoran,
Jencks, Schneider, Torche and Meyer) contribute to a debate on the
topic, with a final synthesis.
3. 
The journal of the Spanish Sociology of Education Association
(RASE by its initials in Spanish) dedicates volume 9, number 1
(2016) to this topic. 10 articles.
4. The International Journal of Sociology of Education (known by its
Spanish acronym RISE). Year: 2016, Vol.: 5, Number: 2. “El Informe
Coleman a Debate en su 50 Aniversario” (Debating the Coleman
Report on its 50th Anniversary). 4 articles.
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5. 
The journal Education Next, Spring 2016, vol.16, number 2. 9
articles.
As a result of the meta-synthesis, the following categories emerge: a
new framework for analysis; methodological issues; the social context
and politics; socioeconomic conditions of the neighbourhood and the
community; social stratification by social class, ethnicity and gender; and
the role of different actors in educational inequality—family, teachers
and students. These are presented in the results section.

Results
A new framework for analysis in the study of educational inequality.
The Coleman Report (1966) spawned the development of a number
of new theories in the sociology of education. Most authors agree that
this paper has generally not been read in its entirety (737 pages), and
has been summarized in a biased and simplistic way. Two well-known
conclusions were drawn from the report: first, that families bear the most
responsibility for academic success (another way of interpreting this is
that schools can do little about inequality); and second, that race and
ethnicity have strong explanatory power for academic results.
The most relevant finding of the analysis carried out is that, despite
the marked predominance of analyses focusing on reproduction and
despite the impression that with respect to some issues the panorama has
changed little in the last fifty years, a number of current authors adopt
a more complex explanatory model, moving away from an excessively
simplistic or deterministic view of educational inequality.
The role played by numerous actors and factors in academic results is
thus acknowledged. Particularly notable in this regard is the proposal of
Downey and Condron (2016a), called the Refraction Model, in an analogy
to light. The term refraction implies that students, like light, undergo a
change when switching environments and entering school. Thus, just as
the direction and velocity of light changes when it passes into a slower/
faster medium, the trajectory of inequality changes when students enter
a new medium (school). As such, they argue that the impact of school is
the result of a multitude of prior factors, giving rise to mixed outcomes.
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They argue that schools can reproduce inequality, compensate for it
or exacerbate it. When talking about exacerbating inequality, they refer
to school practices that favour children of high socioeconomic status,
such as the unequal distribution of good teachers, racial segregation
or differentiated curriculums. It could be said that there has been little
focus on exacerbating inequality since the work of Ivan Illich (1978,
[1971]), although it is usually the argument underpinning proposals that
diverge from traditional schooling, such as alternative schools or homeschooling It is also the argument that tends to be used when analysing
the results of the PISA Report and criticizing the fact that some countries
do not achieve excellence with students who obtain better academic
results. In any case, this concept underlies all the discourse on the social
reproduction of the educational institution.
Downey and Condron (2016a) make an assertion that would remove
part of the burden shouldered by schools as a result of the reproduction
model: the school does not exacerbate the starting conditions; on the
contrary, school is more “part of the solution” than “part of the problem”.
This claim is supported by the increase in inequality over the summer
period.
Along the same lines, the family/school debate should be settled by
replacing an “or” with an “and”: it is not family or school but rather family
and school (Alexander, 2016). It is interesting to note that while “or”
brings together two questions that can either be alternatives or mutually
exclusive, “and” serves to unite the two in a single unit.
Finally, although the importance of local analysis is stressed, in
other research published in 2016, the analysis of inequality takes a
global perspective (San Román, Vecina and Doncel, 2016). It would be
impossible these days to understand this phenomenon if we were to
overlook migratory processes or the position of economic elites in various
parts of the world. Migration is treated as a problem in the classroom,
while around the world, the children of elites are schooled in prestigious
institutions.
Similarly, the educational system should be analysed from a broader
perspective. An example of this is the analysis carried out by Bogino
(2016) on the issue of the social downgrading of graduates, which is
linked to the mismatch between the expansion of the educational
structure and the social structure, and the devaluation of higher degrees.
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Another difference that appears in terms of approach is the diminished
profile of the school. It is no longer the only institution responsible for
educating students. In today’s world, extracurricular activities that affect
academic results play a decisive role. We address this further below.

Changes in methodology
Most of the articles applaud the work carried out by Coleman and his
collaborators, albeit within the context of 1966, with limited development
of computer equipment to speed up the analysis of the vast amount of
data obtained. Praise is given to the quantitative analysis and the focus
on the results, while attempting to disentangle the causality.
Some authors argue that, despite this positive assessment, there is
a methodological error in the regression analysis and in the attempt to
look for causality (family explains most of the variance) where in fact
there is only correlation (Hoxby, 2016; Carabaña, 2016).
On the other hand, in line with resistance theories, some articles
renounce quantitative research that, through a macro approach,
attempts to deal with a large number of factors. Instead, they propose
“research on families, schools and neighbourhoods that employ credible
methods “(Hoxby, 2016; Flecha and Buslon, 2016). It raises the debate
about qualitative vs quantitative, micro vs macro, addressed from an
ethnographic perspective and through the famous opening of the black
box. In short, there have been different approaches from a sociological
perspective. If there is a common thread running through it all, it is
the improvement of the methodology, software and databases over the
course of half a century of research (Lucas, 2016).
Carabaña (2015) criticizes the indicator, that is, the intensive use of
aptitude tests rather than learning as a way of measuring educational
success. Ultimately, it is not the final grades that should be definitively
classified as educational success but rather the knowledge acquired,
although the latter is more difficult –if not impossible– to measure.
Lastly, it is worth pointing out another methodological bias: the
researcher’s approach and personal prejudices. Amador (2016) criticizes
the research on gypsies carried out by non-gypsies. This contention calls
to mind the Marxist debate in which the analysis of the needs of the
proletariat by intellectuals was criticized, as well as third-wave feminism,
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which advocates the inclusion of other silenced voices. Furthermore,
research on the impact of ethnicity, argues Amador, tends to emphasize
only cases of poverty, generating stereotypes that contribute to
reproduction rather than transformation. In sum, this represents a call
for research focusing on those who evade the importance of structures
and study the totality of social realities.

The social context and politics
To what extent is the school capable of transforming social reality?
Teachers, as transformers (Giroux, 1990), are sometimes cautious or
perhaps realistic with respect to the environment surrounding the student.
Some have spoken out on the negative effect of placing high educational
expectations on students whose families have serious economic problems.
Even the great hopes they have for their teaching work are diminished by
the possibility of being thwarted by conditions such as opportunity costs
(Boudon, 1983), which can put the brakes on a student’s academic career
and lie beyond the realm of teacher intervention.
Part of the related research (Carter, 2016; Marqués, 2016) emphasizes
the existing social, economic and working conditions that, although
apparently external to the school, are nonetheless present in its day-to-day
experience. These authors advocate a need for change in social conditions
in order to be able to transform the school reality. This argument, in line
with Boudon (1983), holds that education cannot eradicate inequality,
since there are environmental resources (ecological perspective) that are
not addressed if the needs of the community are not met (Carter, 2016b).
Marqués (2016) points out that cutting unemployment and controlling
job instability and impermanence would have a greater impact than
investing resources in the school.
It is within this framework that social and educational policies are
highlighted as necessary measures. In line with Althusser (2003), Arriazu
and Solari (2016), criticize the Europe 2020 Strategy for prioritizing
the demands of the economic and labour market, claiming that the
importance of education is being sidelined. As such, these are critiques
of neoliberal policies.
One last, interesting criticism refers to the pressing need to reduce
the gap between research and policy (López Turley, 2016). Just as with
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business and university, research and politics are two separate worlds
that should attempt to establish a mutual understanding. In practice,
research into educational matters does not always reach or is not always
made use of in the political sphere. In other words, the development of
policies is not consistently based on diagnostic evaluation.
Hanushek (2016) argues that one of the most relevant contributions
of the aforementioned report is the connection between educational
research and educational policy. However, he also alludes to how it is
difficult to work in this context and how research results can sometimes
be used to serve particular interests.
The solution may lie, as Kane (2016) points out, in prioritizing
evidence-based locally-focused research, encouraging collaborations
between researchers and schools to develop tests and measurement and
evaluation instruments. And, I would suggest, by trying to incorporate a
quality approach that is oriented not towards “accountability” but rather
genuinely closing the existing gap.
Although the article does not directly address it, there was a level
of distrust surrounding the political use of the Coleman Report and the
associated adverse effects, just as there is nowadays with the PISA Report
(Carabaña, 2015). To a significant extent, this is reflected in headline
conclusions being drawn that encourage a focus on the means rather
than the ends: student learning. In any case, readers who wish to learn
more about the effects of the Coleman Report on policy and on Coleman
himself are advised to read the articles by Fernández Enguita (2016) and
Kilgore (2016).

The socioeconomic conditions of the neighbourhood and the community
The Coleman Report has gone down in history for drawing attention
to the enormous impact that the family and the “immediate social
context” played in academic results. As Simmel pointed out, the physical
space is a social space ([1976], [1903]). From that moment on, family,
neighbourhood and school were seen as overlapping with race, gender
and family background (Alexander, 2016).
Research into the impact on education of living in marginalized areas
and the family profile, with low levels of involvement in the school, has
been extensively discussed (Río, 2016). Worthy of special attention is the
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focus proposed by Alexander and Morgan (2016) on the changes that
occurred in Baltimore. Despite the large number of studies, research into
the impact of the neighbourhood or rural areas on education has been quite
static and, at times, shaped by stereotypes. Towns and neighbourhoods
undergo social change, gentrification, improvement, etc. There should
be an emphasis on collaborative research with analysis of urban or rural
sociology to identify where new needs emerge. In Baltimore, for example,
it has been observed how the process of job losses and, with it, the
exodus of middle class families, lead to an increase in crime rates. Many
policies are focused on specific neighbourhoods or those traditionally
affected by marginalization. While they require intervention, it is also
necessary to detect new areas in need of preferential action. Analyses of
unemployment rates and living conditions are key in this regard.
Along these lines, Egalité (2016) proposes a holistic approach to the
neighbourhood (promise neighbourhoods), involving schools for parents
as well as a complete transformation of the community, although she
acknowledges that these programmes are very costly. An example of
such a programme is the Comprehensive Plan for Polígono Sur, in Seville.
Flecha and Buslon (2016) argue that interactions and community
participation are key to successful education initiatives, especially with
respect to students that have low socioeconomic status and belong to
cultural minorities. In this case, the proposal would be for a more open,
democratic, participatory and inclusive school.

The impact of social class, ethnicity and gender on inequality
The literature does not only refer to an inequality of academic results
attributed to social classes that are better positioned in terms of
economic or cultural capital (Bourdieu, 2000). Middle class families are
very concerned with achievement (Olmedo and Santa Cruz, 2008), which
prompts them to adopt strategies to ensure their children receive a good
education (Collins, 1989; Egalité, 2016). In addition, different perceptions
surround public education (the ideal of fairness) and private education
(excellence and mobility) (Rogero-García and Andrés-Candelas, 2016).
The battle to enrol in certain schools, together with prejudices on
the part of the teachers (Ortíz, 2008) generate movements among
better-positioned social groups as they avoid schools with a greater
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concentration of ethnic minorities. As a result, the institution responsible
for transmitting social equality values becomes racially and ethnically
segregated (Downey and Condron, 2016b, El Habib, D. et Al, 2016).
Alvarez-Sotomayor and Martínez-Cosinou (2016) point out that the
content of chapters 4 to 8 of the Coleman Report has not been given
sufficient attention. It deals with highly relevant issues such as the impact
on equality of the ethnicity of the teaching staff as well as the racial
distribution of the students in the colleges.
But why do ethnic minorities achieve worse academic results? To
answer this question, the Reardon study (2016) includes 100 million test
scores of third and eighth grade students from public schools in 2009
and 2012, from 300 metropolitan areas in the US. Of the four factors
included in the analysis, the results show that the exposure to poverty
dimension best explains educational achievement, meaning that those
who have a higher percentage of classmates in poverty obtain worse
academic results. Other factors may influence this situation (for example,
the school climate) but according to the results, it is not exclusively racial
segregation but also economic segregation that determines the poorer
academic results of ethnic minorities.
Some traditional proposals for solving this issue included busing in
students to combat racial segregation. The Coleman Report stated that
attending a white school improved outcomes among African-American
students. However, Hoxby (2016) questions this, emphasizing the social
networks among students and their families.
In Spain, research on ethnicity and educational inequalities has had
a particular focus on interculturality in the classroom (Márquez and
García, 2014). Data should continue to be provided on racial and ethnic
segregation in schools, which is a reality today in our country. The articles
from the United States in 2016 deem it shameful that the variation in the
academic results of ethnic minorities has remained practically unchanged
over the last fifty years.
In some cases, racial, class or gender segregation is defended as
stemming from academic results. As a counterargument, education is not
only about academic results but also about educating citizens on equality,
rights and duties; this constitutes a real-world education if students learn
about ways of coexisting and overcome the barriers of being considered
different.
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Regarding gender, classical research has focused on the study of the
processes of gender socialization in schools, segregation, stereotypes in
the classroom, school climate, academic results in different areas, the
higher proportion of women or men in different branches of studies or
levels of education, and different expectations about future professions.
In recent years, there has been more study of masculinity (Lomas, 2007),
focusing on the construction of gender identity in boys and the link to
violence or higher drop-out rates. As pointed out by Subirats (2016),
concern focuses on violence, disorientation and widespread drop-out
among boys, as well as the difficulties girls cope with in facing adult life,
with excessive responsibilities.
On the anniversary of the Coleman Report, there are few notable
studies on gender. Those that do analyse gender have focused on
differences in reading performance. For Martínez and Córdoba (2016),
the differences in the results are due to the unequal social composition
of schools and are influenced by the economic activity of the mother
and her educational level. Consequently, compensatory measures are
proposed for families with a low level of education. In the same vein,
Julià (2016) has studied the school context and gender inequality in
reading comprehension performance. Women still perform better than
men. Some theories to explain the difference are based on non-cognitive
skills such as attention, persistence and eagerness to learn, the influence
of school climate and the perception of masculinity in peer group culture.
The negative effects of disruptive behaviour are worse for boys.
According to Juliá, it seems that girls have understood the school
success associated with education. However, Subirats (2016) questions
whether equality between the sexes has been achieved and interprets the
better academic results of girls as stemming from their continuing status
as the second sex, such that they find a stimulus in academic life. In any
case, what is needed are schools where the expectations are high for
everyone – girls and boys (Dipetre and Buchmann, 2013).
The differences, once again, are more pronounced in groups that are
more socially disadvantaged. As shown in a longitudinal study (Serbin,
Stack and Kingdom, 2013), a decline in performance occurs in lowincome children when they transition to secondary school. And those
that have good reading skills and maternal participation are more likely
to continue.
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The actors: families, teachers and students
Families
The Coleman Report has gone down in history for a conclusion considered
simplistic: the family is primarily responsible for academic success. There
are three relevant issues in the analyses presented in the articles: social
class and strategies adopted by families; their participation in schools;
and a new approach, which sets out an appropriate framework for
educational achievement.
Regarding social class, research has highlighted, and continues to
point to, the correlation between academic results and the parents’ level
of studies, occupation and number of books at home. Meyer (2016)
summarizes it in the following way: good school results were achieved
when the parents of the students were professionals and managers, not
when they were working class, regardless of how well-resourced the
schools were.
Within the same theoretical framework –credentialism– it has been
observed that families today employ economic, social and cultural capital
to select the best opportunities for study and other extracurricular
activities, with a global social perspective. An example of this is the
horizontal inequality that occurs with international competence. Families
in the best economic positions send their children to study abroad and
acquire an international proficiency that is much-needed in today’s world
(Netz and Finger, 2016).
Another change meriting special mention is that school becomes less
central, with extracurricular activities playing a more critical role than
before in providing a competitive advantage. And there are differences
relating to social class in the choice of these activities (Park et al., 2016):
tutorials, online courses, private lessons. The percentage of students
taking private classes is increasing. In Spain, it has risen from 32.3% to
41.6%, with classes that are paid for by the family accounting for 34%.
In other cases, these are free compensatory programmes, which report
good results.
Regarding family participation in schools, it is considered indispensable
(Garreta, 2015) although it is uncommon in Spain, tends to be on an
individual basis (Issó, 2012) and differs widely between schools (Olmedo
and Santa Cruz, 2008; Río, 2010). This involvement is being addressed
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as a critical issue, with successful actions that entail the participation of
families in schools, especially those located in marginalized areas (Flecha
and Buslon, 2016).
To date, the involvement of families in schools has been assigned a
fundamental role. Harris and Robinson (2016) offer a new approach:
stage-setting, creating a framework or stage for educational achievement.
In theatre, the stage managers are responsible for creating a context that
enables the success of the performance. Many parents construct a social
environment around children that allows them to create conditions in
which academic success is possible. The degree to which the message
about the importance of education is successfully transmitted depends
on the living space that is created for children at home and in the
neighbourhood. Compared to traditional theories about the need for
family involvement in school activities, inside and outside the home,
the stage-setting perspective refers to situations in which educational
achievement is guaranteed despite the fact that parents are busy working.
They may not have time, but they have managed to convey an abstract
idea of the importance of education, giving their children the feeling
that they support their efforts in school and after-school activities, or
providing motivation at the beginning of formal education. Ultimately,
there are two fundamental issues here: the message and the space. The
message implies the transmission of the feeling of support for children
in their studies and in their educational process as well as creating
expectations about studies, motivation and confidence. This message,
accompanied by a comfortable space in which children can develop their
motivations is, according to these authors, key to academic success.
In principle, it should not be essential to have a wealth of economic
and cultural resources in order to successfully address these two issues.
Nevertheless, better-off families can transmit more security because they
are assumed to face fewer threats in their lives and this can allow them to
disconnect from problems in the home. Poverty can be a disruptive factor
in children’s daily lives (Duncan and Rodgers, 1988).
Regarding race and ethnicity, the research does not show significant
differences in family involvement in the home, but greater differences
are revealed with respect to school participation. Authors mention the
departure of better trained teachers when the proportion of ethnic
minorities in the school grows. Another issue is the predominance of
ethnic minorities in areas with high poverty rates (Reardon, 2016). Lewis
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and Diamond (2015) even argue that in situations of tracking, ethnic
minorities are less likely to manage to get their children placed in the
higher-level classes.

Teachers and inequality
Following Goldhaber (2016), according to the Coleman Report, the
quality of teachers was strongly related to educational achievement.
By replicating Coleman’s study but with more sophisticated variables,
the author shows that the teaching staff is the variable that has the
greatest explanatory power for academic results within the school. This
correlation becomes progressively greater at higher school levels and is
more important for achievement in the case of minorities. The variables
that best predicted school achievement were: teachers scoring highly in
verbal skills; the higher educational level of teachers and their families;
teaching experience; whether teachers read professional journals; and
teachers’ perception of their students’ ability and effort.
The latest studies continue to show that teachers play a more important
role for students who are educationally disadvantaged and live in less
privileged areas. In such situations, the teacher is the sole reference
point in terms of education and has to compensate for any deficiencies
with respect to students’ motivation and schooling. More funding, small
classes and better qualified teachers are factors that particularly affect
educationally disadvantaged students. The verbal ability of teachers
remains a relevant variable. However, having a master’s degree does not
explain as much as it did in the sixties, probably due to the fact that such
qualifications are now more widespread among the population.
Downey and Condron (2016) adopt a similar viewpoint to Carabaña
(2016); their understanding is that if we measure teacher quality in terms
of qualifications, experience or training in their subject area, children in
disadvantaged areas are exposed to worse teachers. However, they hold
that such assessments should adhere to the degree of learning, with the
notion of quality centred on the result of the teaching experience: the
students’ learning. According to these authors, if the goal is to close the
gap between schools, better learning spaces should be created in socioeconomically disadvantaged areas, as is done with “high-flying” schools.
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Research in the US refers to the difficulties in recruiting good (welltrained) teachers in certain areas, especially in urban areas with a
high concentration of poverty, immigration and poor academic results.
Although specific measures are usually proposed, teachers want to teach
near their home town. Finding a school close to home, in their region or
a similar one, is an important preference. Something similar has occurred
in Andalusia with rural schools and in what were formerly known as
“preferential educational action areas”. Rural areas become the first
destination for young teachers with few points, but the research suggests
that they usually make up for their relative lack of training with generous
doses of enthusiasm. The rural population complains about teachers in
these areas constantly moving on, despite being awarded more points.
To work effectively in such conditions requires training more
specifically targeted at such contexts. This does not mean that students
are labelled, as indicated by Jean Anyon (1981). However, it is true that
such students require certain actions and a way of teaching that are not
always ensured by better academic records. Motivation and dedication,
as César Bona (2016) points out, are key.

Students
Lastly, two studies with a micro focus highlight the impact of inequality
on individuals. Borman and Pyne (2016) point out that a school climate
where stereotypes (racial, gender ...) abound makes students afraid of
achievement and affects their results. In the same vein, Torrents (2016)
finds that lower-class students with medium-high scores underestimate
their abilities, while the opposite is true for higher-class students with
low marks. Furthermore, he finds that the bias is greater for girls

Conclusions
50 years after the publication of the Coleman Report, it can be stated that
the positive correlation between education and the family’s position is
not sufficiently explanatory. The model is more complex and needs to be
analysed with a methodology that appropriately evaluates the practices
carried out in each school and how they are connected to the immediate
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social context. In order to identify genuine needs, we must know how to
properly analyse the social context, not as a static issue, subject to change,
but rather in terms of neighbourhoods, families and social contexts
that transform and require intervention. Evaluation should not simply
be a question of accountability, but based on evidence to enable better
solutions to the problems detected. A need arises for collaboration with
research teams. Better communication, possibly through collaborative
networks of schools, would allow the implementation of actions that
have proven successful in other contexts. An effective alignment between
policy and research is still being sought, where research results are used
to help close the inequality gap.
The analysis of this dynamic reality and the presentation of the results by
schools should mean improved collaboration with an appropriate response
through political actions. Schools sometimes conform to programmes
that are not necessarily compatible with their particular needs. In any
case, this way of operating requires dedicating more resources and less
time to some processes that organizations do not always consider useful
or effective. The emphasis should be on longitudinal studies of specific
situations, leaving aside excessive comparisons between very diverse
realities with completely different starting points, and the obsession with
rankings.
Today, the need for close collaboration between families and schools
is stressed. This requires training to improve communication and
collaborative work between the two parties. The reality of 50 years ago
has little to do with the present situation. Numerous global changes have
given rise to a new educational landscape. The processes of mobility
have spawned new forms of inequality, and academic success does not
depend exclusively on the school sphere but also on other mechanisms
and extracurricular activities that are selectively sought out to guarantee
distinction. The educational system reflects a changing, unstable and
polarized reality which it has to shape. Faced with this global society, we
must continue working to improve international competence.
The school becomes less central while extracurricular activities play a
more important role, due to the difficulties of balancing schedules. The
existing offer of extracurricular activities should be reviewed. There has
been a growth in private classes, and although part of this investment is
driven by families’ concern for their children’s education in a competitive
environment, it could be a useful indicator in analyses of school quality,

192

Revista de Educación, 380. April-Jun 2018, pp. 176-198
Received: 04-06-2017 Accepted: 12-01-2018

Martín-Lagos López, M. D. Education and inequality: a meta-synthesis after the 50th anniversary of the Coleman Report

raising the question of why students need private lessons. This could
in turn lead to a reflection on teaching methods, course content and
required standards.
In the analysis of stratification by class, ethnicity and gender, we still
see segregation in cities that leads to segregation in schools between the
majority population and racial and ethnic minorities. Can the best-trained
teachers be found there? Are they trained to work in different social
contexts? Is it necessary to specialize in or train for specific educational
contexts?
The review carried out reveals other measures to reduce inequality,
ranging from free universal pre-school education, extending fathers’
parental leave, improving learning spaces, revision courses and
compensatory measures in areas with greater economic needs and more
disadvantaged students, which involve resources or skill building in early
years.
Finally, the articles reviewed do not cover a number of relevant
scenarios, such as the role that management teams can play in the results,
the school climate, the organization of the classroom space, as well as
the methods used by teachers to motivate their students rather than their
training.
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Abstract
This research had as a goal to explore the effect of the Project-Based Learning
(PBL) through differentiated instruction to improve, motivate and change
students’ attitudes towards a second language learning. In order to achieve the
stated goal, a quasi-experimental study with quantitative data gathering and
analysis techniques was conducted. The students of the sample were 41 gifted
North American students from Robinson School in Tampa, Florida. Twentyone of them composed the experimental group and twenty of them composed
the control group. The independent variable of the study was the PBL and the
independents were academic learning achievement, learning motivation and
attitudes toward learning. The first dependent variable was assessed by means
of a knowledge test, the second and third with a survey composed by open,
closed and Likert style questions. The knowledge test was applied before and
after the intervention and the survey only after the intervention. The gathered
information was analyzed with the support of a quantitative analysis software
via the definition of statistical significances of the results contrasting them with
the theory. This process allowed the conclusion that the application of PBL
through differentiated instruction enhanced the academic learning achievement
(vocabulary, grammar, culture and lecture), increased intrinsic and extrinsic
motivation for learning and improved attitudes towards learning.
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Resumen
La presente investigación tuvo como objetivo explorar el efecto del método
de Aprendizaje Basado en Proyectos (ABP) mediante instrucción diferenciada
para mejorar, motivar y cambiar las actitudes que los estudiantes tienen sobre el
aprendizaje de una segunda lengua. Para la consecución de los logros trazados,
se llevó a cabo un estudio cuasi-experimental con técnicas de recolección y
análisis de la información de corte cuantitativo. La muestra seleccionada
fue de 41 estudiantes anglosajones con altas capacidades intelectuales de la
Escuela Robinson en Tampa, Florida, de los cuales, 21 conformaron el grupo
experimental y 20 el grupo de control. La variable independiente del estudio
fue el ABP y las dependientes fueron el logro académico en el aprendizaje, la
motivación para aprender y las actitudes hacia el aprendizaje. La primera variable
dependiente fue evaluada con un test de conocimiento, la segunda y tercera a
través de un cuestionario con preguntas abiertas, cerradas y estilo Likert. El
test de conocimiento fue aplicado antes y después de la intervención, mientras
que, el cuestionario, después de la intervención. La información recolectada fue
analizada con un software de análisis cuantitativo, mediante la definición de
significancias estadísticas en los resultados y, a su vez, contrastándolos con la
teoría. Esto permitió concluir que la aplicación del ABP, mediante instrucción
diferenciada, aumentó el logro académico en el aprendizaje de la L2, incrementó
la motivación intrínseca y extrínseca por el aprendizaje y mejoró las actitudes
hacia el aprendizaje.
Palabras clave. Aprendizaje de una segunda lengua, aprendizaje basado
en proyectos, estudiantes con altas capacidades intelectuales, motivación,
percepción del aprendizaje y logro académico.

Introduction
The critical need of effective programs in foreign languages is quite notable.
More and more, learning a second language is of high preponderance
and also the search for strategies which contribute to the effectiveness
of teaching and learning processes, such as Project-Based Learning, a
method focused in individual or group activities during a certain period
of time, giving as a result a product, a presentation or an achievement.
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It is worth mentioning that the application of Project-Based Learning,
as a strategy to introduce active methodologies, has been studied by
a great majority of investigators who show empirical evidence on its
contribution to improve the conventional learning method, like Hashim
& Din (2009), Kelly & Finlayson (2007), Gambhir (2007). In addition, it is
certain that Project-Based Learning not only develops new competences,
but also improves the persistence and strength of acquired knowledge
(Ward & Lee, 2002), and its use has spread to the context of information
and communication technologies through educational resources like
WebQuest and other collaborative work tools (Poikela, 2006).
In the same way, Project-Based Learning can be considered as a
main learning strategy which requires the use of different abilities like
research, collaboration, creativity, wording, presentation of the work in
the classroom, preparation of videos, art or any other presentation form
that promotes a final product.
With this kind of method, projects are designed so that students can
research and analyze, linking themselves completely with real situations
or situations of their environment. Because of this, sometimes, this method
is referred to as learning based on research-learning in practice, as the
learning process is an integral part of the knowledge and abilities that
students acquire with the project. Given that the academic, motivational
and perception effects of learning a second language were unknown
in students, it was decided to apply PBL as a teaching model whose
objective is to involve students in their own learning and continuous
research, placing the student at its center through the elaboration of
projects, as well as making the teacher a facilitator of knowledge instead
of a simple transmitter.

Formulation of the problem
Is the Project-Based Learning method through differentiated instruction
effective to improve learning? Does this affect the motivation degree of
students and their attitudes towards learning a second language?
In order to answer the investigation questions formulated above, we
need to answer first the following questions:
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Systematization of the problem
■ 
How

to improve learning of Spanish as a second language in
students with high abilities through Project-Based Learning?
■ How does Project-Based Learning affect the motivation of students
when learning Spanish as a second language?
■ 
Does Project-Based Learning change the perception of students
towards learning Spanish?
In order to answer the research problem, as well as to the questions
mentioned above, it is essential to formulate and execute the following
general objective and specific objectives, respectively.

General objective
To explore the effect of the Project-Based Learning (PBL) method through
differentiated instruction in order to improve, motivate and change the
students’ attitudes toward learning a second language.

Specific objectives
■ To

establish whether the Project-Based Learning strategy improves
the learning of Spanish as a second language in students with high
intellectual abilities.
■ 
To identify whether motivation can be affected by the application
of Project-Based Learning.
■ To determine whether the students’ perception of Spanish learning
can be affected by Project-Based Learning.

Project-Based Learning
The instructional method of Project-Based Learning, whose basis is a
progressive philosophy which has roots in the constructivism, is not new
at all. According to Sahin, Guven & Yurdatap (2011), this method has
been mentioned since the 20th century and its main example was the
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American psychologist and philosopher John Dewey, who was the first
to talk about active teaching methods and, in particular, about projects.
According to these same authors, Dewey’s doctrine was active learning,
suggesting that learning should be done by practice and by assimilating
mandatory contents, not listening but doing. He defended that children
should learn within an environment of training, experience and projects
interpretation. As a professor at the Columbia University, he advocated
for the instruction based on projects, but his idea was that the instruction
should include four components: objectives, planning, execution and
assessment.
In public schools, Project-Based Learning includes essays and
assessments based on the same learning standards of the State, which
applies to other instruction methods, that is:
Projects are specifically designed to ensure that students meet the
learning standards expected at a national level. The assessment is
conducted as the students develop the project or at the end; teachers
use to evaluate the student’s learning with a variety of methods, like
learning demonstrations (oral presentations) or rubrics, conferences or
tests. During the elaboration of the project, teachers continue to provide
instruction in the course, as well as offering orientation and academic
support to the students (The Glossary of Education Reform, 2013, p.86).
On the other hand, Roessingh and Chambers (2011) suggest that, in
this learning, tasks or assignments of projects shall be sequenced, thus
promoting a joint effort between teacher and student in order to achieve
the solution or creation of a product. In the same way, collaboration
for learning shall be promoted as well, where the teacher and the
students negotiate, build and validate knowledge, which will result in
future learning (Garrison & Anderson, 2003). Nowadays, Bender (2012)
also maintains that Project-Based Learning is the most effective way to
involve students in the learning process, as they participate actively in
the selection of many aspects of their tasks, assignments or essays, in
addition to being motivated by real world problems related with their
community and interests. This same author says that many other authors
like Barrell (2010), Baron (2011), Cole & Wasburne-Mose (2010) and
Larmer & Mergendoller (2010) recommend it as the best educational
instructional practice.
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Project-Based Learning (PBL) and differentiated instruction
According to Bender (2012), Project-Based Learning was not analyzed
as a differentiated instruction model until 2008, mainly by Schlemmer &
Schlemmer (2008). The Schlemmers claim that Project-Based Learning
is an obvious way of differentiated instruction because through projects,
the most essential differentiation concepts are incorporated, so that they
are associated with students to motivate them and improve their learning;
besides, they can be used to differentiate the content, process or product,
according to the interests and learning profiles. Likewise, both authors
consider that through an active learning, knowledge and understanding
can arise more easily, and that, aligned with the study program, allows
students to take individual decisions within a real and significant context,
even though final products may vary. They affirm that, in order for a
project to be successful, it must be based on eight important skills:
■ Reading
■ Writing
■ Research
■ Planning
■ Problem

solving

■ Self-discipline
■ Self-assessment
■ Presentation

Project-Based Learning is a clear way of differentiated instruction as
it involves, motivates and improves students’ learning; because when
students work on a project, they assume a leadership role, accept
responsibilities in their own learning, become active workers instead of
passive observers, face real tasks that represent things in the real world,
apply knowledge in a context that makes learning significant, strengthen
their confidence in themselves and create unique final products, among
others (Schlemmer & Schlemmer, 2008).
Authors like Belland, French and Ertmer (2009) consider ProjectBased Learning as a differentiated instruction method because it is an
innovative way of instruction in which students select a question or a
problem to solve and teachers fit that project within the study program’s
standards; and also because in the project assignment, students select
many of the tasks to carry out, and this approach allows to choose the
learning activities that are specifically compatible with their learning
styles and preferences. This encourages students to get involved and
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join the project in an active way, as they not only choose the group
participants but also the methods to solve or carry out the project. Given
that students have a complete involvement in the project, they experience
a high level of motivation to work diligently in their task.

Project-Based Learning in children with high intellectual abilities
According to Stanley’s (2012) handbook for the 21st century classroom,
Project-Based Learning offers many advantages for students with high
intellectual abilities:
■ It

allows students to select the project: when gifted students see that
they have control over their work or project, they can get involved
in it in a more active way (Bristow, 2013).
■ Strengthen the students’ responsibility: Project-Based Learning
allows students to be more independent and responsible for their
learning.
■ Establish priorities: during Project-Based Learning, the student
decides which tasks need to be done and in what order. According
to Stanley (2012), prioritization of tasks is also linked to the student’s
choice and responsibility. A student with high intellectual abilities
acts in a particular way regarding how and when things have to
be done; and Project-Based Learning gives them control over the
prioritization of tasks.
■ It allows individualized time: given that students assume, to a large
extent, the control of the decisions during the project process, they
can work at their own pace. As for students with high intellectual
abilities, some tasks are important and could be carried out in
a meticulous and reflexive way, while others could be quickly
completed.
■ Strengthen the learning process: students tend to know how they
prefer to learn, since each individual learns in a different way. Some
students have a kinesthetic, visual or hearing learning style, among
others.
■ Natural environment: students consider the search for information
as a natural fact for problem solving or for the creation of a product,
and students with high intellectual abilities consider it in a more
noticeable way. They could search for all the necessary information
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inside or outside the school in order to carry out their task, as
Project-Based Learning offers a real world approach.
■ Preparation: Along with a self-paced time, students can enjoy the
control they have regarding the amount of time needed. They can
decide how much time they would spend to develop the most
important aspects of the project, which is very positive for students
with high intellectual abilities, as they can challenge themselves
and carry out complex projects.
■ Significant learning: If students are working on a field of their
interest, they can acquire skills to use them in the future, as the
Project-Based Learning nature includes projects that come from the
real world.
■ Authentic assessment or assessment for learning: Students will
be assessed with the authentic assessment approach, where the
essence is to learn to know, learn to do, learn to share and learn
to be. Since this teaching method is organized around authentic
activities, the assessment needs to be similar. The main condition
for an authentic assessment is the valuation of contextual learning
(Díaz Barriga & Hernández, 2002).
■ Collaborative learning through study programs: With Project-Based
Learning, students can apply their knowledge from other courses
to the context where the project is being carried out, learning and
relating different subjects at the same time.
Thanks to the Project-Based Learning, students with high intellectual
abilities feel more motivated when they value what they are learning
and when their tasks have a personal and real meaning (Ferrari &
Mahalingham, 1998; Leontiev, 1978). In the same way, students are also
more motivated when they think that the learning result is under their
control (Bandura, 1997; Dweck, 1991).

Giftedness and talent (high intellectual abilities)
It is extremely difficult to define giftedness, as the definition varies from
one author to another. Given that a single factor, like IQ, cannot explain
by itself the high intellectual ability phenomenon, and that the research
on these individuals has shown that they have a set of interrelated
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features which are relatively well defined, Renzulli proposed his threering conception of giftedness (Renzulli, 1980), exposed in figure 1.

FIGURE 1. Three-ring conception

Source: Renzulli (1986)

Within Gardner’s perspective, a gifted or talented individual can
be defined as a being who is exceptionally competent in one or more
intelligences (Sousa, 2009). Although, according to this same author,
there is no extensive physical evidence in neuroscience to verify what
Gardner says in his theory, studies show that, in fact, there is, since the
brain uses different parts to carry out certain tasks; but on the contrary,
there are many anecdotes and observations of studies that show that
there are different levels and types of intelligences.
In the same way, the Spanish confederation of high intellectual
abilities (Confederación Española de Altas Capacidades Intelectuales,
CONFINES) (2017), considers that the needs to be attended in order to
respond to students with high abilities are:
■ 
Motivation

to learn

■ 
Creativity
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■ 
Lack

of synchrony
learning
■ 
Early mental maturity
■ 
Hypersensitivity
■ 
Perfectionism
■ 
Hyperactivity (mental)
■ 
Categorical behavior (persistence in their decisions)
■ 
Fast

Bearing in mind the above comments, we continue with our general
view of the DMGT. As shown in Figure 2 hereunder, it is formed by
five components: gifts (G), talents (T), talent development process (D),
intrapersonal catalyst (I), and environmental catalyst (E). The first three
represent the core of the DMGT; its interactions summarize the essence
of the talent development conception from the DMGT; that is, the
progressive transformation from gifts to talents.

FIGURE 2. Gagné’s Differentiated Model of Giftedness and Talent

Source: Gagné (2010)
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Methodology
In this study, we have used a quasi-experimental methodology using
quantitative information gathering instruments applied to observable
phenomena, experimentally controlled and statistically analyzed with an
experimental and a control group.

Hypothesis
The hypothesis leading this research were the following:
• 
H1: The academic achievement in the content learning will be
higher in students to whom Project-Based Learning method is
applied, than in students using the traditional instruction method.
• 
H2: The Project-Based Learning method generates learning
motivation among students of a foreign language.
• 
H3: The students’ perception of Spanish learning is affected by
Project-Based Learning.

Variables
The variables that took part in this study were:
■ Independent
■ Dependent

variable: Project-Based Learning (PBL)
variable #1: Academic achievement in the learning

process
■ Dependent
■ Dependent

variable #2: Motivation to learn
variable #3: Attitudes towards learning

Sample
The study was applied to 41 Anglo-Saxon students from Robinson School
in Tampa, Florida; 21 students composed the experimental group and
the rest of students (20 students) formed the control group of the study.
This investigation had a convenience sample of 41 students, 38 % of the
total number of students of the school. This was due to the fact that the
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education administration randomly assigned this number of students to
the researcher. The sample was composed by 13 men and 28 women
who ranged between 14 and 15 years old. All students were categorized
as children with high intellectual abilities and were attending the 1st
level of Spanish as a second foreign language, in 90-minute periods,
three times per week.

Instruments
This study takes the quantitative approach for scientific investigation,
where information gathering instruments were selected and adapted in
order to measure the variables contained in the research hypothesis that
will afterwards converge in their triangulation. During the information
triangulation, the data provided by a knowledge test were combined in
order to measure variable #1. Those data were treated, on the one hand,
through a statistical analysis using SPSS 23 software and, on the other
hand, with a questionnaire with Likert type open and closed questions,
in order to measure variables #2 and #3 and gather valuable information
for the investigation. The validity and reliability of this questionnaire is
based, not only in the experiment carried out by Lau (2009), who applied
these questions in her research to measure the motivation and attitude of
students. Lau built her questions based on the investigations of Cohen &
Dornyei (2001), whose validity was also proven in another investigation
of Tseng, Dornyei & Schmitt (2006), which intended to present autoefficacy as a learning strategy.

Knowledge test
A multiple choice test was administered in order to measure knowledge.
This test was designed by the publishing house McDougal Littell, and
is included (to be used by teachers) inside a book series corresponding
to the textbook ¡En Español 1!, which use is mandatory for all schools
within the Hillsborough educational county, in Tampa, Florida, for the
International Baccalaureate program. The test was administered before
(pre-test) and after (post-test) the intervention with PBL.
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Questionnaire
This questionnaire consisted of 16 questions distributed as follows:
■ 
(6)

semi-open questions answered with “a lot/not much/nothing”,
and answers to questions “how?” and “why?”. (Objective: find out
about the perception of Spanish learning and intrinsic motivation).
■ 
(6) open questions, where the students were presented with
different choices, as well as the option to offer more answers, as
there was a choice to answer “others”. (Objective: find out about the
extrinsic motivation perception).
■ 
(4) completely open questions oriented to gather valuable
information for this investigation.
As this questionnaire had different answer options, open, semi-open
with “a lot/not much/nothing” answers, and multiple choice questions,
these were analyzed separately and with a cross tabulation, classifying
only the essential results obtained. To be able to analyze and show the
obtained information in a clear way, we used a matrix where the answers
to the questionnaire and the option selected were classified depending
on the number of students who answered to the same option.

Instruments validity
In order to avoid the instruments’ internal and external invalidity, the
following aspects were considered:
■ Both

groups of students to whom data gathering instruments were
applied were acknowledged as students with high intellectual
abilities and had Spanish as their foreign language.
■ 
The groups were randomly selected by the secondary school for
the researcher. From a total of 108 students, 41 were assigned to
the study, thus avoiding to select the sample over a specific feature.
■ Students who were part of this investigation carried out the activities
knowing that their grades were being taken into account.
■ 
Instruments were relatively short, thus avoiding distraction
situations as well as tiredness, hunger or indifference.
■ 
Instruments were applied after nine weeks from the start of the
academic year, thus avoiding possible changes in number and
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features of students, since at the beginning of the year there are
many classes and schedule changes among students.
■ 
Instruments were applied with a minimum difference time of 90
minutes on the same day, to both the control and the experimental
group, trying to avoid unplanned effects.
■ 
To avoid validity threats in the instruments’ performance by the
administrators, we took into account aspects like: gender of
the teacher, teaching ability, attitude, preconceptions, verbal or
motivational stimuli. The person in charge to administrate the
instruments in this investigation was the researcher herself for both
groups; recognizing possible experimenter’s bias and handling high
levels of professional ethics.
■ 
In this investigation the pre-test and post-test to measure the
learning achievement were applied with an interval of four weeks,
so as to prevent the initial test from affecting the final test. Likewise,
students were not informed about the pre-test and post-test, so
these were applied as part of a grade on the evaluation of the study
program.

Procedures
First phase
During the first phase, lesson plans were designed for both the
experimental and the control group. In the first group planning, the
teacher investigated, gathered and selected a variety of projects related
to the topics to be taught. In the second group, the planning was made
based on the traditional methodology, as may be seen in table 1. For the
experimental group, projects were designed according to the learning
styles of the students, as well as to the contents that should be included
in the foreign language Spanish 1 study program. A plan was made for
every two periods of lessons, being each lesson of 90 minutes (this was
due to the fact that students of the International Baccalaureate program
only see their teacher three times per week). Every lesson included a
grading guide to assess every project. In this same period, the researcher
drafted and sent the permission letters for the study to parents and
students.
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Second phase
During the second phase, students of the experimental group answered the
online VARK (visual, reading-writing, hearing, kinesthetic) questionnaire
offered by the researcher, which provided information of the learning
style of each student. Later, the pre-test was applied to both groups, in
order to assess the knowledge variable.
This test measured the contents that should be taught during the
estimated time according to the study program specified by the county.
Consequently, the first lesson plan was applied, explaining the nature of
the application of the Project-Based Learning (PBL) method, expectations,
grading guides and presentations, and finally, the groups were formed
according to their style and interests, those based on the data obtained
from the previous questionnaire, that is, the PBL was applied once the
learning styles of students were identified, since they were taken into
account for the project assignment. At the same time, the traditional
teaching method of Spanish was applied to the control group.

Third phase
During the third and last phase, the lesson plans proposed were finalized.
At the end of this phase, the post-test was applied to both groups, which
provided quantitative information regarding content learning between
the two groups. In the same way, that same week the survey which
measured the motivation and the effect that PBL would generate in the
students’ learning perception towards the study of a second language,
was conducted.
Finally, the corresponding tabulations, analysis and conclusions from
the data gathered with the applied instruments, were made.

Results
Academic achievement variable
When examining the relationship between the independent variable and
the academic achievement, and according to the results shown by the
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data gathering instrument to measure this variable in particular, and the
pre-test and post-test, it was ascertained that the performance/learning
of students from the experimental group was higher than that of students
from the control group, this regarding the academic achievement.
Therefore, and according to the results, we can affirm that Project-Based
Learning affects the use and learning of contents among students with
high intellectual abilities who are studying a second language, as well as
the fact that PBL allows a higher knowledge retention.
As may be seen in graphic I and tables I and II, students were able
to increase their academic performance in Spanish, as a consequence
of the application of PBL. Therefore, the use of Project-Based Learning
is more efficient, satisfactory and has an impact on the knowledge
categories assessed. This, in turn, confirms that the hypothesis previously
formulated is true.

GRAPHIC I. Academic achievement variable
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TABLE I. Means, standard deviations and effect size of the punctuations of the global test for
control and experimental groups
CONTROL GROUP

EXPERIMENTAL GROUP

Pre-test

Post-test

Pre-test

Post-test

Mean

1.75

3.65

1.57

4.14

Standard deviation.

1.33

1.27

1.21

1.46114

Cohen’s d

0.58991

Effect size
20

N (sample size)

1.11
2.21346
0.74197

20

21

21

TABLE II. Statistical significance analysis
t

p-value

df

r (effect size)

Standard error
difference

N (sample
size)

Control group

4.6189

0.0001

38

0.5996

0.411

20

Experimental group

7.1904

0.001

40

0.7508

0.358

21

Learning motivation variable
After finishing the application of PBL and once the gathered data from
the questionnaire applied to students were analyzed, it was possible to
affirm that PBL generated a higher motivation, both extrinsic and intrinsic,
for Spanish learning among students of the experimental group. This was
due to the fact that projects were diverse and different depending on
their learning style, as well as because the product of those projects was
of their choice and according to their intelligence. In addition, they were
free, not only to choose their own group partners, but also to decide
by themselves the process, the product and the way to present it in the
classroom.

Revista de Educación, 380. April-Jun 2018, pp. 199-224
Received: 22-10-2016 Accepted: 17-11-2017

215

Landron, M. L., Agreda Montoro, M., Colmenero Ruiz, M.ª J. The effect of project-based learning in gifted students of a second language

GRAPHIC II. Results comparison regarding the motivation to study Spanish before and after PBL

In the same way, and according to the answers given by the experimental
group, their motivation increased or was positively affected because,
trough PBL, students were able to have some fun, since previously they
thought that learning a foreign language was a boring task. Besides, they
found learning a bit easier thanks to the projects. Consequently, they
were motivated not only to elaborate the product, but also to help their
partners if they had difficulties and to compete with other groups, as
they were eager to show a better result than the other groups.

Learning perception variable
Regarding the learning perception variable for a foreign language,
the questionnaire showed that students from the experimental group
improved their learning perception of it because they found, not only
that the lessons were more interesting and fun, but also because they felt
more confident to carry out the projects, to ask their partners when in
doubt and to guide other partners when they needed more help. Besides,
they were also challenged to develop a new product, according to their
own interests and learning styles. In addition, their answers showed a
positive result in this variable, as students perceived that they could learn
more easily the contents of the lessons because of the differentiated
selection and the adjustment to their style, as well as because of the
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freedom they had regarding the selection of the product, the workgroup
and the way to present their final product.

Discussion
Project-Based Learning affects mainly in the use and content learning
of students with high intellectual abilities who are studying a second
language. Moreover, this method allows a higher knowledge retention;
this was previously claimed by Stanford, Crowe & Flice (2010), who
affirm that, through these effective and motivational strategies, students
could show a learning and academic increase. In turn, this is widely
documented in the investigations previously referred by Bender (2012),
who mentioned that in the studies carried out by Scott (1994), Stepien &
Gallagher (1993), Strobel & Van Barneveld (2008), Tassinari (1996) and
Walker & Leary (2009), they affirm that the use of PBL had increased the
achievement and learning of their students.
In the same way, with Project-Based Learning students are free, not
only to choose their own group partners, but also to decide by themselves
the process, the product and the way to present it in the classroom.
Therefore, and considering what Bender (2012) presented, all students
can take advantage of an innovative and efficient strategy that includes
their knowledge of preference and their learning styles in the classroom
–whose objective is to build knowledge.
In addition, students not only felt motivated to elaborate the product,
but also to help their partners if they had difficulties and to compete with
other groups as they were eager to show a better result than the other
groups. This way, it can be stated, following the assumptions of HmeloSilver (2004), that students with high intellectual abilities develop better
cognoscitive, confidence and eagerness skills to carry out a complex task
when they are motivated with interesting activities that challenge them
moderately.
The application of PBL in the field of education and learning of
second languages has been involved in a progressive development
over the past few years. Several studies emphasize that it allows the
development of linguistic-communicative competences, becoming a
resource to integrate language and the contents from the study program,
basic tasks within language didactics and the second language and
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Spanish language contexts (Livingstone & Ferreira, 2009; Sáez, 2002);
making the application of knowledge in the students’ real life feasible
in a significant and comprehensive way (Tano, 2016). All of this is due
to the fact that they provide the opportunity to find a real context to
manage to communicate in another language through learning tasks,
generating interest among the students and overcoming the classroom
limits (Díaz & Suñén, 2016).
Finally, students perceive that they could learn more easily the
contents of the lessons because of the differentiated selection and the
adjustment to their style, as well as because of the freedom they had
regarding the selection of the product, the workgroup and the way to
present their final product. This result is corroborated by Tomlinson
(2005) when establishing that students tend to participate more actively
and study and develop their second language knowledge skills because
they feel that they have a good perception on their learning as they have
more control over it.

Conclusions
This research allows to say that Project-based Learning (PBL) is a
successful and promising strategy for teachers in Hillsborough county,
Tampa, Florida. That is because PBL allows the teacher to make teaching
attractive and challenging through projects which students enjoy. Besides,
the teacher gets the students actively involved and makes them work
together to make their work more meaningful. The use of this strategy
by teachers will successfully help in their teaching evaluations, as the
crucial point in these evaluations is making the students be consistently
proactive and involved in their learning, as well as designing and
implementing activities to stimulate a high thinking level, and this could
be proved through all the field work.
Regarding the students involved, PBL is a good strategy resulting not
only in a knowledge-related achievements’ increase, as after completing
the project –understood as “completing” the whole process of selection,
planning, problem solving, etc.–, students understand in more depth the
contents, which means that they would remember what they learn and
retain it for a longer period of time –as opposed to what usually happens
with traditional education. Therefore, the students learning the contents
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through PBL are more likely to apply what they know and are able to
create new situations, as it has been shown in this study. The students
not only had to verify their knowledge while elaborating the product, but
also when presenting it to the group, when creating a knowledge activity
for the rest of the students and when taking the knowledge examination.
Likewise, it might be concluded that PBL increases motivation among
high intellectual ability students for foreign language learning through
projects with differentiated instruction and learning styles, because
PBL makes learning more attractive and challenging. Initially, students
found it boring and tiresome to learn a foreign language. However,
thanks to this strategy they have been active and got involved in the
learning process. This could be attributed, mostly, to the freedom they
had to choose their product, as they were designed according to multiple
intelligences and learning styles. This resulted in fun, confidence and
eagerness to complete the task. Consequently, the outcome was a
positive change in their learning motivation. This point was corroborated
in previous investigations such as Marzano & Pickering (2010). These
authors demonstrated in their studies that offering options to students at
all age levels, frequently increases their motivation, which was observed
through the increase of their effort, task performance and eagerness to
learn.
Regarding the perception, this investigation could only conclude that
when students are involved in the whole instruction process they can
choose what to do and with whom, what product to create, and solve
all the inconveniences by themselves, that is to say, when they have the
control, the perception of the lesson or the topic to be learned changes
significantly, as everything they do attracts their attention and gets them
involved.
In the same way, this investigation also showed with certainty that,
when using PBL, new skills are developed in this kind of students, such
as:
■ Critical thinking. When carrying out this kind of projects, students’
critical thinking was developed regarding planning, execution,
problem solving and final product, which represents a positive
point for the implementation of this type of instructional strategy.
■ 
Creativity. In PBL, the lesson planning was supported by
differentiated instruction, although a variety of products were
offered, according to the students’ intelligences, the final product
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was unique and creative. That is, students will develop creativity
skills to fulfill the project and present it to the group, which was
also beneficial to prove the effectiveness of this strategy. In addition,
the fact of asking the groups to elaborate a possible checking task
for the rest of groups, allowed their creativity to flow, as they were
asked not to repeat the activities. This encouraged them to find new
ways to measure knowledge.
■ Self-learning and responsibility. Even though students had grading
guides for the lesson plans, as well as parameters to carry out the
projects, they had to implement self-learning and responsibility
in order to be able to meet, not only the scheduled time for the
projects, but also the way and structure in which they had to be
done. The result was an increase on these two skills, which would
be very beneficial for this kind of students as, due to the volume
of work that they usually manage, they tend to postpone or deliver
their tasks and projects late, after the scheduled date.
■ Collaboration. With this type of strategy, collaborative skills among
students were clearly increased, as they needed each other to carry
out the project. The constant communication, the explanation from
students who understood the topic to those who did not, the mutual
help provided regarding technology, the elaboration of activities
for the class, the practice, the distribution of responsibilities, the
product review and much more, contributed to the positive and
quick development of these skills when using PBL.
In addition to the above, another advantage of the use of this strategy
resides in PBL power to act as a self-reflexive tool. A review of relevant
literature (Rogers, 2007), reveals that this kind of projects help students
to develop a sense of confidence and interdependence. Students await
opportunities to collaborate and these should be provided in order to
share the achievements and difficulties with the others.
Lastly, the results of this study plus the existing literature from
other investigations presented in this thesis, provide a strong argument
supporting that PBL is a strategy that, when used appropriately and
learned by the teacher, can be an effective and motivational tool with
positive results in a second language learning for students with high
intellectual abilities.
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Sahin, F., Güven, İ. & Yurdatap , M. (2011). Development impact
of the scientific process skills in preschool children of projectbased training applications. Available on: http://ecc.isc.gov.ir/
showJournal/26501/52686/696913
Schlemmer, D. & Schlemmer, P. (2008) Teaching Beyond the Test
Differentiated Project-Based Learning in a Standards-Based Age.
Minneapolis: Green Press.
Scott, C. A. (1994). Project-based science: Reflections of a middle school
teacher. The Elementary School Journal, 1(1), 75-94
Sousa, D. (2009). How the gifted brain learns. (Second edition). Thousand
Oaks, CA: Corwin Press.
Stanford, P., Crowe, M.W., Flice, H. (2010). Differentiating with Technology.
Teaching Exceptional Children Plus, 6(4), 1.
Stanley, T. (2012). Project-based learning for gifted students: A handbook
for the 21st-century classroom. Waco, Tex.: Prufrock Press Inc.
Stepien, W., & Gallagher, S. (1993). Problem-based learning: As authentic
as it gets. Educational Leadership, 50(1), 25- 28
Strobel, J., & Van Barneveld, A. (2009). When is PBL more effective? A
meta-synthesis of meta-analyses comparing PBL to conventional
classrooms. Interdisciplinary Journal of Problem-based Learning,
3(1), 4.
Tano, M. (2016). L’apprentissage par problèmes: une méthode active
d’enseignement des langues étrangères pour spécialistes d’autres
disciplines. Recherche et pratiques pédagogiques en langues de
spécialité. Cahiers de l’Apliut, 35(spécial 1).
Tassinari, M. (1996). Hands-On Projects Take Students Beyond the Book.
Social Studies Review, 34(3), 16-20
Tomlinson, C. A. (2005). Differentiating Instruction: Why Bother? National
Middle School Association (NJ1), 9(1), 12-14.
Tseng, W. T., Dornyei, Z., & Schmitt, N. (2006). A new approach to
assessing strategic learning: The case of self-regulation in vocabulary
acquisition. Applied Linguistics, 27(1), 78-102.

Revista de Educación, 380. April-Jun 2018, pp. 199-224
Received: 22-10-2016 Accepted: 17-11-2017

223

Landron, M. L., Agreda Montoro, M., Colmenero Ruiz, M.ª J. The effect of project-based learning in gifted students of a second language

Walker, A., & Leary, H. (2009). A problem based learning meta-analysis:
Differences across problem types, implementation types, disciplines,
and assessment levels. Interdisciplinary Journal of Problem-based
Learning, 3(1), 6.
Ward, J. D., & Lee, C. L. (2002). A review of problem based learning.
Journal of Family and Consumer Sciences Education, 20(1), 16–20.

Contact address: Martha Lucia Landron. Universidad Internacional
Iberoamericana. Facultad de Ciencias del Lenguaje, Educación y Comunicaciones.
Departamento de Pedagogía. 9032 Westbay Blvd. Tampa, Florida. Zip Code
33615. USA. Correo electrónico: martha@easy-direct.com

224

Revista de Educación, 380. April-Jun 2018, pp. 199-224
Received: 22-10-2016 Accepted: 17-11-2017

Reviews

Reviews

Carrascal Domínguez, S., y Ceballos Viro, I. (coords.) (2017). 12
Miradas: Perspectivas actuales en educación, arte y sociedad.
Madrid: Universitas. 257 pp. ISBN: 978-84-7991-476-9.
This is a collective work carried out by members of the Research Group
Culture, Society and Education (CSE) from the Faculty of Education at the
Camilo José Cela University, in collaboration with other professors and
researchers.
In a context in which education needs to evolve at the same speed
as society does, this book does not suggest only twelve visions but a
set of adequate lenses to understand education, culture and society. The
Research Group CSE reflects about the teaching and learning processes
in tight relationship with society and art. Their objective is to offer
innovations and proposals supported by solid scientific foundation and
they do it through twelve different perspectives, belonging to fields as
diverse as music education, special needs or cinema.
The book is divided in three parts that address relationships among
culture, society and education. The first part, entitled Perspectives in
Teaching and Learning, starts with a chapter about the connection
between the correct use of ICT and the development of executive
intelligence, necessary to conduct functions such as sustained attention,
task planning or working memory among others. The second chapter
analyses through a questionnaire the training of Physical Education
teachers on teaching styles and how they apply them to their lessons.
The third chapter studies the positive influence that coaching could have
in Early Years as a methodology to facilitate emotional development
among students.
The second part, Perspectives in Education and Arts, presents five
chapters which reflect on the inclusion of different arts as a vehicle for
learning. The first three chapters share a common visual perspective:
the first one proposes to work on visual literacy with students with
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intellectual disability through the use of photographs, as a tool to
develop social and civic competences; the second chapter analyses the
features and educational possibilities of literary genres and formats in
which illustrations have a key role, as in the case of picturebooks, comics
or visual poetry, for example; the third one reflects on the importance
of media and audiovisual literacy as a fundamental element of education
in current society, offering also a set of teaching resources. The second
block of this part continues with a chapter about the importance of music
for the development of sensibility and emotional education, beyond the
cultural and artistic competences that are traditionally addressed. Finally,
authors present a chapter which defends the inclusion of flamenco
tap dance in the curriculum, providing activities and resources for the
classroom.
The third part of the book is entitled Perspectives in Education and
Society and is focused on the relationship between the education system
and its sociocultural context. The first chapter analyses the competences
in the current legal framework from an anthropological perspective,
in order to establish what cultural models underlie in the education
standards. The second chapter emphasises the need of promoting
healthy habits from Early Years, highlighting again the importance
of emotional education. The third chapter reflects on the situation of
immigrant students in the current education system, considering diversity
and intercultural education and studying the influence of the linguistic
factor for integration. The last chapter of this part focuses on bullying,
investigating the perception that high school principals have about this
phenomenon.
As a conclusion, this book explores lines of research and horizons with
current relevance in the education landscape, with the aim of meeting
the needs of our sociocultural context. One of their mayor assets is the
defence of art as an educational resource, transformational element and
fundamental link between school and society. On the other hand, the
acknowledgment of the importance of teacher professional development
is patent throughout the book, stating the commitment of the Research
Group CSE with lifelong learning.
Marta Larragueta Arribas
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Annual report 2017

Annual report 2016. Revista de Educación

José Luis Gaviria
Managing editor

This report summarizes the editorial activities of the Revista de Educación
in 2017. It shows the statistical data of the articles received and published,
as well as the main advances in the edition of the journal.
In this second issue, you can find the list of reviewers who have
evaluated articles for this period as well as the list of authors who have
published articles in the journal in 2017.

Articles received and published in 2017
Articles received by sections
The Editorial Office of our journal received a total of 516 articles
throughout 2017, representing an increase of about 5% over 2016. In
figure I is shown the distribution of articles by section.
The research section still gets the largest number of originals (95%)
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FIGURE I. Total number of articles received in 2017 by sections

Results of the external peer-reviewed articles: Accepted and rejected
articles in 2017
Of all the research articles received by the Editor, 88 % were rejected or
discarded.
Of all the research papers received in 2017, 42 are still under
review, 453 have been disregarded or rejected, 5 have been accepted
for publication and published in 2017 and 16 have been published or
accepted for publication in 2018. The rest of the articles published in
2017 were not received in 2017 and therefore were not counted in this
computation.
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FIGURE II. Progress of the articles received in 2017

In 2017 the journal published a total of 31 articles.
The following figure shows the distribution of articles published in
the different sections by year (2016-2017).

FIGURE III. Comparison of published articles by section (2016-2017)

Figure IV shows the distribution of all articles published in 2017 by
issue.
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FIGURE IV. Articles published in each issue of the journal in 2017

The editorial policy of the journal has as a priority the publication
of articles of only the highest scientific quality and the utmost general
interest. This implies a reduced number of original articles published
with regards to previous periods. That reduction, together with stricter
selection criteria has had positive repercussions on the impact factor of
the journal, as will be developed in further sections.

Topics of the monographic section in 2017
The monographic section of each issue has disappeared since number
361 onwards. Editorial policy establishes that one issue per year would
include a monographic section at most, always carefully considering the
special interest of the selected topic.

Publishing process: Management, revision and publication of articles
Average time between article reception and its final publication
Figure V shows the average time, in days elapsed from reception of a
paper to its final publication.
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Time elapsed between the reception of an original and its publication
has reduced along 2017, despite the above-mentioned increase in the
number of originals received. That time depends, in general terms, on
the number of articles received and, in particular, on the diligence of
external reviewers.
This reduction is a primary objective of our publication, for the benefit
of our journal and for the authors’ benefit too.
The shorter the time between the ending of a research and its availability
to the community, the better for that community and for the authors.
As for the rejected articles, it is for the best interest of the authors to
know such information as soon as possible so that they can make the
necessary modifications, or to find a more suitable publication mean.
For that reason, Revista de Educación is making an effort to reduce to
a minimum the processing time of articles discarded in the first review.
This way the authors can look for alternatives for their manuscripts while
the pressure over the reviewers of the journal is minimized, being able
then to focus on articles that passed the first round.
With this objective in mind, the journal has published a list of categories
of works that as a general rule, and but for cases whose exceptionality
the editorial board will consider, Revista de Educación will not publish:
■ 
Summaries

of literature on a given topic
■ 
Summaries of academic papers
■ 
Instrument validation studies
■ 
Evaluations of particular intervention programs
■ 
Opinion or attitude survey results
■ 
Reports on didactic innovations at local level
■ 
Scientific divulgation works
■ 
Opinion articles
■ 
Studies in which the sample used and the method of its selection,
the instruments or their technical characteristics are not clearly
specified
■ 
Works based on small or incidental samples, such as groups of
students from a single school or University with little possibility of
generalization
In this sense, if a work has recently been published on a given subject,
it is unlikely that the same topic will be addressed again, except that the
new article supposes a very relevant contribution.
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FIGURE V. Average time between reception and publication of related issues (2016-2017).

2017 Revision statistics
FIGURE VI. Average time in calendar days to respond to the request for review (2017)

Figure VI shows that, as an average, reviewers met the term of the
requested review. These are average values, implying that in some cases
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the process can take a significantly a longer or shorter time. As can be
seen, it is precisely in the case of the rejected articles when the time
involved is longer.

Dissemination of relevant works in the field of education
In 2017, 5 book reviews were published. Figure VII shows the distribution
of published reviews by issue.

FIGURE VII. Books reviewed and books received in every issue published in 2017

Editorial strategy and results
Along 2017 the process initiated in 2005 has continued. This process has
the objective of aligning Revista de Educación with the most demanding
quality indicators for scientific journals as well as improving its impact
factor, particularly in the most prestigious international databases.
Revista de Educación appears in the following sources of bibliographic
documentation:
National Databases
• RESH (Revistas Españolas de Ciencias Sociales y Humanas)
• BEG (GENCAT)
• ISOC
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• PSICODOC
• DIALNET
• REDINED (Red de Bases de Datos de Información Educativa)
International Databases
•
•
•
•
•
•
•
•
•
•
•
•
•

Social Sciences Citation Index (SSCI)
Social Scisearch®
Journal Citation Reports/Social Sciences Edition
SCOPUS (Elsevier B.V.)
European Reference Index for the Humanities (ERIH)
Ulrich’s Periodicals Index Directory
LATINDEX (Iberoamericana)
Sociological Abstracts (CSA Illumina)
PIO (Periodical Index Online, Reino Unido)
IRESIE (México)
ICIST (Canadá)
HEDBIB (UNESCO-Higher Education Bibliography)
SWETSNET (Holanda)

Platforms of journal evaluation
•	SCImago Journal & Country Rank (SJR)
•	CARHUS Plus+
•	Matriu d’Informació per a l’Avaluació de Revistes (MIAR)
•	Clasificación Integrada de Revistas Científicas (CIRC)
•	Difusión y Calidad Editorial de las Revistas Españolas de Humanidades
y Ciencias Sociales y Jurídicas (DICE)
National Catalogues
•	Consejo Superior de Investigaciones Científicas (CSIC-ISOC)
•	Red de Bibliotecas Universitarias (REBIUN)
•	Centro Nacional de Innovación e Investigación Educativa (Ministerio
de Educación, Cultura y Deporte)
•	Catálogo Colectivo de Publicaciones Periódicas en Bibliotecas
Españolas (Ministerio de Educación)
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International catalogues
•	WorldCat (USA)
•	Online Computer Library Center (USA)
•	Library of Congress (LC)
•	The British Library Current Serials Received
•	King’s College London
•	Catalogue Collectif de France (CCFr)
•	Centro de Recursos Documentales e Informáticos de la Organización
de Estados Iberoamericanos (OEI)
•	COPAC, National, Academic and Specialist Library Catalogue (Reino
Unido)
•	SUDOC, Catalogue du Système Universitaire de Documentation
(Francia)
•	ZDB, Zeitschriftendatenbank (Alemania)
Thomson-Reuters (Clarivate Analytics) published, in Jun 2017, the
2016 impact factor of journals indexed in the Social Sciences Citation
Index (SSCI).
Revista de Educación has an impact factor of 1.185 in JCR, occupying
the position 108 of 235 in the set of journals belonging to the subject
category Education & Educational Research. This indicator is based on
articles published in 2015 and 2014.
In the Journal Citation Reports ( JCR) published on Jun 2017, Revista
de Educación has much improved its impact factor with regards to 2016.
The 2016 impact factor is 1.185 while the corresponding value of 2015
was 0.845.
On 2015 the journal climbed from Q3 to Q2 on the Education &
Educational Research heading. Its position has also evolved from 124th of
a total of 231 journals to 108th out of 235.
The number of citations received in 2016 by articles published in
2015 and 2014 has been 1320 while the number was 685 in 2015, as per
articles published in 2014 and 2013.
Since 2010 the journal has reached its highest impact factor as well
as the highest impact factor when the citation window is five years long
(1.327). Similarly, the average citation life has peaked on 2016. This
indicator shows us that half of the Revista de Educación articles cited on
2016 were published 7.3 years back on average.
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This indicator provides an approximation to the current validity of
articles published since 2010.
Despite these indicators being a positive sign of the quality of the
journal, many factors affect its stability. It means we cannot only rely
on those values. Comparisons with other journals on yearly basis show
us a great deal of variability. That is why our goal is to keep a stable
editorial line assuring a good position of the journal with regards to the
consideration of the educational and scholarly community it serves.
Further information on Journal Citation Reports and the impact factor
can be found at: www.accesowok.fecyt.es/jcr/
Revista de Educación is published only in electronic format, although
there is an option to receive a printed version if expressly requested
of the Subdirección General de Documentación y Publicaciones del
Ministerio de Educación, Cultura y Deporte, which has established
a printing service on demand. This same option serves subscriptions
(individual and institutional), sales, and exchanges with other prestigious
national and international educational journals which are included in the
Education Library.
In 2017 the publication of the Newsletter has continued, initially
understood as a communication channel between the journal and its
readers. The contents of this newsletter are related to news concerning
Revista de Educación
Authors of Revista de Educación have been invited to include a post
about the contents of their articles published in the journal in the blog
of the Instituto Nacional de Evaluación Educativa (National Institute for
Educational Evaluation)
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