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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:

n National databases: ISOC, BEG (GENCAT), PSICODOC, DIALNET, y REDINED (Red de
Bases de Datos de Información Educativa).

n 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).

n 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). 

n Directories: Ulrich’s Periodicals Directory.

n 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).

n 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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The Economic Consequences of Implementing Tuition Free
Tertiary Education in Chile1

Las Consecuencias Económicas de un Sistema de Educación
Superior Gratuito en Chile

DOI: 10.4438/1988-592X-RE-2015-370-295

Ricardo Espinoza

Sergio Urzúa

University of Maryland

Abstract
This paper examines the economic consequences of making tertiary education

free in Chile. We present cost estimates under different scenarios and we discuss
the complexity of its implementation. We document the significant improvements
in coverage in the country, which resulted from private efforts to pay for tertiary
education. On the other hand, we argue that current market failures are due to
the inefficient financing system, poor information, and the lack of competition
for quality. None of these reasons justify making education free of charge.
Our results suggest that making tertiary education free would impose a fiscal

burden of 1% of GDP. Given this increase, and keeping public expenditure
constant across other education levels constant, Chile would become the OECD
country with the highest expenditure in tertiary education relative to primary
and secondary levels.
We argue that Chile should promote competition among institutions, with

tuition costs reflecting it. The State may contribute to this process by providing
funds to institutions on a competitive basis avoiding any form of discrimination.

Revista de Educación, 370. October-December 2015, pp. 10-37
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(1) Preliminary results were presented in May 2014 at the conference “Las Caras de la Gratuidad”, organized
by the Latin American Center of Public and Economic Policies (CLAPES-UC) of the Universidad Católica de
Chile.



This would improve programs, infrastructure and quality in general.  More
resources allocated on a competitive basis and using transparent mechanisms
should not only reduce tuition costs but also incentive investments leading to
higher quality. 

Keywords: Tuition-free tertiary education, education policy, government
expenditures.

Resumen
Este documento pone en contexto la propuesta de gratuidad en el sistema de

educación superior chileno. El texto presenta una estimación de los costos de la
propuesta bajo distintos escenarios, y discute algunos de los problemas prácticos
asociados a su implementación. La gratuidad puede significar obligaciones para
el fisco superiores a un punto del producto, y de no incrementar
proporcionalmente el gasto en el resto de los niveles educacionales, constituiría
a Chile en la nación de la OCDE que menos gasta relativamente en educación
primaria y secundaria respecto de educación terciaria.
Mostramos que Chile ha logrado avanzar rápidamente en cobertura, aún

cuando no ha seguido un sistema gratuito de educación superior. Por otra parte,
planteamos que las fallas actuales del sistema se deben a la ineficiente estructura
de financiamiento de las instituciones y a una falta de competencia por calidad.
Creemos que Chile debiese avanzar hacia un sistema en el cual se generen

incentivos para asegurar la calidad y en donde los aranceles de matrícula reflejen
los costos y calidad reales asociado a lo que recibe el estudiante. El Estado puede
contribuir a este proceso desarrollando procesos competitivos por fondos
públicos en donde las instituciones de educación superior puedan participar en
igualdad de condiciones, con proyectos evaluados por su mérito y no por las
características de quien los propone. Con todo, mayores recursos para dichas
actividades asignadas en base a un sistema objetivo, no discriminatorio y
transparente en su asignación, y mayor competencia en el sistema, terminaría no
solamente reduciendo los costos arancelarios sino que también incentivaría la
calidad. Nuestras conclusiones si bien aplican a Chile, pueden ser extrapolados
a otras naciones en vías de desarrollo.

Palabras clave: gratuidad, educación superior, políticas educacionales, costo
fiscal 
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Introduction

The Chilean tertiary education system has undergone significant changes
in recent decades. In 1970, its enrollment rate was close to 10%. However,
the structural reform implemented in the early ‘80s generated the
conditions for a rapid expansion. At its core, the changes promoted the
participation of private providers, along with the creation of «Technical
Training Centers» (TTC) and “Professional Institutes»(PI), offering two-
and four- year degrees. Although, during the first few years after the
reform rather slow changes were observed, substantial increases in supply
and coverage characterized the end of the 80s. In fact, by 1990 there were
nearly 300 Higher Education Institutions (HEI) and the enrollment rate
exceeded 20%. The phenomenon persisted throughout the following
decades - by 2000 the enrollment had doubled again, reaching 40% - and
even accelerated with the emergence of new financing mechanisms (e.g.
state-guaranteed student loans) enabling further increases in enrollment
rates, especially among non-traditional private institutions.
More than thirty years since the original reform, the demands for new

changes have come into view (González, 2014). Student complains,
initially motivated by the lack of quality in the system fueled the idea that
a new round of structural changes was long overdue. Among these,
universal tuition-free tertiary education emerged as a fundamental pillar
of a new model.2

Proponents of the change posited a “paradigm shift, which involves
moving from education as a commodity that can be traded in the market
and competition as a regulatory mechanism, to a centralized educational
system that offers a social right to all children and youths in Chile».3 The
rationale for this proposal, however, is not obvious and important
elements need to be taken into account before judging its technical merits.
For example, those promoting the idea of tuition-free tertiary education
appear largely influenced by the experiences of Nordic countries, which
are quite idiosyncratic and different from the Chilean experience. In fact,
if Chile had implemented a model of free tertiary education back in the
1980s, which imposes high fiscal costs; the country would have most
likely not sustained the significant coverage increase. 
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(2) Tertiary education is defined as degrees in categories ISCED 5 and 6 (OCDE). Then, post-graduate programs
are excluded from the analysis.

(3) Translated from president Bachelet election programme.



This paper seeks to contribute to the debate offering technical
arguments against the idea of tuition-free tertiary education in Chile. First,
we document the significant progress made by Chile in enrollment rates,
where elements such as increased supply and, ultimately, greater access to
financial aid (loans) played a fundamental role. These developments, as we
shall see below, allowed Chile to reach coverage levels comparable to those
of developed nations. Second, we present evidence showing that spending
on tertiary education (as a percentage of GDP) in Chile is comparatively
high, even relative to those of developed countries. We also show that
individuals (students and families) finance a high percentage of that
expenditure. Unfortunately, a poorly competitive financing market might
have contributed to keep tuition fees high Finally, we analyze the incentive
problems and monetary costs associated with the idea of free of charge
tertiary education. We show that even under conservative assumptions this
would increase fiscal obligations in at least 1% of GDP per year.
Despite our criticisms, our analysis does suggest that the tertiary

education system, particularly the way it is funded, must be revised.
However, our point is that in light of the evidence and the diagnosis, the
proposed idea (free higher education) is the wrong medicine for the fever
affecting the system, namely, its heterogeneous quality. Making tertiary
education free would not improve its quality. It would rather alleviate the
financial cost of studying in a system with flaws and, of course, would
meet the immediate demands of certain groups of interest.
The paper is organized as follows. The next section analyzes several

aspects of the Chilean higher education system, comparing them with
other countries. Section 3 presents cost estimates associated with the idea
of free tertiary education. The last section concludes.

Chile in the world

Chile is the Latin American country with the highest gross enrollment rate
in tertiary education. In fact, with a coverage rate of 71% in 2011, the
nation has one of the world’s highest enrollment rates, well above the
region average (44.8%)4. Figure I illustrates this situation. It displays the
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(4) According to the World Bank, the gross enrollment rate is defined as the «total enrollment in tertiary
education (ISCED 5 and 6), regardless of age, expressed as a percentage of the total population of the five-
year age group following on from secondary school leaving».



relationship between GDP per capita (adjusted for purchasing power
parity) and gross enrollment rates for a set of countries in year 2011.

FIGURE I. gDp per capita and gross enrollment rate

Source: EdStats (World Bank). 

Given its income level, Chile’s gross enrollment rate is above the
international trend. The level is comparable to those observed in
developed countries such as Austria, Netherlands, Ireland, Sweden and
Norway. However, the path through which Chile reached this level has
been quite distinctive. As shown in Figure II, while Sweden and Norway
slowly increased their enrollment rates over a period of nearly fifty years,
Chile made the same progress in just over two decades. 
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FIGURE II. Enrollment rate change and gDp per capita

Source: EdStast (World Bank). continuous lines are exponential trendlines of the series 

Specifically, Figure II shows that while Chile increased its enrollment
rate from 30% to around 75% during the last 15 years, Norway did it in a
span of 30 years. Comparing Chile and Sweden delivers a similar
conclusion. On the other hand, relative to France, a country with a high-
quality tertiary education system, Chile displays higher enrollment rates. 
Therefore, it is clear that there are fundamental differences between

Chile and other countries in terms of how their tertiary education systems
evolved over time. This is important, given the demands for implementing
policies along the lines of what countries such as Sweden and Norway
have done (tuition free higher education). Unfortunately, many of these
ideas are not only unconnected to the Chilean model, but also they are
not consistent with its real needs and challenges. We return to this point
in the next section.
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Expenditure in Higher Education

As a percentage of GDP

A comparative analysis suggests that Chile’s expenditure in tertiary
education is relatively high, even compared to many other OECD
countries. In particular, while Chile’s education spending in 2009 was
about 2.4% of GDP, the average among OECD countries reached 1.7%. In
fact, Figure III shows that only three countries in the OECD spend more
than Chile in tertiary education (as a percentage of GDP).

FIGURE III. Tertiary Education Expenditure as percentage of gDp (2009)

Source: Education at glance 2012, OcDE.

Figure III also shows that approximately two third of Chile’s
expenditure is private, a fact also observed in countries like South Korea
or the United States.
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Per capita expenditure

Figure IV shows tertiary education expenditures as percentage of per
capita income. Chile spends less than the United States or Canada, whose
expenditure amounts to 55%, but more than Australia, Austria, Belgium,
Ireland and South Korea. In lights of these results, we can conclude that
Chile is not on either end of the spending’s ranking among OECD
countries.
However, a simple decomposition of overall tertiary education

expenditure leads to a different conclusion. Figure V repeats the analysis
of Figure IV, but now excluding the resources allocated to research and
development (R&D). Hence the new figure ranks the OECD countries
according to the resources dedicated to direct educational activities,
mainly teaching. In this case, Chile emerges as top three in the list, only
behind the United States and Mexico. 

FIGURE IV. Tertiary education expenditure as percentage of gDp (2009)

Source: Education at glance 2012, OcDE
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FIGURE V. Tertiary education expenditure as percentage of gDp excluding R&D (2009)

Source: Education at glance 2012, OcDE.

Why does Chile spend so much in tertiary education (excluding R&D)?
The answer is not obvious although we believe the lack of competition
for quality and the structure of its financing system play important roles.
First of all, there is evidence documenting that tuition fees generally do
not reflect the private return of education (Urzúa, 2012). This is not
surprising given the way universities are internally organized, which
prevents tuition costs to reflect the (marginal or average) cost of teaching.
More precisely, universities often use tuition revenues to finance activities
that are unrelated to teaching services. In this context, and since the main
source of income is tuition fees paid by students, they end up covering
all operational cost, even investments, with them. This creates significant
pressure on fees. For any tertiary education institution, the fastest and
most effective way of increasing revenues is increasing them. 
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In addition, the presence of information asymmetries, little competition
and the lack of reputation make also prevent prices (tuition) from
reflecting the costs and quality of education services. The phenomenon
is particularly prevalent among teaching oriented institutions of dubious
quality. When comparing their tuition levels with those of more “complex”
institutions, which conduct research, there are no significant differences
although their cost structures are presumably very different.5

FIGURE VI. Tertiary education expenditure and pSU distribution (2013)

Source: Author’s calculations using SIES data. 

In the context of high overall tertiary education expenditures per
student (excluding R & D), it is necessary to analyze how the costs are
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(5) For many years low-quality teaching oriented institutions have faced high demand due to public policies
promoting tertiary education. This explains their increasing efforts to invest in infrastructure (mainly
classrooms), which in turn have pressured tariffs to increase. But more importantly, given the information
asymmetries (quality is difficult to observe), none of these institutions have incentives to reveal their true
costs (or quality), since lower tuition fees could be interpreted as a sign of low quality.



distributed across the student population. For this purpose, we analyze
the total cost of the cohort of individuals who entered the tertiary
education system in 2013. Figure VI shows the distribution function of
education expenditure as a function of the individual results in the college
admission test (University Selection Test or PSU).6

The total cost (area under the function) is 1184 million dollars.
Formally, this is the annual cost in terms of tariffs and fees, only for the
cohort of students entering the tertiary education system in 2013. 
An important implications of the distribution of costs is that, in the

context of universal free tertiary education, the State of Chile would have
to finance proportionally more students with low scores in the PSU. In
fact, we see that the bulk of spending in terms of tariffs falls on students
with scores of 450 or less points. This information is key to identify the
groups receiving relatively more resources from the State in the event of
moving towards gratuity.
This also has implications for the distribution of total expenditure by

type of institution of tertiary education. Figure VII shows the economic
resources collected from tuition fees in 2013 by type of institution (CFT,
IP and Universities), distinguishing whether or not they are accredited.
The total amount is over 4800 million dollars. This would be the amount
that the State should disburse today to fund all tariffs and fees.
The results show that in aggregate terms, the universities receive a

higher percentage of the resources from tuition fees. 
Therefore, combining the evidence from Figures VI and VII, we

conclude that in the event of ensuring universal free tertiary education,
the State would spend proportionately more resources at universities that
attract students with scores PSU in the mid-low range of the distribution.
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(6) PSU is a standardized national test score. It is the principal determinant of admission to tertiary educa-
tion in Chile.



FIGURE VII. Total expenditure by institution type

Source: Author’s calculations using SIES data.

Chile is an exception

As previously documented, Chile has made remarkable progress in
increasing access to tertiary education. This achievement has been
possible thanks to the significant increases in total expenditure, coming
from both public and private sources. In particular, by creating and
promoting the idea of «tertiary education for all» as mean to fight poverty
and inequality, for decades different governments had played a crucial
role in this process. 
Have other countries showed this emphasis in tertiary education? Is

Chile an exception? Figure VIII compares the level of expenditure in that
level relative to primary and secondary for a set of countries in 2012.
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FIGURE VIII. Expenditure in primary and secondary education compared to tertiary

note The ratio is calculated by dividing the sum of total expenditure in primary and secondary education by total expenditure in

tertiary education. private and public expenditure are included

Source: Education at glance 2012, OcDE

Chile is among the countries with the lowest ratio of expenditure in
primary and secondary to tertiary education. Only Russia shows a lower
figure. For every dollar spent on tertiary education, Chile spends 1.4
dollars in primary and secondary education, whereas the OECD average
is 2.4. As shown in Figure IX, this asymmetry is even more profound if
we compare Chile with countries with similar GDP. In this case, Chile
emerges as an outlier in both absolute and relative levels.
This evidence suggests that the structure of Chile’s education

expenditure is not aligned with most countries, a situation that should
generate greater attention from policy makers. In particular, and given
the recent literature on the impact of high quality early education, it is
surprising how little Chile spends in education at early stages. Of course,
allocating further resources to tertiary education would exacerbate these
differences.
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FIGURE IX. Expenditure in primary and secondary education to tertiary versus pIB (2009)

Source: Education at glance 2012, OcDE

How costly would be tuition-free tertiary education in Chile?

In this section we present our estimates of the cost of implementing free
tertiary education in Chile. As documented above, currently nearly 70%
of total spending on this level comes from private sources. Consequently,
migrating to a free system would imply at least increasing public
expenditure to cover such expenditure. We estimate the incremental fiscal
costs under several scenarios, including possible demand increases as
well as efforts for higher quality. 
Our estimates are constructed using data from several sources. First,

current public expenditure in tertiary education is taken from the National
Budget Law of 2013. Second, information on tuition fees is obtained from
the National Education Council (CNED) and the Ministry of Education
(www.mifuturo.cl and SIES). Finally, the accreditation of tertiary education
institutions is available through the National Accreditation Commission
(CNA) website.
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Current public spending

As shown in Table I, the government expenditure in tertiary education in
year 2013 was 2315 million dollars.7 Scholarships and student loans
explain the vast majority of these resources, 70% to be more precise, as
more than 713000 students received financial aid in 2013. Roughly two-
thirds of this amount was directed to student in the first to quintiles of
the income distribution.
Table II, on the other hand, shows that total expenditure in grants and

loans almost doubled between 2009 and 2013. Most notably, the funds
devoted to State-guaranteed student loans, the most important source of
resources to pay tuition fees, increased by 1000% in this period.
Universities received about 80% of the overall funds dedicated to
scholarships and loans. On the other hand, CRUCH8 universities, a group
of the 25 institutions established before 1981, received 45.6% of the
overall resources, while the rest of the universities received only 34.4%.
Finally, TTCs and PIs received 6.2% and 13.7%, respectively. 
In what follows we proceed to describe our empirical strategy to

estimate the cost of providing free education. Key elements are the number
of students to benefit (Q), and the value of providing the educational
services (P). These allow us to estimate the total cost (P × Q).

The quantity: enrollment

The entry of new players after the 1981 reform, allowed for a rapid and
sustained increase in enrollment in tertiary education. In 1980, total
enrollment reached 118000 students while fifteen years later, in 1995, it
reached 340000 students, 68% of whom studied at universities. In the 90s,
enrollment increased at an average annual rate of 5.9%, while during the
next decade the figure reached an impressive 7.5% (Rolando, Salamanca
and Aliaga, 2010). As a result of this trend, more than 1.1 millions
individuals reported to be enrolled in tertiary education in Chile by 2013.
Table III presents the distribution of undergraduate students by of HEI
in 2013.
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(7) This represents 0.84% of GDP
(89 CRUCH stands for « Council of Rectors of the Universities of Chile» 



TABLE III. Enrollment by institution type (2013)

Source: SIES

Overall, universities enroll 57.9% of all students. It is also worth noting
that more than 85% of them study in private HEIs and that the vast
majority attends an accredited institution. These features of the system
are relevant for our cost calculations. 
In addition, we need to take into account the dynamics of student

enrollment as well as their dropout rates. Using administrative records,
we compute that almost one third of students enrolled in 2013 are first
year students (freshmen). This suggests that dropout rates must be
necessarily high. Pey, Duran and Jorquera (2012) confirm this hypothesis.
They show that retention rate at universities is 77% and 65% during first
and second years, respectively. Thus, roughly one out of four students
enroll in HEIs dropout by the end of their first year. Our strategy takes
this into account (see next section).
On the other hand, in sharp contrast to what is commonly believed,

only 30.8% of freshmen are recent high school graduates. In fact, the
average freshmen age of the 2013 cohort is 22.8 years. Hence, a large
fraction of students wait at least four years after obtaining a high school
diploma before enrolling in a tertiary education program. Table IV shows
the average age of freshmen students by type of program (degree). The
number of students in each category is displayed in brackets. 
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TABLE IV. Average age of incoming students (cohort 2013)

note: number of students in each category is shown in parenthesis

Source: SIES

Interestingly, those pursuing evening degrees in both IPs and TTCs
drive the high entry age. University freshmen are on average
approximately two years younger than those attending PIs and TTCs.9

The price: tuition fees

We now analyze the supply side of the tertiary education market. We
pay particular attention to prices and the programs offered. 
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(9) We cannot rule out the possibility that a freshmen was previously enrolled in a different program and this
age is the age she first entered the tertiary education system



Recent developments

Tuition fees have showed constant increments in recent years. In the
period 2005-2013, while the consumer price index (CPI) increased by
31%, many institutions raised their tuition fees by more than 80%. Figure
X shows how tuition fees and other prices have evolved since 2005. 

FIGURE X. Tuition fees and other prices

Source: InE and cnED

As discussed above, these tuition increases coincided with the
implementation of public policies extending financial aid in the form of
scholarships and publicly subsidized college loans. Although the causal
direction of this correlation has not been formally studied, a pass-through
from financial aid to tuition costs cannot be discarded (see Edwards and
McCluskey, 2009; for evidence on this phenomenon in the United States).
More precisely, if the supply side had been unable to quickly react to the
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increasing demand, a direct result of more scholarships and cheap loans;
we would have expected tuition fees to increase accordingly. Figure XI
presents evidence supporting this hypothesis, where “high CAE” refers to
the top 24 universities ranked based on the funds received from the State-
guarantee loan program (CAE), while “low CAE” denotes the rest. The
figure depicts the average tuition fees of universities classified as high or
low CAE during the period 2010-13. 

FIGURE XI. Tuition fees increase

note: linear trend display with continuous line. Exchange rate: 500.5 dollars/peso (2013 average)

Source: cnED and World Bank

From the figure we can conclude that between 2005 and 2013, on
average, high CAE universities increase tuitions fees more than
universities in the low CAE group. This suggests that part of the price
increase might be associated with the availability of more funding. 
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Price levels 

After analyzing the recent trends in tertiary education fees, which
illustrates how well-intentioned public policies can distort prices, we now
examine the current price levels, key ingredients of our cost calculations.
Figure XII presents the average tuition level by type of HEI. 10

FIGURE XII. Average tuition fees by institution type (year 2013)

note: We use the official average exchange rate for 2013: 500.5 dollars/peso. 

Source: SIES

Table V complements Figure XII, presenting average tuition fees by
type of institution and program as well as by accreditation status.
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(10) We show the average tuition weighted by the number of students.



TABLE V. Average tuition fees by institution, program and accreditation

note: Exchange rate used: 500.5 dollars/peso (2013 average) 

Source: SIES

Both Figure XII and Table V document a significant heterogeneity in
prices. Technical programs offered by IPs are the cheapest, while
professional programs in private universities are the most expensive. The
wide range of prices reflects a complex system of tertiary education:
multiple types of institutions offering multiple types of programs. In fact,
between 2007 and 2013, the total number of undergraduate programs
increased by 40%, from 8446 to almost 12000 programs. Figure XIII shows
this dynamic and Table VI presents the details by type of institution and
degree.
As shown in Table VI, in 2013 the Chilean tertiary education system

offered more than 11,700 programs. On the other hand, under a tuition
free system, the State must directly finance the HEIs under the form of
direct transfers. This imposes a significant technical challenge: How
would the Ministry of Education, or the institution in charge, set the levels
of those transfers to secure the efficient allocation of resources? Without
a competitive environment and excluding market forces, this appears as
a hard if not impossible task. 
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FIGURE XIII. Increase in the number of programs

TABLE VI. number of programs in 2013

Source: SIES.
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The cost of providing free tertiary education

The previous section presented the building blocks of our strategy to
estimate the costs of providing free tertiary education in Chile. However,
to quantify the incremental fiscal cost of the proposal we must also
consider how much private spending would need to be “crowded-out”.
Additionally, we must anticipate changes in the total demand, since zero
tuition costs should attract more students. Finally, given that high-quality
education is identified as one of the most important challenges in Chile,
our calculations also include the costs of boosting quality throughout the
country’s tertiary education system. 
To examine the relevance of the aforementioned dimensions, our

empirical strategy imposes different assumptions, generating the costs of
the proposal under multiple scenarios. 
It is noteworthy that our analysis is limited to estimating the cost

associated with tuition fees. It does not take into account the cost of
living, accommodation, materials, transportation or other education
expenses. Second, we exclude from the analysis the opportunity cost of
staying outside the labor market. Finally, we do not include the potential
higher tax revenues from higher earnings (and therefore higher income
tax) of new graduates.11

We define a baseline scenario (base), under which the cost of
providing tertiary education only includes the cost of substituting private
with public expenditure. This scenario does not take into account
potentials increase in demand or/and quality. The following list presents
our assumptions in detail: 

Enrollment

In 2013, 1114640 students were enrolled in any of the 11779 tertiary
education degrees offered in Chile. The baseline scenario considers that
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(11) De la Fuente and Jimeno (2009) show that the contribution through higher personal tax or social security
contribution has an impact on the estimated returns to education. Also, as Heckman et al. (2008) mention,
although the expansion of tertiary education can lead to a decline in its returns, it is expected a higher
tax collection due to an increase in the number of graduates. However, this effect is omitted from the cost
estimate and we only compute the tax burden associated with covering the costs of attending a tertiary
education program.



the student body does not change over time, so it remains the same as in
2013. 
At least two reasons suggest that this assumption is rather

conservative. First, enrollment in tertiary education has grown steadily in
recent years and it is likely to continue doing so even without new
reforms. Only between 2007 and 2013 the enrollment increased by 51%
(from 735480 to 1114640 students). Second, the demand elasticity is most
likely negative, so any price reduction should translate into more students
attending college. Based on these two factors, we complement our
baseline with two alternative scenarios in which we simulate demand
increasing by 15% and 25%, respectively. 
Our methodology also assumes that the allocation of students in

different programs does not vary over time. That is, the proportion of
students in each program does not change even if the tuition fees are set
to zero. We also assume that there is no change in the composition of the
supply side.

Tuition fees and education quality

Our baseline scenario uses the tuition fee levels of 2012, although
estimates are presented in 2013 dollars (adjusted according to CPI). 
While we do not formally define quality, we do link it to the cost of

providing a specific education service. Thus, in scenarios where we
assume an increase in quality, we use tuition fees charged by institutions
of recognized quality as benchmarks. Specifically, we assume that if a
university wants to offer a “high-quality” program, its costs must be similar
to the prices charged by the top universities in the country. A similar logic
applies in the cases of TTC and PI.12

Duration of the programs and dropout rates

Our methodology does not make specific assumptions on the actual
duration of the programs and dropout rates. We simply assume that they
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(12) Universidad de Chile and Universidad Católica in the case of universities and INACAP for CFTs and IPs



do not change with the reform. Importantly, we use actual rather than
theoretical duration.13

Main Results

We estimated the cost of providing free tertiary education for three
scenarios (in addition to the baseline). In the baseline, the total cost
reaches US$4800 millions, which implies an incremental cost of 2484
million dollars (the incremental cost of the reform is calculated by
subtracting the current government expenditure to the gross cost of each
scenario). Different scenarios consider combinations of demand and
quality, as shown in Table VII.

TABLE VII. Results: cost estimations

note: the net cost is calculated by subtracting the current expenditure in tertiary education (US MM 2316) to the total cost
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(13) The actual program duration in private universities is 30% longer on average than what programs are
supposed to be (formal duration). In CRUCH universities (those created before 1981) actual duration
exceed by 38.5% the formal duration. Also, retention rates at the end of first years for universities, CFTs
and IPs is on average 74,5%, 65,7% y 63,5%, respectively.



These results confirm the high costs of implementing a free tertiary
education system in Chile. Even in our most conservative scenario, the
initiative would imply increasing public expenditure by at least 2500
million dollars or 1% of GDP.

Conclusions

This paper presents a comprehensive analysis of the Chilean tertiary
education system, focusing on the implications of making it free of
charge. 
First, the analysis documents the astonishing increase in enrollment

in tertiary education observed during the last decades, linking it to public
policies promoting access through financial aids. In addition, the text
analyzes the recent trends in tuition costs, suggesting that they are also
the result, at least in part, of the same policies. 
Second, using multiple sources of information, we estimate the cost

of providing tuition-free tertiary education. Our results suggest that this
initiative would impose a fiscal burden of at least 1% of GDP. In this
context, and assuming that Chile does not proportionately increase
spending in the rest of the educational levels, the country would become
an anomaly. It would be the nation with the least resources allocated to
primary and secondary education relative to tertiary education (ratio of
0.7 to 1). Of course, even though increasing public expenditure in tertiary
education is not bad per se, the opportunity cost of the resources involved
emerges as a critical dimension to be considered. 
Our results should not be interpreted as justification for not

modernizing the underlying funding mechanisms of the Chilean tertiary
education system. On the contrary, we believe it is essential to move
towards a system with a clear and explicit economic rationale behind
both the costs faced by students and the incentives to ensure quality. In
particular, we believe that Chile should move towards a system where
tuition costs reflect the real cost (and quality) associated with the service
received by students. 
The State could contribute to this process by promoting projects with

large social returns but not easily internalized by the stakeholders (e.g,
research, innovation and infrastructure). To that effect, the State should
fund such projects using competitive and meritocratic grant programs,
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with all institutions participating on equal terms. More resources for these
activities, allocated based on objective, non-discriminatory and
transparent procedures should increase competition, reduce prices
(tuition fees) and, ultimately, boost quality. 
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Abstract
This study stems from the increasing importance of key competences, and

especially of information literacy, in secondary education. This research aimed
to evaluate the efficacy of a specific training program on information literacy for
future secondary school teachers. A pre-experimental design with minimal control
and pretest-posttest was devised through an ad hoc instrument, which evaluated
the subjects’ actual level of information literacy. The study was carried out with
a representative sample of future secondary education teachers from Castile and
Leon, who were undertaking the Master’s degree in Secondary Education Teacher
Training. In the hypothesis testing, the results of the calculation of the effect size
show that the training program, which was delivered online, was very effective
in teaching conceptual (or knowledge-related) contents (g>1.15), moderately
effective in teaching skill-related contents (1.15>g>0.5) and ineffective in teaching
attitudes (g<0.5). The graphic analysis also shows that the learning patterns are
different for each component according to the initial level reached in the pretest.
The study concludes by confirming the effectiveness of the program, noting the
importance of explicit teacher training on key competences, specifically in
information literacy competences, and by analyzing the relevance of this type of
training for the integration of key competences in the teaching-learning processes
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implemented in the different school subjects. Finally, the paper proposes a future
study on the impact of  information literacy teacher training on the students’
achievement, taking into consideration the limitation of splitting the competence
into its constituent parts to evaluate it, disregarding its holistic nature.

Keywords: Secondary teacher education; information literacy; teacher
qualifications; summative evaluation; basic education; life skills.

Resumen
Ante la importancia creciente concedida a las “competencias básicas” en la

educación secundaria obligatoria, en concreto a las competencias
informacionales, se presenta este estudio, cuyo objetivo ha sido la evaluación de
la eficacia de un programa de formación específica en competencias
informacionales para futuros profesores de educación secundaria.
Metodológicamente, se planteó un diseño pre-experimental de control mínimo
con pretest y postest mediante la aplicación de un instrumento de evaluación del
nivel real en competencias informacionales diseñado ad hoc a una muestra
representativa de futuros profesores de educación secundaria de Castilla y León,
estudiantes del Máster de profesorado. En el contraste de las hipótesis planteadas,
los resultados, a partir del cálculo del tamaño del efecto, muestran cómo el
programa, de carácter online, fue muy eficaz en el aprendizaje de contenidos
relacionados con el saber (g>1.15), moderadamente eficaz en la enseñanza de
contenidos relacionados con el saber hacer (1.15>g>0.5) y poco eficaz en la
adquisición de actitudes o saber ser (g<0.5), con tendencias de aprendizaje
diferenciadas en cada componente en función del nivel inicial mostrado en el
pretest. Se concluye corroborando la eficacia del programa, señalando la
importancia de la formación explícita del profesorado en competencias básicas,
más específicamente en competencias informacionales, y analizando la relevancia
de este tipo de formación para la integración de las competencias básicas en los
procesos de enseñanza-aprendizaje desarrollados en las diversas materias.
Finalmente, se propone el futuro estudio del impacto de la formación del
profesorado en competencias informacionales sobre el aprendizaje alcanzado por
los estudiantes, teniendo en cuenta la limitación propia de fragmentar la
competencia en sus partes constituyentes para evaluarla, sin atender a su
naturaleza holística.

Palabras clave: Formación de docentes de educación secundaria;
alfabetización informacional; competencias del docente; evaluación sumativa;
educación básica; competencias para la vida.
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Problem statement

Thanks to the emergence of competency-based learning and the
importance it has gained (Martínez Clares and Echeverría Samanes, 2009;
Villa Sánchez and Poblete Ruiz, 2009) the development of a series of key
competences considered indispensable to all citizens of the 21st century
society is generalized in many education systems, both at national
(Boletín Oficial del Estado, 2007) and international level (Diario Oficial
de la Unión Europea, 2006).

The novel character of the competency-based model for basic
education teacher training, together with the transversal nature attributed
to the key competences, adds difficulties to the proper development and
implementation of these competences in the teaching-learning process.
In fact, even though the initial secondary education teacher training
programs define teachers as competent people in the integration of the
key competences into the educational process (Tribó Travería, 2008), said
programs don’t pay any specific attention to key competences within their
training plans.

Therefore, some doubts arise on the ability of secondary education
teachers to integrate into the educational process a series of contents on
which they have not received explicit training, and this brings up the
need to implement educational processes and programs that facilitate the
specific training of teachers and future teachers regarding key
competences. 

Thus, the present study focuses on the training of future secondary
education teachers on information literacy, which is a key competence
integrated in the Spanish curriculum under the name ‘information
processing and digital competence’. We designed and implemented a
specific training program dealing with information literacy, and we
evaluated its efficacy through the pretest and posttest application of an
ad-hoc instrument that evaluates the level of real or objective competence
and non-perceived or subjective competence (Rodríguez Conde, Olmos
Migueláñez, and Martínez Abad, 2013).

State of the art

Despite their official origin and development being placed in the last third
of the 20th century (American Library Association, 1989; Zurkowski, 1974),
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the main progress of the theoretical body of information literacy was
actually made in the early 21st century, with the development of manuals
and standards related to the contents of said competence (ALA/ACRL,
2000; Bundy and ANZIIL, 2004; CAUL, 2001; SCONUL, 2001). However,
in the current literature one can still find theoretical studies that point
out the main topics to be discussed in any training action dealing with
information literacy (Forrest and Simpson, 2007; Johnston and Webber,
2003; Spring, 2010). This kind of studies, which usually consist of
literature reviews, have proliferated in the first decade of the 21st century,
and are still common nowadays (Diehm and Lupton, 2012; González
Teruel, 2011; Leguízamo León and García Carrasco, 2011; Mackey and
Jacobson, 2011).

In this regard, despite the current reluctance to implement
decontextualized programs for information literacy training whose aim is
merely the competence itself, the majority of studies are limited to directly
implementing the program (Appleton, 2005; Grant and Brettle, 2006;
Oliver and Perzylo, 1994; Rangachari and Rangachari, 2007; Saito and
Miwa, 2007), although there are some exceptions in which the program
is developed within proper curricular contents (Beishuizen and
Stoutjesdijk, 1999; Kuiper, Volman, and Terwel, 2009). 

On the other hand, even though information literacy has been defined
as a construct (Van Helvoort, 2010), the literature is noticed to have a
good number of studies that work only with one of the theoretical
dimensions that make up this competence. This break up is mainly due
to the evidence (Rodríguez Conde, Olmos Migueláñez, and Martínez
Abad, 2012; Rodríguez Conde, Olmos Migueláñez, Pinto Molina, Martínez
Abad, and García Riaza, 2011) suggesting that this competence is highly
complex and it benefits from being analyzed in a fragmented way rather
than in a holistic one:

n Information searching: Within this dimension we can find studies
from different fields, including Library and Information Sciences,
Computer sciences or Education. Main evidences suggest that to
ensure a sound learning of information searching it is necessary to
plan training actions that include continuous help or feedback
(Puustinen and Rouet, 2009) and which allow for a later reflection
in and on the actions (Saito and Miwa, 2007). On the other hand,
the role of previously formulated questions or main search topics
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seems to be crucial (Kuiper et al., 2009), and they must be specific
and focused on the objective. These studies usually incorporate
some modules related to the evaluation of information within the
training programs, because it constitutes a more limited field and it
is closely linked with information searching.  

n Information processing: This is another usual field in scientific
studies, especially the elements that have to do with text
comprehension and its related learning difficulties (Acuña Castillo,
García Rodicio, and Sánchez Miguel, 2011; Beishuizen and
Stoutjesdijk, 1999; Oliver and Perzylo, 1994; Rosales, Sánchez
Miguel, and Pérez, 2004; Sánchez Miguel, Rosales, and Cañedo,
1998). Given the relevant tradition of the research on this topic, the
studies are highly experimental.

n Information communication and dissemination: It is worth
mentioning the progress made over the past few years by studies
on media literacy (Appel, 2012; Austin, Pinkleton, Austin, and Van
de Vord, 2012; Camps Cervera, 2009; González Fernández-
Villavicencio, 2012; Grizzle, Wilson, and UNESCO, 2011; Jeong, Cho,
and Hwang, 2012; Kesten, 2012; Pérez Tornero, 2008), which is
becoming a prolific research field and, in many cases, separated
from information literacy (although closely linked with it).   

In addition to studies that specifically analyze one of the dimensions
that make up the information literacy competence, there are also attempts
to develop training programs to teach information literacy as a whole
(Appleton, 2005; Grant and Brettle, 2006; Rangachari and Rangachari,
2007). In this regard, the studies we located suffer from a lack of a broad
definition of competences that provides a proper basis for the devised
training program, which in all cases is of the authors’ making. As for the
evaluation of these programs’ efficacy, it is carried out through
instruments, which sometimes are designed ad hoc, with no previous
validation (Appleton, 2005; Grant and Brettle, 2006) and other times are
extracted from other studies, and they may measure self-perception
(Rangachari and Rangachari, 2007). This way, it could be said that, on a
general level, the evaluation instruments are improvable, regarding both
the reliability and validity of their measurements. 

Finally, in all cases, the results and findings indicate that these
programs favor the development of more appropriate and effective

Martínez-Abad, F., Olmos-Migueláñez, S. y Rodríguez-Conde, M.J. EvAlUAtIOn OF A InFORMAtIOn lItERACy tRAInIng pROgRAM FOR FUtURE SECOnDARy

SChOOl tEAChERS

Revista de Educación, 370. October-December 2015, pp. 38-63

Received: 20-03-2014    Accepted: 05-06-2015
42



behaviors related to information literacy, and in some cases there is even
a tendency towards the improvement of academic performance in subjects
who have acquired a good level of information literacy (Appleton, 2005).

Consequently, at this point of the research, the following questions are
posed:

n Will the design of a program specifically focused on contents related
to information literacy optimize the acquisition of this competence
on the part of future secondary education teachers?

n How can we evaluate the level of information literacy achieved in
an authentic and objective way?

n Will the importance assigned by future teachers to information
literacy change after the course? In which direction? 

Research methodology

Based on the context presented above, and bearing in mind that the
design of choice is a pre-experimental design with minimal control
(Campbell and Stanley, 1963), implemented in a group with pretest and
posttest measurements, we can formulate the following research
hypothesis: the future secondary education teachers that have undertaken
the designed training program, under the conditions established by the
research, will achieve a higher level of information literacy than their
previous one. Therefore, we intend to provide a validated program for the
improvement of this collective’s level of information literacy. In this kind
of design, one cannot control some external variables that can bias the
results, and eliminate the internal validity of the study (Campbell and
Stanley, 1973). However, since the members of the sample belong to
different groups of students from the Master’s degree in Secondary
Education Teacher Training, the academic events that could transpire
during the application of the treatment would not affect all subjects in
the same way. Therefore, we can’t claim that these events are the cause
of the global differences that were registered.  

From the evidences shown by Juanes and Ruiz-Canela (2008), who
carried out a meta-analysis of the results from more than 200 training
programs, this study will test three hypotheses, which indicate that the
treatment will achieve: 

Martínez-Abad, F., Olmos-Migueláñez, S. y Rodríguez-Conde, M.J. EvAlUAtIOn OF A InFORMAtIOn lItERACy tRAInIng pROgRAM FOR FUtURE SECOnDARy

SChOOl tEAChERS

Revista de Educación, 370. October-December 2015, pp. 38-63

Received: 20-03-2014    Accepted: 05-06-2015
43



n H1: large effects in the component knowledge.
n H2: medium effects in the component skills.
n H3: small effects in the component attitudes.

Thus, the dependent variable (level achieved in the different
dimensions of information literacy) will be measured before and after
administering the program for the improvement of information literacy
competence. 

The treatment consists of the online implementation of a training
program through the platform Moodle 1.9. This program was planned to
be delivered in an extensive way over 40 hours, to be implemented
between January and February 2012. It is made up by 12 individual and
group activities (both in medium and large groups), divided in 4 content
blocks which correspond to the dimensions of information literacy
(information searching, evaluation, processing and communication). The
selection of the contents included in the program was made on the basis
of the criteria set by the standards of the different institutions we
consulted (ALA/ACRL, 2000; Bundy and ANZIIL, 2004; CAUL, 2001; CRUE-
TIC and REBIUN, 2009; SCONUL, 2001). As for the interface of the space
allotted for the program within Moodle, a certain criteria were maintained
so that the exchange of information, the access to it and the evaluation
were optimal (Carvalho Levy, 2005; Nielsen, 1989). Consequently, the
recommendations proposed by Weis (2001) were considered for the
design of the interface. 

For the evaluation of the program, and again on the basis of the
abovementioned standards, we designed an instrument with four types
of scales to assess the three studied components differentially: 

n Objective test (knowledge): Composed by items with four response
options. 

n Ordinal scale (skills): Subjects must establish the correct order in
which they would carry out a given operation according to the
wording of the item. The items are made up by four phases the
subjects have to arrange in the proper order. 

n Performance pills (skills): Subjects are asked to carry out a brief
activity in which they have to show evidence of a skill related to
information literacy. 

n Attitude scale (attitudes): The survey on the perception of the
importance of information literacy IL-HUMASS developed by Pinto
(2009) was applied. 
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Once the items were designed, we conducted a validation process
carried out by nine expert judges (secondary education teachers and
guidance counselors; university professors from the fields of computer
sciences, communication and information and library sciences) under
adequacy and relevance criteria. The results of this validation originated
some small changes in the wording of twenty-five items, some deep
changes in thirteen items due to moderate problems of relevance and
adequacy and, finally, seven items were removed due to severe relevance
problems. In the end, out of the eighty-seven items that made up the
initial instrument, we obtained a scale composed of eighty items1.

Lastly, we checked the reliability of the scales through the calculation
of the difficulty and discrimination indexes of each item from the
objective test, the item-total statistics of the attitude scale, and the
reliability indexes of each dimension and the instrument as a whole based
on the Kuder-Richardson coefficient (KR20) and Cronbach’s alpha. After
these verifications, we removed four items of the objective test from the
final analysis due to low discrimination issues. Regarding the difficulty
of the objective test, we obtained indexes within acceptable levels and
well distributed among the different levels of difficulty, and as for the
reliability, it yielded an acceptable global value (KR20=.765). Regarding
the scales designed for the evaluation of the skills component, the number
of items per dimension is small, so the employment of internal
consistency techniques was deemed inadequate, and we relied on the
validation process carried out by the expert judges. 

The reliability of the attitude scales, measured with Cronbach’s alpha,
yielded satisfying results, both in each of the dimensions (asearching=.88;
aevaluation=.85; aprocessing=.78; acommunication=.81) and the scale as a whole
(a=.94).

Given the experimental nature of this study, we don’t have enough
resources to take on a bigger sized sample. For this reason, to ensure
representativeness, instead of applying the criterion of sample size
calculation, we tested the hypothesis of the adjustment of subject
distribution by teaching groups to the population distribution through
the goodness of fit test (based on Chi-square). Since the table value of
the test statistic c29;.05=16.919 > c

2=2.17, which is the value obtained in
the test, we don’t reject H0, and we assume that the sample distribution
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is adjusted to the population distribution regarding the distribution of
subjects in the different specialties of the Master’s degree in Secondary
Education Teacher Training. On the other hand, we checked the sample’s
randomness through the run test, obtaining satisfying results for each of
the variables (a=.05; p-value=.05) and therefore confirming the
independence between the observations of the sample. 

Regarding the data analysis, an initial exploratory analysis was
performed through the study of the distribution of the analyzed variables,
which led to the decision to employ the following techniques: parametric
(Tejedor Tejedor, 1999, 2006), parametric with trimmed mean (Borges del
Rosal, Sánchez Bruno, and Cañadas Osinski, 2000) or non-parametric
(Corder and Foreman, 2009; Siegel, 1970), where appropriate. Along with
the hypothesis testing, we calculated the effect size based on Hedges’
(1982) g statistic. Lastly, we performed a more detailed graphic study of
the variables that had shown a difference of a T score (50, 15) in relation
to the standardized variables.  

Results

The exploration of the distributions through the scatter diagram (graph
I) shows that the variables seem to adjust to the normal distribution
despite having slight asymmetries. In the case of the variables belonging
to the attitudes component, we located several outliers that can be
extreme in the lower scores, thus making it appropriate to use the
trimmed mean technique, trimming the bottom 5% of the scores.  
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GRAPH I. pretest. Density functions.

The results of table I support the observations derived from the
analysis of the density functions. The asymmetry and kurtosis indexes,
once the bottom 5% of the scores from the attitudes component were
trimmed, were found to be close to the limits of the normal distribution.
On the other hand, the Kolmogorov-Smirnov test shows that all variables
adjust to a normal distribution. 
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TABLE I. pretest. Exploration of the basic statistics for standardized t scores.

* Mean trimmed at 5% for bottom scores 

Therefore, we don’t reject the hypothesis that the variables are
adjusted to the normal distribution. In conclusion, to test the significance
of the treatment, we will perform a parametric hypothesis testing through
a t-test for dependent samples, and we will be able to calculate the
parametric effect size based on Hedges’ g in all cases.  

If we study the basic descriptive statistics of the pretest-posttest
variables, in table II we can observe how the differences between the
means always favor the posttest, meaning that the subjects have improved
their performance in all components of the four studied dimensions. 
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TABLE II. Descriptive statistics and pretest-posttest mean differences

* Mean trimmed at 5% 

Finally, if we perform a hypothesis contrast through a t-test for
dependent samples (table III), we obtain significant differences between
the pretest and the posttest, favoring the posttest in most of the variables. 

TABLE III. hypothesis testing. t-test for dependent groups (pretest-posttest) 

* Mean trimmed at 5%
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While all dimensions yield significant differences in the components
knowledge and skills, the component attitudes presents significant
differences in the evaluation and processing dimensions and non-
significant differences in the searching and communication dimensions. 

It seems that the initial hypothesis can be accepted, since the subjects
seem to show a better performance in the posttest in the components of
most of the evaluated dimensions. The subjects show a clear improvement
in their level of information literacy. 

Despite the misgivings of some statisticians and psychometrists about
considering large, medium and small effect sizes (Glass, McGaw, and
Smith, 1981), it seems clear that this classification helps interpret these
indexes in a more simple way. Thus, by testing the three hypotheses on
the basis of the extent of the significant differences (effect sizes) and
according to the criterion proposed by Hopkins (2000), we find the
following sizes:

n Large (g>1.15) in the variables belonging to the component
knowledge. This entails that the treatment has improved the subjects’
conceptual knowledge on information literacy in an important way
(we accept H1).

n Medium (1.15>g>0.5) in the variables belonging to the component
skills. This component reaches medium to medium-large effect sizes
in all dimensions. This means that the course has been effective in
the development of the procedural component of information
literacy (we accept H2).

n Small (g<0.5) in the component attitudes. In this case, the variables
related to the attitudes are the ones that have experienced the lowest
improvement, since they have got small to medium-small effect sizes
(we accept H3).

Once we confirmed that there are significant differences in most of
the variables between the pretest and posttest measurements, and
that the effects of the differences are large in many cases, it is worth
exploring the exact behavior of the variables along the progress of the
study through a more in-depth graphic analysis.
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GRAPH II. Scatter diagrams and bidimensional variables histogram. Knowledge 

Graph II shows how the component knowledge tends to have a higher
variability in the pretest, and regression lines with slopes of little
significance. Posttest shows more homogeneous distributions. Thus,
subjects with lower scores in the pretests have experimented more sizable
improvements than subjects with medium or high scores.  

Regarding the component skills (graph III), we can observe
distributions with similar dispersions, and regression lines with clearly
significant slopes. On the other hand, the pretest shows no apparent
tendency concerning asymmetry, and it presents platykurtic distributions.
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Therefore, subjects with both low and high scores will achieve substantial
improvements thanks to the treatment. 

GRAPH III. Scatter diagrams and bidimensional variables histogram. Skills

We can also observe how variability is slightly greater in the pretest
than in the posttest, although it is so in a less perceptible way.

Finally, graph IV shows joint distributions for the variables of the
component attitudes. This variables show distributions with a clearly
higher variability in the pretest and posttest, and regression line slopes
with a certain degree of significance. The evident negative asymmetry of
the pretest indicates that the subjects already had high levels of positive
attitudes before the treatment, and consequently the improvement in this
aspect has been minor. 
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GRAPH IV. Scatter diagrams and bidimensional variables histogram. Attitudes

Discussion and conclusions

Education systems both at national and international level are promoting
and spreading the implementation of learning processes related to the
development of information literacy (Mackey and Jacobson, 2011;
National Forum of Information Literacy, 2005; Pinto Molina, Sales, and
Osorio, 2008; Rodríguez Conde et al., 2011; Weiner, 2010). This fact is
evidenced by the efforts made to integrate this kind of competences in
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national curricula and international steering documents (Boletín Oficial
del Estado, 2007; Diario Oficial de la Unión Europea, 2006; OCDE, 2004,
2005).

The emergence of these learning processes does not effectively
correspond to the importance assigned to them within teacher training
actions, either initial (Dagiene, Zajanckauskiene, and Zilinskiene, 2008;
Prendes Espinosa and Castañeda Quintero, 2010) or permanent (Almerich
et al., 2005; Almerich, Suárez, Jornet, and Orellana, 2011; Hernández
Martín and Quintero Gallego, 2009; Rivas, 2004; Suárez Rodríguez,
Almerich, Gargallo López, and Aliaga, 2010).

Despite agreeing with the fact that information literacy should be
taught transversally in formal educational processes, it seems logical to
think about the importance of implementing training activities, both initial
and permanent, for secondary education teachers. This explicit training
would allow for a systematic and conscious instruction of the content
itself. Later on, the teacher, as a professional expert in the implementation
of teaching-learning processes, would be the one to contextualize this
kind of learning in the right experiential and significant framework. 

This reasoning is based on the results obtained in this study, which
generally show that the program has been successful, given that the initial
hypotheses were tested and accepted. Along the described process, we
have designed a program with didactic and pedagogical criteria and,
following a scientific perspective, it has been implemented with a sample
of future compulsory secondary education teachers, having proven its
efficacy through a rigorous evaluation process. 

Despite this evidence, we must not forget that information literacy, like
all competences, is made up by knowledge, skills and attitudes (Martínez
Clares and Echeverría Samanes, 2009; Villa Sánchez and Poblete Ruiz,
2009; Zabala and Arnau, 2007). Dividing competences in their constituent
parts can facilitate the evaluation of their current state. However, it is
necessary to acknowledge that, ultimately, (information literacy)
competences make up a whole that is integrated and related. Thus, all
evaluation processes must maintain a global perspective on the
competence itself.  

Regarding the conceptual content, that is, the knowledge component
of the competence, we can observe that the participating group
experiences a high level of learning. This is the component that shows a
greater change when comparing the pretest with the posttest. This results
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are justified on account of the participating group being composed by
academics who are critic with e-learning and who, despite acknowledging
the potential of the tools used in virtual training to promote a more active
training which is centered in the student, “tend to think that virtual
learning is limited to imitating face-to-face learning” (Martínez Caro, 2008,
p. 154), related to master classes more than anything else.  

As for the contents related to the component skills, we can observe a
medium to medium-large improvement in all dimensions included in
information literacy. These significant effects are deemed as successful
given the aforementioned difficulty to work with procedural contents
through a remote or online methodology. 

The component that showed the most moderate treatment effect was
the so-called attitudes. There were some differences favoring the posttest,
but this had a small to medium-small effect size. The very nature of the
scale (Likert-type) could have biased these results, because the subjects
who showed a high performance in the pretest were left with little
improvement margin in the posttest.  

Moreover, even when in many cases this component is considered as
the less important one within the competence, we must not forget that
“attitudes have a great impact on the improvement of information literacy”
(Wen and Shih, 2008, p. 796), and that positive attitudes in teachers and
students promote the effective integration of information literacy in the
educational processes implemented in the classroom (Álvarez Álvarez
et al., 2011; Tejedor Tejedor and García-Valcarcel, 2006). 

Limitations of the study and future lines of research 

Although the strengths of the program are apparent, evidenced by the
systematic evaluation of the three components of the competence, it is
worth mentioning some weaknesses, especially regarding the size and
composition of the sample, which was non-probabilistic, due to the
experimental nature of the study. This bias has to be taken into
consideration, and it calls for caution when establishing generalizations
beyond those described in this study. 

The design of this research, in which the treatment is applied in the
form of an e-learning training program over the course of 7 weeks, is also
a considerable limitation. On the one hand, despite the communication
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channels established for the course, the distance that results from the
implementation of online courses greatly limits the training in the more
attitudinal aspects, as it has been shown in the results of this study. On
the other hand, the limited duration can constitute a hindering factor in
the acquisition of the contents by the future teachers so that they can
effectively integrate them in their teaching practice.   

Besides the abovementioned limitations, we must also take into
account that the present study evaluates the knowledge related to
information literacy acquired by future teachers, not their ability to put
this knowledge into practice in the classroom. In fact, this limitation
opens up relevant future lines of research, such as to what extent a
greater knowledge of the contents related to information literacy on the
part of teachers promotes both the integration of these competences in
the teaching-learning process itself and a greater quality in their
implementation. In this regard, although it is difficult to find studies that
work directly with the teaching-learning processes implemented in
schools, some interesting research can be found (Colás Bravo and Jiménez
Cortés, 2008; Gutiérrez Martín, Palacios Picos, and Torrego Egido, 2010;
Medina Moya, Jarauta Borrasca, and Urquizu Sánchez, 2005), which can
guide the performance in future research works derived from this study.  

Therefore, even though the training of future teachers on information
literacy is not without interest, it begs the question as to whether this
training is enough to ensure an effective integration of this key
competence in the curriculum or if it is necessary to provide a more
applied training, related to the didactic aspects that must govern the
teaching of information literacy in basic education. 
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Abstract
Learning errors are involved in many decisions adopted by mathematics

teachers. Although some studies show that alerting teacher trainees to the use of
error in teaching makes their students more aware of their learning and improves
their performance, little research has been conducted on such use. This article
identifies and describes the uses of error reported by 26 mathematics teachers
(working in groups) participating in a two-year training programme for practising
mathematics teachers. The groups recorded and justified the teaching decisions
adopted when planning their approach to mathematical topics. A conceptual
framework was developed in the context of this study to analyse teachers’
decision-making in the context of such planning . Based on the notions of
purpose, action and result, the conceptual framework was used in the
construction of an initial set of categories in keeping with which the groups’ final
reports were coded. The categories were refined via a cyclical process in which
the raw data were re-coded and the categories revised. The aforementioned
purposes, actions and results were subsequently ranked in light of the outcome
of that process. The uses of error were found to relate to three general purposes:
overcoming error, evaluating students’ cognitive knowledge and generating
information useful for other lesson planning-related questions. Each of these uses
was characterised in terms of the specific purposes associated with each general
purpose, the respective actions and the results deriving from each action. An
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understanding of these uses is deemed to be useful for the design and
development of teacher training programmes.

Keywords: Decision-making, learning errors, mathematics, lesson planning,
secondary education, teacher education.

Resumen
Los errores de aprendizaje están presentes en muchas de las decisiones que

el docente toma en relación con la enseñanza de las matemáticas. Pero, las
investigaciones sobre el uso del error en la formación de profesorado son escasas,
aunque algunas de ellas muestran que la formación en este ámbito hace a los
estudiantes más conscientes de su aprendizaje y mejora su rendimiento. En este
artículo, identificamos y describimos los usos del error que 26 docentes de
matemáticas de secundaria (organizados en grupos) manifestaron en el contexto
de un programa de formación de profesorado de matemáticas en ejercicio de dos
años de duración. Para ello, desarrollamos un marco conceptual sobre procesos
de toma de decisiones del profesorado cuando planifica la enseñanza de temas
de matemáticas. Este marco conceptual está basado en las nociones de propósito,
acción y resultado. Con base en este marco conceptual, establecimos un conjunto
inicial de categorías que nos permitió codificar los informes finales de los grupos
de docentes. En estos informes, ellos registraron las decisiones que tomaron al
elaborar sus unidades didácticas de matemáticas y las justificaciones que les
llevaron a tomarlas. Realizamos un proceso cíclico de refinado de las categorías
y de nueva codificación de la evidencia con las nuevas categorías para verificar
su validez. Este proceso nos permitió establecer una jerarquía entre los
propósitos, las acciones y los resultados. Encontramos que los usos del error se
organizan según tres propósitos generales: superar el error, evaluar el estado
cognitivo de los estudiantes y producir información útil para otros aspectos de
la planificación. Caracterizamos cada uno de estos usos mediante los propósitos
concretos asociados a los propósitos generales, las acciones asociadas a cada
propósito y los resultados vinculados a cada acción. Consideramos que conocer
estos usos resulta útil para el diseño y desarrollo de programas de formación de
profesores. 

Palabras clave: Errores de aprendizaje, matemáticas, toma de decisiones,
planificación curricular, educación secundaria, formación del profesorado.



Introduction

Errors are inherent in any learning process (Borasi, 1994; Lannin, Barker
y Townsend, 2007; NCTM, 2000; Rico, 1997). The literature is rife with
research reports that identify frequent student errors in mathematical
topics, explore the source of such errors and put forward proposals
geared to helping pupils overcome them (Santagata, 2005; Son, 2013; Son
and Sinclair, 2010). Helping students to surmount common errors is, then,
one of a teacher’s primary goals in planning lessons on mathematical
topics. Error may be present in other mathematics teachers’ decisions,
however. This article contains a detailed description of the processes in
which teachers use error in mathematical topic lesson planning and
delivery. More specifically, it is based on a conceptual framework for
decision-making that identifies the wide variety of uses to which error
was put by groups of participants in a training programme for practising
mathematics teachers.

The article begins with a discussion of the relevance of research on
error in mathematics education and a justification of this study as a
contribution to the present state of the art on the subject, followed by a
description of decision-making viewed as a conceptual framework for
characterising the uses of error in mathematics lesson planning. On that
basis, a definition of use of error is put forward and the focus of the study
is established. The context of the empirical study is then described, along
with the sources of information used and the tools and procedures
deployed to collect and analyse the information. The uses of error
identified in the empirical study are subsequently introduced. Lastly, a
series of considerations on the uses of error in mathematics teacher
training programmes are addressed.

Justification and relevance

Learning theories envision error in different ways (Santagata, 2005). In
behaviourist theory, for instance, error is regarded as a knowledge
deficiency to be remedied by the teacher. Constructivism regards error
as the result of applying knowledge to the wrong context. This vision of
error has implications for teaching. The aim is for new knowledge to arise
from situations in which subjects’ knowledge is thrown off balance
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because their cognitive structures do not allow them to broach the
situation appropriately (Simon y Schifter, 1991, p. 310). Consequently, in
education based on the constructivist vision of learning, the inference is
that teachers may induce their pupils to err, help them see their error and
generate a cognitive conflict that ultimately modifies their knowledge
(An and Wu, 2012; Borasi, 1996; Brousseau, 2001; NCTM, 2000).

On the grounds of that constructivist approach to learning, several
researchers have proposed error-based teaching strategies. Borasi (1994),
for instance, suggested that errors can be used as springboards for inquiry
and showed this strategy to have beneficial effects on students’ learning.
Schoenfeld (2011) proposed teaching by diagnosis in which teachers
anticipate students’ actions (including errors) and build their teaching on
such predictions. Garuti, Boero and Chiappini (1999) devised a “voices
and echoes” game to broach conceptual errors. Lannin et al. (2007) and
Prediger (2010) proposed using errors as learning catalysts. These and
other researchers have put forward a number of ways in which teachers
could use error in education.

What does research have to say about teachers’ use of error in
everyday practice? While a few scholars have explored such use of error,
the literature on this subject is patchy  (Heinze and Reiss, 2007; Santagata,
2005). In her comparative study of U.S. and Italian teachers, Santagata
established the following categories to characterise reactions to error.
Teachers (a) furnished the right answer; (b) repeated the question to the
student who erred; (c) re-stated the question, providing some helpful
hints; (d) asked the student to explain how she deduced her answer; (e)
used the above strategies with a different student; (f) asked the class to
identify the error and suggest alternative answers; (g) chose the right
answer from among the students’ replies. She found that in Italian
classrooms error was treated publicly, whereas in the U.S. teachers
confined their explanation to the student involved. In both countries, the
most frequent reaction was for teachers to correct the error themselves.
The assistance furnished consisted primarily in simplifying the problem
that induced the error. Italian teachers tended to help the student who
erred, while U.S. teachers turned to another student.

Other studies have yielded similar results. Some showed, for instance,
that teachers in the U.K. tended to protect students’ self-esteem, teachers
in France reacted directly to students’ errors, and teachers in Japan
addressed errors positively, turning them into a source of class discussion.
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Schleppenbach, Flevares, Sims and Perry (2007) found that while U.S.
teachers tended to avoid or conceal errors, Chinese teachers encouraged
students to reflect on why they erred. Son and Crespo (2009) showed
that future mathematics teachers tended to repeat procedures until
students could spot the error, ignoring possible underlying conceptual
considerations. In a more recent study, Son (2013) confirmed that finding,
whose explanation, as Santagata (2005) suggests, would appear to lie in
history- and culture-related differences (p. 493).

Very few studies have been published on training teachers to use error
(Heinze and Reiss, 2007, p. 3-10). In their meta-analysis of the effects of
teacher training on handling error, Keith and Frese (2008) found the effect
to be significant and beneficial in the 24 studies they reviewed. In the
area of mathematics education, Rach, Ufer and Heinze (2013) observed
that training teachers to be error-tolerant had a beneficial effect on
students’ attitudes, although no significant effects on their cognition were
found. The Heinze and Reiss (2007) study showed that training teachers
to use error in the classroom made students aware of how to handle error
and improved their performance. Brodie (2014), in turn, reported that
working in learning communities furthered teacher trainees’ ability to
identify, interpret and handle errors (as suggested by Prediger, 2010) and
that such work induced them to reflect on their own knowledge.

The present study, which lies within the general scope of the research
described, characterises the use of error by mathematics teachers
participating in a training programme.

Decision-making

Different approaches have been adopted in the extensive literature on
decision-making, depending on the context of the problems involved
(Hansson, 2005). While many such studies draw from economics and are
based on statistical models (Savage, 1951), in disciplines such as medicine,
the environment, politics or education, qualitative analyses prevail
(Kahneman, Slovic and Tversky, 1982). Some of the most recent studies
are geared to determining whether decisions are pre-established or
solutions are tailored to situations as they arise. In environments with
many constraints, decision-makers have been observed to tailor solutions
to each specific situation (Stefaniak and Tracey, 2014).
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Bishop (1976) defined teacher decision-making to be pivotal to
education. Decision-making has also been analysed from different
perspectives (Borko, Roberts and Shavelson, 2008). Any number of papers
have analysed the factors involved in teachers’ classroom decisions in
highly interactive situations that call for an immediate and spontaneous
reaction to the incidents arising in practice (see Schoenfeld, 2010, for
instance). Others, however, have studied teachers’ decisions from the
perspective of their analysis of data on students’ progress (Schifter,
Natarajan, Ketelhut and Kirchgessner, 2014). These studies have
frequently attempted to deduce implications for teacher training,
particularly initial training (Call, 2012; Rich and Hannafin, 2008).

The present paper addresses teacher trainee decision-making when
planning and reflecting, outside the classroom, on how to teach a given
lesson. In that context, teachers engage in quiet, prolonged reflection.
The structure of that process is described below.

Decision-making structure

A decision is the result of a cognitive process conducted by a person or
group choosing one from a series of options to fulfil a given purpose.
The flowchart in Figure I was inspired by the ideas of Bishop
(1976), Shavelson, Webb and Burstein (1986) and Evans, Over and
Handley (2003). It depicts the basic structure of teachers’ decision-making
during pre-classroom planning of how to teach a given lesson. It shows
the key notions involved in the process: purpose, technique, decision,
action and result, described below and illustrated with examples of the
use of error. The process begins with teachers’ purpose. To fulfil it, they
have a series of options from which to choose. They make a decision
when, deploying certain techniques, they adopt one of those options.
Decisions may lead either to: (a) an action, in which case the teacher uses
a technique to implement the action and obtain a result; or (b) a new
purpose, more specific than the first, in which case the process begins
anew.
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FiGuRe i. Basic decision-making structure and key notions

Purpose, technique, decision, action and result

When drawing up a lesson plan for a mathematical topic, teachers may
pursue a general or specific purpose in their treatment of student error.
General purposes may often be narrowed down into other more specific
purposes. In such cases, their decision consists in such purposes. For
instance, to reach a general purpose such as

n P: to help students overcome errors committed in a given topic,
teachers may decide to pursue a more specific purpose such as

n P1: to sequence mathematics tasks to address errors gradually.

Purposes may be successively narrowed, yielding a series of tiered,
increasingly specific purposes until the only options available are specific
actions implemented by the teacher to attain a result. For instance, when
teachers pursue the specific purpose of sequencing tasks (P1), the
decision involves choosing between the following actions:

n A1: introducing tasks in increasing order of difficulty, with the ones
that induce students to err appearing at the end of the sequence
only, or
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n A2: distributing tasks in a way that confronts students with errors
throughout the lesson.

Implementing an action yields a result. Here, the result of action A1 is
a list of tasks with the simplest at the beginning and the most complex
at the end, while the outcome of action A2 is a list containing complex
tasks from start to finish. While a specific purpose and an action may be
couched in similar terms, they differ in that the latter generates a result.

A technique is a suite of routine procedures supported by sound
reasoning and intended to solve a problem. Two types of techniques are
depicted in Figure I: (a) decision-making techniques (type 1) and (b)
action implementation techniques (type 2). One decision-making
technique is to review the alternatives available and select one of the
options. Action implementation techniques enable teachers to generate a
result from the option chosen. To implement tasks to help students
overcome errors, for instance, teachers may first review the various
options available and choose one: e.g., to design teaching aids for
students as they perform a given task. In that review, a decision-making
technique, they compare the effect of such aids and of other options on
students’ ability to overcome errors. After adopting a decision and
generating an action (designing aid), teachers deploy techniques to
perform the action and obtain a result. They may, for instance, analyse
every mistake students are expected to make and prepare questions that
alert them to their error. The result of such an action, implemented with
such a technique, would be a list of error-associated questions.

This conceptual framework underlies the definition of what is meant
here by use of error, discussed below, along with the focus of the present
study.

Use of error and focus of study

Further to the above conceptual framework, use of error is regarded here
as a succession of teacher purposes involving the notion of error, which
lead to an action and the result of that action (Figure II). Actions, which
determine how errors are used, are associated with the last of a
succession of purposes to be attained by a teacher. They generate results
that have implications for lesson planning or implementation. As Figure
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I shows, when addressing a general purpose, teachers may decide to
implement an action or formulate one or a series of more specific
purposes. Consequently, the succession of purposes begins with a general
purpose and may entail the definition of one or more narrower specific
purposes. The use of error is characterised by three components: the
succession of purposes, the action associated with the final specific
purpose and the result of that action.

FiGuRe ii. sequence in use of error

This empirical study identified the uses of error applied by a group of
participants in a training programme for practising mathematics teachers.

Methodology

This section describes the context of the empirical study, the participants,
the sources of information used and the data coding process.

The training programme for mathematics teachers in which this
research was conducted covered mathematics lesson planning,
implementation and evaluation. Over a two-year period, participants
worked in groups of four that systematically analysed a mathematical
topic from different standpoints (including systems of representation,
common errors and associated phenomenology). They determined the
learning objectives pursued, designed a task sequence to attain their
objectives, predicted students’ performance in the tasks assigned,
designed observation tools to evaluate learning and teaching,
implemented the curriculum in place in their educational institutions,
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assessed the relevance and effectiveness of the plan implemented, and
established a new and improved design. Each group wrote up a report
on these matters and formulated a lesson plan for a mathematical topic.
The 100-page reports included the analysis of the mathematical topic, the
decisions adopted by the groups during lesson formulation and their
justification2. This description of decisions and justifications provided
insight into the purposes pursued by the teachers, the actions proposed
and the results obtained. As learning errors may appear at any stage of
the process, these reports were used as sources of information to identify
the use of error.

The study was conducted with the first edition of the programme, in
which 26 secondary school mathematics teachers, divided into six groups,
participated. The topics addressed by the groups included addition and
subtraction of whole numbers, linear equations (two groups), a graphical
method for solving 2x2 linear equations, and trigonometric ratios (two
groups). The teachers granted their written consent to participate in the
study.

Basic categories were established to analyse the groups’ reports, based
on the above conceptual framework for decision-making: the purpose
defined by the group of teachers, the action proposed or the result
obtained. All the sections in the reports containing references to errors
were extracted and the elements matching the analytical categories were
identified in each extract.

The following is an example of one of the extracts selected.

When students are confronted with an error or difficulty, the teacher
should guide them with questions that elicit reasoning around the
action taken, to overcome the error.

Here the purpose identified was to “overcome the error” and the action
“guide with questions”. The results, which were not explicitly stated,
would have entailed listing the specific questions to be posed.

Each extract was coded into a triad in terms of the above three factors
(purpose, action, result), in which one or two of the fields could be void
of content. These triads were then organised and inter-related by means
of a cyclic procedure in which triads with similar purposes, actions or
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results were grouped together. The resulting groups were then ranked
by purpose, distinguishing general from specific purposes and the sets
of actions associated with each specific purpose were identified. The
results associated with a given action were likewise grouped. This
procedure yielded more refined analytical categories. Based on these new
categories, the raw data were reviewed again to re-code the extracts and
verify the validity of the new categories and their inter-relationships. This
cyclical process of using the raw data to refine basic categories, in turn
validated by re-coding the data, led to successive category refinement and
structuring. The process was completed when the groups of purposes,
actions and results generated no longer shared sufficient elements to be
re-grouped.

Lastly, the uses of error were established as discussed in the following
section, in which the extracts were matched to the refined categories
obtained. Table 1 contains four related texts which together exemplify
the use of error. In extract A, the teacher trainees defined a general
purpose consisting in overcoming errors. In extract B, they narrowed this
purpose to the specification of tasks that would induce students to err.
In extract C they reviewed the tasks. Lastly, in extract D they reported
that a specific task, which they called the Chicago Wheel, was chosen to
overcome a specific error. Although the four extracts were found in
separate sections of the report, they were associated with triads that were
grouped together and ranked. The outcome was the description of one
use of error: overcoming errors, in which the teachers proposed to define
suitable tasks, implemented the respective action (i.e., choice of a task)
and attained a result, namely the specification of the task chosen.
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TabLe 1. Coding extracts that together constitute use of error

Ranking the categories and hence the extracts was not an automatic
exercise. Rather, it called for intense interpretation and justification by
the researchers who, on the one hand, drew from their understanding of
the training programme at issue and on the other reviewed the extracts
in the context of the conceptual framework defined for the analysis.

Results: description of the uses of error

This section describes how the purpose, action and result categories were
ranked. To facilitate the presentation of the findings, the ranks
were matched to the description of the 16 uses of error identified.

The basic purpose category yielded the following three general
purposes for which the teachers in the sample used error in lesson plans
for mathematical topics:

n to enable students to overcome topic-related errors,
n to evaluate students’ cognitive knowledge, and
n to generate information useful for other planning-related questions.
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Each of these three purposes delimits a set of uses of error that were
specified in different ways and at different times in the planning process.
These uses are described in the following three sub-sections in
conjunction with the purposes, actions or results appearing in the reports
analysed.

Uses associated with overcoming topic-related errors 

Overcoming the errors associated with a topic was the general purpose
defined most frequently by teachers participating in the training
programme described here. They expressed this purpose in their final
report in extracts such as the one reproduced below.

The lesson discussed below addresses the elements that we deem
necessary to solve the problems encountered by seventh-year students
in situations involving adding and subtracting whole numbers.

The flowchart in Figure III below shows the action categories and
respective results. Eight uses of error were established under this general
purpose. Some of them are exemplified in the discussion that follows
with extracts from the teachers’ final reports.
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FiGuRe iii. Uses of error for purpose 1 

The general purpose, overcoming errors, was re-formulated as two
specific purposes. The first was to define tasks that induce students to
err. This gave rise to two types of actions: choosing the tasks from a set
of given tasks and re-formulating existing tasks. In the following extract,
for instance, teachers formulated part of a task with the explicit intention
of overcoming an error.

To overcome error E4, with which we associated no skills, in the second
phase [of the Chicago Wheel] we introduced work with identities, so
that students could infer and generalise the results.

The two actions (select and re-formulate tasks) led to the same result:
a list of tasks that confronted students with error.

The second specific purpose was to plan task implementation in the
classroom in ways that would help overcome error. The extract below
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shows how the teachers, while pursuing the general purpose, i.e., to help
students overcome errors, focused on the more specific purpose of
ensuring satisfactory classroom delivery.

The teacher’s delivery should be dynamic, posing questions around
team actions and discussion so that she controls when and to what
extent she leaves the student teams on their own to handle the
difficulties arising during the exercise and its possible solution... When
students are confronted with an error or difficulty, the teacher should
guide them with questions that prompt reasoning around the action
performed, to overcome the error.

This purpose prompted teachers to take several actions. The first was
to sequence tasks, whose outcome was a specific order in which they
were assigned. One group of teachers, for instance, proposed to begin
with simple tasks involving no error and, once the basic knowledge was
acquired, to introduce more complex tasks that induced error. The other
actions found in the raw data included designing and offering assistance,
preparing guidance questions, preparing extra exercises, proposing
student teamwork, revising errors and generating feedback, socialising
errors and correcting exercises in the classroom. These actions translated
into the preparation of specific actions to be implemented during the
performance of classroom tasks. The following extract, for example,
illustrates the decision adopted by a group of teachers to design and offer
assistance to improve task performance and hence overcome errors.

We included aids that could optimise task performance and address
the errors students might commit.

Uses associated with evaluating students’ cognitive knowledge

The errors committed were used to evaluate students’ cognitive
knowledge of the mathematical topic. This purpose was broken down
into two other purposes which in turn yielded a series of actions that
involved the four uses of error graphed in Figure IV and explained below.
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FiGuRe iV. Uses of error for purpose 2

Evaluation was broken down into two further purposes. The first was
to improve learning by assessing training. This led to monitoring the
learning process, which entailed two types of actions. The first was to
design tools for recording the errors arising during the exercise. In the
two extracts reproduced below teachers described the two tools designed:
an observation grid and a check-list.

The observation grid is a classroom format that contains the planned
learning pathway3, possible student errors and action that can be
taken.
The check-list is used to monitor each skill included in the learning
pathway and record the errors observed […].

The second action was to design specific questions to determine
whether students had overcome certain errors at a given stage of the
exercise. The second specific purpose was to issue a final evaluation of
students’ cognitive knowledge after a given training period. In the
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following extract, for instance, teachers used the appearance of errors as
proof that students had not mastered a given skill.

We thought that with this task we would contribute to symbolic
language and representation skills. In connection with the former, we
concluded... [that] there was no evidence that the class had corrected
the errors committed in algebraic expression.

To fulfil this specific purpose, errors were used to establish evaluation
criteria for a topic and design the respective evaluation tools. The
following extract is an example of an evaluation criterion partially based
on the observation of errors.

a high performer exhibited suitable skills in this activity and followed
the learning pathway with apparent ease, particularly in connection
with algorithms, but committed errors due to the application of
irrelevant rules or strategies.

Uses associated with generating information useful for other

planning-related questions

Errors committed in mathematical topics were used to generate
information supporting other planning-related questions. The data
analysed showed that this general purpose was broken down into two
narrower purposes: formulating learning expectations and formulating
learning hypotheses. The teachers decided to undertake a number of
actions that involved the four uses of error represented in Figure V and
explained below.

Learning expectations were formulated under actions in which new
skills were acquired by building on errors, certain special skills associated
with serious errors were specifically identified and objectives were re-
formulated to embrace the need to overcome certain errors. The following
extract shows that teachers used errors to formulate specific skills
described in their reports.

Errors were one of the key guides in task formulation. Some errors
prompted the formulation of skills that were subsequently introduced

González López, M.J., Gómez, P. and Restrepo, A.M.  ERROR UsEs In tEAChInG MAthEMAtICs

Revista de Educación, 370. October-December 2015, pp. 64-86

Received: 24-04-2014    Accepted: 22-05-2015
80



in tasks. Error E7.4, for instance, induced the formulation of skill
C12…

In the formulation of learning hypotheses in which error plays a role,
the action taken was to build errors into what was denominated
the “herringbone” learning pathway. That format explicitly included the
stages in task performance at which students were expected to commit
errors. The following extract shows how error was incorporated into
learning pathways.

When planning the lesson we identified certain learning errors in the
topic dealing with trigonometric ratios. These errors were included in
the learning pathways, with a prediction of the stages in which students
were expected to be unsuccessful.

FiGuRe V. Uses of error for purpose 3
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Conclusions

This article proposes a conceptual framework for decision-making to
explore the use of error in mathematics teacher training. Taking that
framework as a basis, uses of error were identified in the final reports
drafted by groups of teachers participating in a training programme. The
uses of error were determined by relating triads that shared a given
purpose, contained actions associated with a shared purpose and
specified the results of such actions. The triads were then ranked on those
grounds.

The analysis of the groups’ output revealed a broad spectrum of uses
(16 in all), which were classified under three general purposes: to
overcome errors, to evaluate students’ cognitive knowledge and to
generate information useful for other planning-related questions. A
substantial number of actions and results arose in connection with error
at different stages of planning. These actions involved all areas of
teaching: learning objectives, student tasks, classroom delivery, attention
to diversity, student evaluations and training. This variety is remarkable,
given that the training programme did not focus in particular on the use
of learning errors in lesson planning. Error was just one of a series of
educational conceits addressed in the programme.

The present study supplements earlier findings and pursues the
respective research in greater depth. The groups of teachers participating
in the present training programme, unlike the teachers studied by
Santagata (2005) or the U.S. staff in Schleppenbach et al.’s (2007) survey,
did not set out to directly correct or prevent error. The groups studied
here focused on the choice and implementation of tasks that would
induce students to commit learning errors routinely observed in
connection with a given mathematical topic. Their approach to error was
to generate cognitive conflicts that would help students modify their
partial knowledge. The uses of error observed in the present study to be
related to the general purpose of overcoming errors supplement the
proposals for educational actions identified by Son and Sinclair (2010)
and Son (2013). In addition, the present study identified and characterised
two further general purposes related to the use of error, as discussed
above.

The present findings are relevant to the design and implementation
of teacher training programmes. The diversity of the use of error in
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teacher training observed supports the premise that this practice should
be explicitly addressed in the development of teachers’ professional
knowledge. The proposed structure, with general and specific purposes
and their respective actions and results may serve as a guide for the
design, development and monitoring of teacher training activities.

Limitations and future studies
The present study explored the uses made of error by six groups of

teachers training in a specific context. Therefore, the findings cannot be
generalised: other groups of teacher trainees might or might not use error
in the same ways and the uses identified are not necessarily the only ones
possible.

The information available limited the analysis to the participants’
written reports. The nature of that information ruled out research into
two issues that the authors aim to explore in future.

The first is error use monitoring during the classroom delivery of the
lessons formulated. This issue is regarded as especially relevant because
teachers prepare error-associated tasks and develop tools to monitor their
implementation. The way that such tools are used in a new context in
which teachers improvise decisions sheds light on the use of error
actually present in the classroom and the relationships among teachers’
decision-making processes. Such research calls, on the one hand, for
interviews with teachers and analysis of classroom videos, and on the
other, for re-formulating the conceptual framework for adaptation to
spontaneous decisions (not foreseen in lesson plans) that arise in the
classroom.

The second question deals with the techniques associated with the use
of error. While the conceptual framework proposed covers technique, the
detailed identification of techniques in decision-making calls for analysing
teachers’ interactions when adopting decisions. Such analysis entails
classroom audio and video recordings of their interactions. This type of
research is relevant to characterising the techniques associated with the
use of error, i.e., identifying rationally designed procedures that induce
teachers to select a given option and implement the actions arising from
the option selected.
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Abstract:
Human Capital theory considers education as an investment. Thus, those

individuals which invest in education, will have a higher productivity that
somehow will imply higher job incomes. For the Spanish case, from the early 90s
to the end of the twentieth century, there exist several works which analyse the
returns to high education. However, during the last decade, there are practically
any works on the subject, a fact that encouraged us to initiate the present work.
Thereby, the objective of this article is to evaluate the returns to high education
in Spain. For this purpose we make use of the Continuous Sample of Working
Lives which contains information of the working life of more than 1.2 million
people resident in Spain for a given year. The sample provides a large quantity
of information related to the individual characteristics of the worker, to the job-
contract and the nature of the job, and to the employer’s characteristics. The use
of this sample implies an advantage against previous work on the subject, given
the large sample size and the information availability. The estimation of the
returns to high education is done on the basis of the model proposed by Mincer
(1979), and we apply to different estimation methods: Ordinary Least Squares
and quantile regression methods. The analysis is carried out not only for the
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whole sample of workers, but also we distinguish by sex, firm size and by
economic activity. Our results suggest that the wage of workers with high
education is approximately a 53% higher than the wage of the rest of workers.

Key words: human capital, high education, wages, education returns, quantile
regression, Continuous Sample of Working Lives.

Resumen:
La Teoría del capital humano considera la educación como un bien de

inversión. De este modo, aquellos individuos que invierten en educación, verán
incrementada su productividad, lo que se traducirá en un futuro aumento de sus
rentas procedentes del trabajo. Para el caso de España, desde la década de los
90 y hasta finales del siglo XX existen diversos trabajos que analizan la tasa de
rendimiento asociada a distintos niveles de educación. El objetivo de este artículo
es evaluar la tasa de rendimiento asociada a la educación superior en España.
Para ello, empleamos la Muestra Continua de Vidas Laborales que contiene la
vida laboral correspondiente a más de 1,2 millones de personas residentes en
España El uso de dicha muestra supone una ventaja frente a los estudios
empíricos previos, dado el tamaño de la muestra y la gran cantidad de
información disponible. La estimación de la tasa de rendimiento se realiza a partir
del modelo propuesto por Mincer (1979) utilizando Mínimos Cuadrados
Ordinarios y Regresión cuantílica. El análisis se realiza no solo para el total de
trabajadores/as, sino que además se distingue por género, tamaño de empresa y
sector de actividad. Los resultados obtenidos muestran que el salario percibido
por los trabajadores/as con educación superior es de aproximadamente un 60%
superior que el del resto de trabajadores/as.

Palabras Clave: capital humano, educación superior, salarios, tasa de
rendimiento, regresión cuantílica, Muestra Continua de Vidas Laborales.

Introduction

Human capital plays a crucial role in economic growth and development.
The economic models which analyze the relationship between human
capital and economic growth suggest that knowledge and skills acquired
by workers increase their productivity and their capacity to develop new
technologies which, along with other factors, promote economic growth
(Romer, 1989; Aghion, P and Howitt, P.1998; Lucas,1988).
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From a theoretical point of view, human capital is related to workers
skills, abilities, attitudes and knowledge, which improve their contribution
to the economic production process. The contribution of human capital
to an economy, and in general to a society, is a multidimensional
phenomenon which affects both the development of individuals and the
development of the society as a whole. In this paper we analyse the effect
of human capital on individuals, and more specifically on the returns to
education. In this context, human capital is an intangible and
nontransferable individual active, and given its qualitative nature, it must
be measured using variables which incorporate one or several features
of the human capital definition. One of the most used variables to proxy
for an individual’s human capital is the educational level, since it is
assumed that during the educational process, the individuals develop their
skills, abilities, etc, and acquire the knowledge which allows them to
increase their contribution to the production process. On the basis of this
definition, the theory of human capital was developed in the works,
among others, of Becker (1962, 1964), Mincer (1958, 1974) and Schultz
(1960,1963). In the theory of human capital, education is considered as
an investment, and thus, those individuals which invest on human capital
via education, will benefit from increased productivity and higher wages.

In this context, the present paper evaluates the economic returns to
college education1 or the skill premium in Spain, defined as the difference
between the wage of a worker with college education and a worker with
a level of education below college. This topic has been a matter of
increased concern both, in the economic literature and in the political
agenda, in a context where the number of people attending college
education is largely increasing. Nevertheless, it remains a complex
phenomenon since, eventhough a higher level of education is considered
from a political point of view as a key issue to facilitate employability
and employment prospects, there exist widespread skill mismatches
among workers with college education in the Spanish labor market
(Felgueroso, Hidalgo and Jiménez-Martín, 2010). Against this background,
this paper presents several important features. First, the dataset use for
our empirical analysis comes from the Continuous Sample of Working
Lives (Muestra Continua de Vidas Laborales, hereinafter MCVL) which
provides several pieces of information suited for our research, related to
the workers’  individual characteristics, to the job-contract and the nature
of the job, and to the employers’ characteristics for over 1.2 millions of
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workers. Thus, it offers solid guaranties for the representativeness of the
results. Specifically we use the MCVL 2009 wave. While the dataset is also
available for 2013, the selection of the 2009 wave is determined by two
main reasons: on the one hand, although the effects of the international
financial crisis beginning in 2008 on the Spanish labor market, mainly on
unemployment, were already visible on 2009, their magnitude were not
as high as on the years afterwards. On the other hand, the individual
decision to invest on college education implies a cost-benefit analysis,
where the benefit is the future expected economic returns. In this sense,
the persistence of the economic crisis and the increase in the
unemployment rate largely decreased the opportunity cost of attending
college education and the expected economic returns to college
education. Thus, once more, 2009 may be a more plausible year to analyse
the economic returns to college education. Second, from an econometric
point of view, we estimate the rate of return to college education from
the specification of a traditional mincerian wage equation, which is
estimated not only by Ordinary Least Squares (OLS), but also by quantile
regression methods. This last methodology, allows us to obtain detailed
information on the change of the rate of return to college education along
different points of the wage distribution. Third, we also estimate the rate
of return by gender, by firm size and by economic activity sector.

The rest of the paper is organized as follows. The second section
presents a brief literature review of previous empirical works for the
Spanish case. The third section presents a description of the database and
a description of the sample. The fourth section shows the econometric
results. The fifth section concludes. 

Empirical literature review

The empirical works which estimate the rate of return to human capital
for Spain are relatively recent, as compared to the existing international
empirical literature, mainly due to the lack of appropriate databases for
the analysis. The first empirical works for the Spanish case appear in the
middle 80s, and the number of works has largely increased as new
appropriate databases were available.

Table I shows the main characteristics of those empirical works which
estimate the rate of return to human capital for Spain since the midd 90s.
In each case we present the sample period, the group of workers under
study, the database used in the analysis, and those variables included in
the estimated model, where the variable in bold is the one used to
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estimate the rate of return to human capital. Also we present the
estimated rates of return. As it can be appreciated there are two variables
used to estimate the rates of return to human capital. The first variable is
the number of years of education. In this case the rate of return must be
interpreted as the wage increase, expressed as a decimal, associated to
an additional year of education. For example, the estimated rate of return
by Alba and San Segundo (1995) for the whole sample of workers (0.083)
suggests that and additional year of education implies a wage increase of
8.3%. The second variable is a dummy variable which takes value one if
the worker attended to college and zero otherwise. In this case the rate
of return must be interpreted as the wage differential, expressed as a
decimal, between a worker with college education and a reference worker
with a certain level of education different from college. Usually, the
reference workers are those with no education. For illustrative purposes,
the rate of return estimated by Pijoan and Sánchez (2010), implies that
the wage of a worker with college education is a 157% and a 147% higher
than the wage of a worker without education for the period 1985-96 and
for the year 2000 respectively.

Although the estimated rates of return in the different works are not
fully comparable, as a consequence of methodological differences and
the different databases used, it is possible to obtain some interesting
common results. First, and as it can be appreciated, the estimated rates
of return to college education suggest that the expected wage of a worker
with college education may be twice the expected wage of a
worker without education, after controlling for other factors that may
explain wage differentials. Moreover, an additional year of education
implies a wage increase between a 6% and 8%. Second, the rate of return
to college education varies by gender. Specifically, the rate of return is
higher for females than for males (Alba and San Segundo, 1995; Lassibille,
1998; Marcerano and Navarro, 2005). Third, there are also differences in
the rate of return to college education among workers from the public
and the private sector. Nevertheless, the only two works which analyse
this differences obtain mixed results (Alba and San Segundo, 1995;
Lassibille, 1998). Lastly, among the group of works which analyse the
evolution of the rate of return along different time periods, the obtained
results suggests that the rate of return to human capital have decreased
mainly due to the large increase in the number of workers with high
levels of education during the last decades (San Segundo , 1997; Abadie,
1997; Hidalgo, 2010; Pijoan and Sánchez, 2010).
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TaBle I. Previous empirical literature on the rate of return to human capital.

source: own elaboration

Notes: ECPF = Continuous survey of households Budgets. EPA = Active Population survey. EPF = Basic survey of housholds

Budgets. MCVl = Continuous sample of Workig lives. PhOguE = European union  households Panel. PiAAC = Programme

for the international Assessment of Adult Competencies.  
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Database and sample description

The Continuous Sample of working lives and simple selection 

The Continuous Sample of Working Lives (MCVL), provided by the
Spanish Ministry of Labor and Social Security, is a micro-level dataset built
upon Spanish administrative records. By means of a simple random
sampling system, it consists of a representative sample (4% - 1.2 million
individuals) of the population registered with the Social Security
administration over the sampling year (2009 in our case). The sample
includes workers, but also pension earners, and recipients of
unemployment benefits. 

The identification process of those workers with college education
was carried in two steps. First, and attending to the available information
from the census data in the sample for the level of education, we
selected all individuals with college education or a higher level of
education. However, the information on education from the census data
may be outdated in some cases, so that a particular worker with college
education may appear with a lower level of education. Thus, in a second
step, and attending to the available information from the contribution
group of each worker, we selected all those individuals from group 1
(Engineers, Graduates and Senior Management), independently from
their educational level in the census to correct the downward bias in
the educational attainment level.

The variables used in the estimation process of the rate of return to
college education are the following:

n Individual characteristics: gender, age, Autonomous Community
(NUTS 2 region) and country of birth.

n Job and firm characteristics: type of work contract, job length, firm
size and age, economic sector, public or private sector.

n Wage2: gross annual wage.

In order to obtain an homogeneous sample, we selected only
employed individuals with a full-time contract, aged between 16-64 years
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the Autonomous Community of Navarra and Vasque Country.



and enrolled in the general regime of the social security administration3.
Since wage data comes from the fiscal dataset4 attached to the MCVL, we
discarded self-employed workers due to the lack of information on
income. Also, we only included in the sample those workers that were
able to maintain a unique job along 2009 and that earned an annual labor
income above the national minimum wage in Spain (8,376 €). Moreover,
we discarded workers from the agricultural sector and workers residing
in the autonomous cities of Ceuta and Melilla, due to their low
representativeness in the sample.

After applying the above filters, and deleting records with missing data,
our final sample consists of a total of 248,427 workers, of which 34,407
are workers with college education (13.8%) while the rest of workers have
a level of education below college. This percentage is similar to the ones
observed in the Spanish Active Population Survey (EPA) from the National
Institute of Statistics, where for 2009, a 14.8% of employed workers had
a college education or above.

Sample description

Table II and III present the individual and job characteristics of the
workers in the whole sample respectively. We also present these
characteristics dividing the sample in two groups: workers with college
education and workers with a level of education below college.

As it can be appreciated, females represent a 38% of the total sample.
In the sample of workers with college education, females represent a 45%
and a 36.9% in the sample of workers with a level of education below
college. Attending to the sample distribution by age, a high percentage
of workers with college education (45.7%) are between 30 and 39 years
old. Also, the percentage of workers with college education increases with
age, reaching a maximum value for the group of workers between 35 and
39 years old, after which the percentage of workers with college
education decreases and remains stable in the groups of workers between
55 and 59 years old and 60 to 64 years old.
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TaBle II. individual characteristics of workers in the sample, (2009)

Notes: (1) number of observations (2) percentage over total distribution by column, (3) percentage over total distribution by

row, (4) foreign nationality excluding those individuals from the European union, united states and Canada. 

source: own elaboration on the basis of the MCVl 2009.  

Attending to the data on job length, there are not significant
differences in the distribution of workers between those with college
education and those with a level of education below college (see Table
III). However there exists a positive relationship between the firm size
and the share of workers with college education. Thus, the percentage of
workers with college education is larger in large firms. In very small firms
(micro-firms), the percentage of workers with college education is only
of 8.8%, while in large firms the share of workers with college education
is 20.2%.
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TaBle III.  Job and firm characteristics, (2009).  

Notes: (1) number of observations (2) percentage over total distribution by column, (3) percentage over total distribution by row,

, (4) micro-firm= 1-10 workers, small firm = 11-50 workers, Medium firm = 51-250 workers, large firm = more than 100 workers.

source: own elaboration on the basis of the MCVl 2009.
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Figure I plots the gross annual wage distribution for the workers of
the sample. The wage distribution for workers with college education is
presented in blue while the wage distribution for workers with an
educational level below college is presented in red. As it can be observed
from the figure, the wage distribution of workers with a level of education
is skewed right while the wage distribution of workers with college
education is wider and more spread out. As expected, the distribution of
workers with college education presents a larger dispersion and higher
median values. Specifically, the median of the wage for workers with
college education and for workers with a level of education below college
is 36,744 euros and 19,811 euros respectively. Thus, the annual wage of
a worker with college education is a 54.1% higher than the annual wage
of a worker with a lower level of education

Also, the interquartile range, defined as the difference between the
upper and lower quartiles, is  29,111 euros and 11,585 euros for the sample
of workers with college education and for the sample of workers with
education below college respectively, indicating the large differences in the
dispersion of the wage distribution between both groups of workers.

FIguRe I. gross annual wage distribution by level of education, 2009. 

Notes: blue = workers with college education, red = workers with education below college.

source: own elaboration on the basis of the MCVl 2009.
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Econometrics results

In this section, and on the basis of human capital theory, we estimate the
rate of return to college education in Spain, in order to study how
the Spanish labor market values a high level of education.

Our first specification to estimate the rate of return to college
education is the following wage equation, based on the traditional model
proposed by Mincer (1979):

where Wi is the gross anual wage of worker “i”, CEi is a dummy variable
that takes value 1 if worker “i” has college education and zero otherwise,
and ui is the error term which is normally distributed as N(0,su

2). The
variables Agei and Age2i are measured in years, and are included in order
to proxy for the effect of labor experience on wages, and to control for a
possible convexity effect. Our coefficient of interest ß1 measures the
relative difference, expressed as decimals, between the expected wage of
a worker with college education and the expected wage of a worker with
a level of education below college. That is, if the expected annual wage
for a worker with a level of education below college is WBC, the expected
annual wage  for a worker with college education and with similar
characteristics would be:

Since we can state that exp{ß1} » 1+ß1 for values of ß1 near zero, the
relative difference in expected wage between workers with different levels
of education can be calculated as follows:
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The rate of return to college education

The estimation results by OLS of equation (1) are shown in Table IV,
where besides the variables previously mentioned, we include other
explanatory variables that may be relevant to explain wage differences.
The inclusion of these variables tries to avoid the presence of estimation
bias as a consequence of omitted relevant variables. The included
variables are gender, age, job length, nationality, economic sector, firm
size, type of contract (permanent or temporary), public or private sector,
and the Autonomous Community where the worker lives.

All estimated coefficients are statistically significant at the 5% level and
have the expected sign. The level of education and the labor experience,
proxied by age, have both a positive effect on wages and there is
convexity in the labor experience and wage relationship, given the
negative and significant parameter on the age squared variable.

Table V shows the estimation results of equation (1) using quantile
regression methods, for the 50th quantile. This methodology presents at
least two advantages over the OLS estimation method. First, it allows us
to estimate the rate of return to college education at different points of
the wage distribution and not only at the mean, and to study whether
there exists significant differences in the rate of return to college
education at the extreme points of the wage distribution. Second, the
quantile regression allows us to obtain more robust results. On the one
hand the estimation results are not affected by atypical values. On the
other hand, it is a solution to the possible presence of heteroscedasticity
in the wage equation, due to the fact that wage dispersion may be higher
for higher levels of education and labor experience, in which case the
estimation by OLS may present problems of inconsistence.

The estimation results reveal several interesting issues. First, the results
on Table IV show a high goodness-of-fit for the estimated models. The
coefficient of determination (R2) suggests that the model accounts for a
relatively high proportion of the variability in wages. Specifically, the
model explains a 43% and a 39% of the wage variability in the male and
female specification respectively. Second, the estimated rate of return to
college education is lower when the equation is estimated by quantile
regression methods. In fact, the estimation results by OLS for the rate of
return to college education indicates that the expected wage of a worker
with college education is a 53% higher than the expected wage of a
worker with a level of education below college. For males and females,
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the estimated rate of return is 58% and 45% respectively. The estimation
results by quantile regression methods for the 50th quantile indicate that
the rate of return to college education for the whole sample of workers
is 51%. For males and females, the estimated rate of return is 56% and
46% respectively5.

TaBle IV. Wage equation estimation results, Ols.

Notes: an asterik (*) indicates that the parameter is not statistically significant at the 5% level. s.t. = standard errors robust to

heteroscedasticity. F-statistics = test statistic for the null hypothesis that all estimated parameters are equal to zero. Breusch-

Pagan =  test statistic for the null hypothesis of homoscedasticity, Breusch and Pagan (1979). All regressions include  regional

dummy variables to control for  the Autonomous Community (Nuts2 region) of the workers residence. 
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(5) These results are consistent with the results obtained by previous empirical works for the Spanish case,
eventhough they are not directly comparable. In our case, the estimated rate of return to college education
indicates the difference between the expected wage of a worker with college education and the expected
wage of a worker with a level of education below college. In the previous empirical works, the estimated
rate of return to college education indicates the difference between the expected wage of a worker with
college education and the expected wage of a worker with no education.



TaBle V. Wage equation estimation results, quantile regression (50th quantile). 

Notes: an asterik (*) indicates that the parameter is not statistically significant at the 5% level. s.t. = standard errors robust to

heteroscedasticity, through bootstrap. F-statistics = test statistic for the null hypothesis that all estimated parameters are equal to

zero. Breusch-Pagan =  test statistic for the null hypothesis of homoscedasticity, Breusch and Pagan (1979). All regressions include

regional dummy variables to control for  the Autonomous Community (Nuts2 region) of the workers residence.

Figure II plots the estimated rates of return to college education at
different points of the wage distribution. As it can be noted, there exists
a positive relationship between the rate of return to college education
and the wage level, since the rate of return increases for higher quantiles
of the wage distribution. This positive relationship suggests a larger wage
dispersion among workers with college education than for those with a
lower level of education. The expected wage of a male worker with
college education is a 36.5% higher than the expected wage of a male
worker with an educational level below college in the lower tail (10th
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quantile) of the distribution, and increases considerable to a 74.6% in the
upper tail (90th quantile) of the distribution. For females, the relative
difference in expected wages between females workers with college
education and the rest of female workers is 30% in the lower tail of the
distribution (10th quantile) and increases to 54.7% in the upper tail of
the wage distribution (90th quantile). Also, the rate of return to college
education shows some convexity along the wage distribution. For higher
wage levels, the relative difference in expected wages for workers with
similar characteristics but a different educational level incresases, but in a
lower magnitude. Lastly, it can be appreciated that differences in the rate
of return to college education by gender are larger for higher wage levels.

FIguRe II. the rate of return to college education (%) along the wage distribution.

For the rest of explanatory variables included in the wage regression,
the firm age, having a permanent or open-endend contract, working in
the public sector and the firm size show a positive relationship with
wages. However, those workers with foreign nationality have a lower
expected wage once we control for other worker and firm characteristics.
The parameter on permanent contract suggests a wage difference of 0.05
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log points between a worker with a permanent contract and a worker
with a temporary job. This difference is larger for males than for females
workers. The parameter estimates on the public sector variable indicates
a wage difference of 0.06 log points between a worker from the public
sector and a worker from the private sector. This difference is far larger
for females workers than for males workers. For females, the estimation
results suggest a wage difference of 0.13 log points between a female
worker from the public sector and a female worker from the private
sector, a difference that is almost six times the observed difference for
males. Attending to the firm size, an additional worker implies a wage
difference of 0.06 log points for the whole sample of workers, and a
difference of 0.07 and 0.05 log points for the males and females sample
respectively.

The rate of return to college education by firm size and economic

activity sector

In order to analyse the differences on the rate of return to college
education by firm size, we specify the following equation:

where again, CEi is a dummy variable that takes value 1 if worker “i” has
college education and zero otherwise, MIFi, SFi, MFi and LFi sare dummy
variables that take value one if worker “i” is employed by a micro-firm
(1-10 workers), a small firm (11-50 workers), a medium firm (51-250
workers) and a large firm (more than 250 workers) respectively, and zero
otherwise.

Additionally, equation (5) allows us to estimate the rate of return to
college education by economic activity sector:
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where MAi, CONSi, MSi and NMSi are dummy variables that take value on
if worker “i” works in the industry and manufacturing sector, in
construction, in market services and in non-market services respectively
and zero otherwise. In both equations, ui is the error term which is
normally distributed as N(0,su

2).
In equation (4), the estimated parameters b5, b6, b7 and b8, indicate

the relative difference, expressed as decimals, between the expected wage
of a worker with college education and the expected wage of a worker
with an educational level below college in the four different firm sizes
considered respectively. Similarly, in equation (5) the estimated
parameters b5, b6, b7 and b8, indicate the relative difference, expressed as
decimals, between the expected wage of a worker with college education
and the expected wage of a worker with an educational level below
college in the four different economic activity sectors  respectively. The
estimation results of equation (4) and (5) are presented in Table VI and
VII respectively.

Attending to the results in Table VI for the whole sample of workers,
a positive relationship is observed between the rate of return to college
education and the firm size. For micro-firms, the estimated rate of return
to college education is 49%, a percentage that increases to 56% for large
firms. This positive relationship is also observed for the sample of
female workers. For micro-firms, the estimated rate of return to college
education of female workers is 41%, and increases to 55% for large firms.
However, for the sample of male workers the relationship between the
rate of return to college education and firm size is not at all clear. For
micro-firms, the rate of return is almost 59%. For small and medium
firms the rate of return is 61%, while for large firms the rate of return
is 57%. In general terms, the estimation results show evidence of a
positive relationship between the expected wage of a worker with
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college education and the firm size6. This result corroborates the
presence of the so called employer size-wage effect as detailed in Brown
and Medoff (1989). Also, a similar result for the Spanish case can be
found in the work of Bover et al (2001). These authors point out the
presence of several factors behind the employer size-wage effect.
Specifically the authors suggest that larger firms tend to employ a larger
number of workers with college education, are more capital intensive,
pay higher wages in order to reduce monitoring costs, etc.

TaBle VI.  Wage equation estimation results by firm size, Ols. 

Notes: an asterik (*) indicates that the parameter is not statistically significant at the 5% level. s.t. = standard errors robust to

heteroscedasticity.  
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(6) From equatio (4), the expected wage of a worker with college education in a micro-firm, small firm, medium
firm and large firm, can be calculated respectively as: exp{b1+b5} , exp{b2+b6} , exp{b3+b7} , exp{b4+b8}.



TaBle VII. Wage equation estimation results by economic activity sector, Ols. 

Notes: an asterik (*) indicates that the parameter is not statistically significant at the 5% level. s.t. = standard errors robust to

heteroscedasticity.  

The reported estimation results in Table VII, indicates that the
expected wage of a worker with college education is higher in the
industry and manufacturing sector, followed by the construction sector
and the market services sector. However, for females workers with college
education, the expected wage is notably higher in the market services
sector than in construction. The rate of return to college education for
male workers is higher in the construction sector, followed by the industry
and manufacturing sector, the market services sector and the non-market
services. For females workers with college education, the highest rate of
return is found in the industry and manufacturing sector.

Conclusions

The present article analyses the rate of return to college education in
Spain, making use of the Continuous Sample of Working Lives (2009
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wave) which contains information of the working life of more than 1.2
million people resident in Spain for a given year. The estimation of the
rate of return is based on the traditional wage model proposed by Mincer
(1979), a model that we estimate by OLS and by means of quantile
regression methods. The analysis is carried out for the whole sample of
workers and by gender, firm size and economic activity sector.

From the previous literature review for the Spanish case, and as we
corroborate in this paper, it is obvious that college education has a clear
positive effect on wages. However, this positive relationship has changed
over time (San Segundo , 1997; Abadie, 1997; Hidalgo, 2010; Pijoan and
Sánchez, 2010), and the evidence suggests the presence of important
differences by gender, wage level, economic activity sector, firm size, etc.

The econometric results show, that the rate of return to college
education in Spain implies that the expected wage of a worker with
college education is a 53% higher than the expected wage of a worker
with an educational level below college, after controlling for several
factors that may influence wages. This result corroborates the findings of
previous empirical works, where a positive relationship is observed
between the level of education of a worker and its expected wage, as
suggested by Human Capital Theory (Becker 1962 and 1964); Mincer 1958
and 1974; Schultz 1960 and 1963). Contrary to the findings in several
previous works (Alba and San Segundo, 1995; Lassibille, 1998; Marcerano
and Navarro, 2005), our results suggest that the rate of return to college
education is higher for males (58%) than for females (46%), eventhough
the share of working women with college education (16.4%) is higher
than the share of working males with college education (12.3%). However,
these differences by gender in the rate of return to college education,
could be explained by differences in the labor market participation rate
between males and females, and other factors that we were unable to
control for in our econometric specifications. The estimation results by
quantile regression methods, suggest that the rate of return to college
education is lower in the lower tail of the wage distribution (34%, 10th

quantile) than in the upper tail of the distribution (66%, 90th quantile).
Moreover, the differences in the rate of return to college education by
gender, increase along the wage distribution. We also found a positive
relationship between the rate of return and the firm size, measured by
the number of workers.
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Lastly, from the economic activity perspective, the highest rate of
return to college education is found in the industry and manufacturing
sector for the whole sample of workers, followed by the construction
sector, the market services sector and the non-market services sector. For
female workers, the highest rate of return to college education is found
in the industry and manufacturing sector, while the lowest rate of return
is found in the construction sector. In contrast, for male workers the
highest rate of return to college education is found in the construction
sector, while the lowest rate of return is found in the non-market services.

Our results highlight the important role of education on expected
wages. Other works and several databases for the Spanish labor market
show also the relevance of education on employability. Nevertheless, the
reform of the employment training system in Spain, requires better
policies for anticipating and matching labor market and skills needs, in
order to avoid the so called phenomenon of overqualification and to
improve the relatively poor results of the actual system.
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Abstract
Grounded Theory (GT) is a qualitative inductive research methodology

developed by Glaser and Strauss (1967). It is a methodology for the educational
field that facilitates the construction of substantive theories about the study
realities with a high level of ecological validity. The construction of these
theoretical frameworks helps teachers and researchers to obtain a potentially
profound and exact comprehension of the educational dynamics from an
ecological perspective. Therefore, based on these theories, it is possible to design
and apply contextualized action plans. Proof of this is the considerable increase
in educational productions based on GT in recent years. Until now, there has
been a lack of studies designed to analyze the progress and current state of the
research on GT in the field of education. Thus, in order to offer synthesized
information, this article presents a scientometric analysis of the productions
indexed in the Web of Knowledge (WoS) impact databases of the Institute for
Scientific Information, which includes the following thematic categories in the
SSCI and SCI databases: Education & Educational Research; Psychology
Educational; Education Scientific Disciplines; Education Special. The sample was
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composed of all the products published in journals during the period from 1975
to 2013, representing a total of 688 indexed articles. The results indicate that the
production is in an exponential growth phase, confirming the statements of the
experts who consider GT to be a promising methodology in the educational field.
Furthermore, based on the results obtained, and using indicators of production,
consumption and collaboration, the leading authors, journals and institutions are
discussed, and international collaboration networks are described.

Keys Words: Research Methodology, Grounded Theory, Bibliometrics,
Educational Research, Bibliographic Databases.

Resumen
La Grounded Theory (GT) es un tipo metodología de investigación inductiva

de corte cualitativo desarrollada por Glaser y Strauss en el año 1967. La Grounded
Theory es una metodología que facilita construir teorías sustantivas de las
realidades de estudio con un alto grado de validez ecológica. La construcción de
dichos marcos teóricos ofrece a los docentes e investigadores una comprensión
ajustada y profunda de las dinámicas educativas. Por tanto, desde dichas teorías
se pueden diseñar y aplicar planes de acción contextualizados. Prueba de ello es
el incremento notable de producciones educativas basadas en la GT durante los
últimos años. Hasta el momento, existía una carencia de estudios dirigidos al
análisis del progreso y estado actual de la investigación sobre GT en el campo
educativo. Así, con el propósito de ofrecer una información sintetizada, en este
artículo se presenta un análisis cientimétrico de las producciones que fueron
indexadas en las bases de impacto Web of Knowledge (WoS) del Institute for
Scientific Information. Ello incluye las siguientes categorías temáticas contenidas
en las bases SSCI y SCI: Education & Educational Research; Psychology
Educational; Education Scientific Disciplines; Education Special. La muestra fue
compuesta por todos los productos publicados en revistas durante el periodo
comprendido entre 1975 y 2013, con un total de 688 artículos indexados. Los
resultados indican que la producción se encuentra en fase de crecimiento
exponencial, y por tanto, se confirman las afirmaciones de aquellos expertos que
conciben la GT como una metodología prometedora en el campo educativo.
Además, partir de los resultados obtenidos, y desde indicadores de producción,
consumo, y colaboración, se discute sobre aquellas instituciones, revistas, y
autores más con un mayor número de productos publicados, y de citaciones de
dichos productos en el campo de la GT, y se muestran redes de colaboración
manifiestas a nivel mundial.

Palabras Claves: Metodología de Investigación, Grounded Theory,
Bibliometría, Investigación Educativa, Bases de datos bibliográficas.
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Introduction

Grounded Theory (GT) is a qualitative research methodology originally
developed by Glaser and Strauss (1967).  Unlike research oriented toward
the verification of theories, GT has the explicit purpose of developing
theories using inductive logic based on the data. The final objective in
developing a data-based theory is to find a nuclear category. Therefore,
in GT, theorize refers to the emerging process of conceptual abstraction
that includes information gathering, codification, conceptual analysis, and
writing memos and results (Glaser, 2004). This abstraction process is
based on the brute data, which is transformed into concepts and, in turn,
into categories, establishing relationships among them through
hypotheses or propositions. 

The codification proposed by Strauss and Corbin (1990) is useful to
better understand the theorization process in GT. These authors
differentiate three types of codification that, in turn, reflect three non-
sequential phases of the analytic process. The first type is open
codification, which consists of finding conceptual categories in the data
through open coding. The second type is axial codification, directed
toward the analysis and description of the relationships among the
codified concepts/categories through propositions. The third type is
selective codification, which has the purpose of conceptualizing and
explaining the relationships at a higher level of abstraction.    

To facilitate the theorization process, Glaser and Strauss (1967)
developed two interdependent analytic strategies (Charmaz, 2000): i) the
constant comparative method and; ii) theoretical sampling. On the one
hand, the constant comparative method (CCM) refers to the systematic
comparison of incidents extracted from the data (information obtained)
with the purpose of discovering categories and their properties (causality,
conditions, consequences, dimensions), as well as hypotheses about
relationships based on these properties. On the other hand, theoretical
sampling refers to the collection of new data during the analytic process,
with the goal of refining ideas and, in this way, producing more accurate
and central categories. The data collection must be carried out until
reaching the saturation of the data, i.e., until the moment when the
inferred evidence is not altered by introducing more data about the study
problem. In other words, the data collection is directly related to the level
of theoretical saturation.
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In recent years, GT has become one of the main contributors to the
legitimacy of qualitative methods in applied social research, such as the
field of educational research (Thomas & James 2006). Thus, GT is a
promising methodology for the educational field, allowing researchers to
construct substantive theories with a high degree of ecological validity in
order to design and apply contextualized action plans (Charmaz, 2003;
Olson & Raffanti, 2004). These theories present a high level of ecological
validity; in other words, they usually show a high degree of
correspondence with the study object in a specific context. Thus, the
construction of these theoretical frameworks helps teachers and
researchers to obtain an accurate and profound understanding of
educational dynamics (Olson & Raffanti, 2004; Schön, 1983). As Strauss
and Corbin (1990) point out, GT allows an in-depth comprehension of
the phenomenon studied, as well as the possibility to design relevant
responses. Likewise, Kinach (1995) states that GT offers a theoretical
framework to efficaciously guide both the teaching and research action
to emerging levels of knowledge building and educational improvement.
Various studies have shown the application of this methodology to the
study of educational topics, such as teaching and learning (e.g. Sunami,
2013), social justice (e.g. Ellis & Chen, 2013), and the ongoing
professional development of teachers, principals and organizations (e.g.
Song, Zhu & Liu, 2013). 

Thus, during the last decade, there has been an exponential growth in
educational studies supported by Grounded Theory (Babchuk, 1996;
Hutchinson, 1988; Mills, Bonner, & Francis, 2006). Moreover, according
to Lichtman (2006), the potential of this methodological approach in the
field of education has been demonstrated by the variety of topics studied
(e.g. Brown, Stevens, Troiano, & Schneider, 2002; Campbell, 1987;
McCarthy, 2001; Starbuck, 2003; Zimmerman, 2002). This growth means
that there is a need for a study that analyzes and organizes the research
GT production in the field of education. However, no study has been
found that has analyzed the progress and current state of the research on
GT in education. This article presents and discusses a scientometric study
of educational investigations on GT indexed in the Web of Knowledge
(WoS) impact databases of the Institute for Scientific Information.
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Objectives

The main objective of the present study is to scientometrically analyze
the GT production in educational thematic categories. The specific
objectives are the following: 

n Analyze the productivity on GT from a diachronic approach in the
set of educational thematic categories. 

n Analyze the production and consumption of GT according to the
following indicators: author, institution, journal and publisher in the
set of educational thematic categories (Education & Educational
Research; Psychology Educational; Education Scientific Disciplines;
Special Education).

n Specifically analyze the production and consumption of GT
according to the following indicators: author, institution, journal and
publisher in the thematic category of Education & Educational
Research.

n Analyze the collaboration between authors and institutions in
elaborating products about GT in the set of educational thematic
categories.

n Analyze the fit of the GT production to the most relevant scientific
productivity laws (e.g. Price, 1986; Lotka, 1926; Bradford, 1948) in
the set of educational thematic categories.

Method

This study used a descriptive method corresponding to scientometric
studies in order to offer synthesized information about the production on
Grounded Theory in the field of education. The scientometric method has
a long tradition, to the point of forming a scientific discipline i.e.,
scientometrics, as the quantitative study of science, its agents, institutions
and activities. The scientometric analysis offers a series of indicators
whose application helps researchers to analyze the scientific progress and
current state of a scientific topic (Fernández-Cano & Bueno, 1999), in this
case, GT.
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Population and sample 

The target population of the study consisted of the articles on GT
published in journals indexed in the areas of education according to the
SSCI (Social Sciences Citation Index) and SCI (Science Citation Index)
databases. The following categories are included: Education &
Educational Research; Psychology Educational; Education Scientific
Disciplines; Education Special. The sample was composed of all the
products published in journals within the 1975-2013 time period in this
database; in fact, both the population and sample coincide, as this is a
census study, with a total of 688 articles on GT indexed. 

The SSCI and SCI databases were used because they are the scientific
information databases most widely accepted by the international
scientific community; see, for example, the CNEAI criteria for evaluating
the research activity.

Variables

The variables in this study are classified using the following categories
(Bueno & Fernández-Cano, 2003): productivity, citation and collaboration
(Table I).

TABle I.  Scientometric indicators 

Based on the variables and bibliometric indicators, the following
analyses were proposed:



n Diachronic productivity, understood as the set of documents on GT
published from 1975 to 2013, in order to verify the law of
exponential growth by Price (1986). 

n Publisher, source, institutional, and personal productivity,
understood as the number of documents published by each
publisher, journal, institution and author, classifying the production
based on the productive levels established by Price (1986). In
personal productivity, an attempt will be made to verify Lotka’s law
(1926). In the same way, the distribution of the sources’ productivity
is analyzed (Bradford Law, 1948). The productivity analysis will be
carried out focusing on the thematic categories, in coherence with
the proposed study objectives. 

n Publisher, source, institutional, and personal consumption,
understood as the number of citations received and the impact index
in the period analyzed. 

n Personal and institutional collaboration, by analyzing the level of
collaboration and multi-authorship obtained through the number of
signatures per study, and the level of centrality and collaboration
between authors and institutions. 

Procedure

The search for information began with a preliminary search to explore the
number of documents on GT included in the SSCI database in
the different thematic categories related to the field of education. Later,
based on this exploration, specific objectives and categories were selected
for the information search. After a new search, products (documents)
contained in the SSCI and SCI databases up until January 2014 were
collected and organized using the SPSS software. To do so, attention was
paid to the basic WoS bibliographical fields (title of the document, year,
authors, institution, title of the journal, publisher, language,
bibliographical references, key words, citations received, scientific area,
sample, and country). During the first months of 2014, matrixes were
created of data derived from the original matrix in order to analyze
the data and respond to the different objectives pointed out (e.g. the
symmetrical collaboration matrix). In addition, the collaboration analysis
was conducted using the UCINET software (Borgatti, Everett & Freeman,
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2002), and the graphics were created with the Net-Draw tool that pertains
to this software. 

Results

Next, the results obtained from the analysis of the GT production are
presented, focusing on the study variables and indicators: the diachronic
productivity about GT, the production and consumption of the publishers,
sources, institutions and authors that have contributed to studies on GT,
and the collaboration indexes and networks among the authors and
institutions.    

Diachronic productivity on GT in the field of education 

The number of documents indexed in the SSCI and SCI databases from
the first publication in January 1975 until January 2014, that is, during a
39-year period, was 688. The mean is 17.6 per year, with a deviation of
26.1; the maximum number of documents per year was 97 (in 2013), and
the minimum was 1 (1975). The language most utilized was English. Thus,
of the total number of products, 96.2% were written in English, 2.5% in
Japanese, 0.7% in Spanish, 0.3% in German, and 0.3% in Portuguese. 

The volume of documents was organized in five-year periods. Figure
I represents the accumulated frequency, by five-year periods, of the GT
production in the field of education. It shows that from the second five-
year period, the production doubled every ten years. It also shows two
growth phases that correspond to the first two stages of Price’s growth
law (1963). The first phase includes the first three five-year periods (1975-
1979; 1980-1984; 1985-1989) and corresponds to the Price stage with a
production of less than five publications per five-year period. In the
second phase, equivalent to Price’s exponential stage, the production in
each five-year period is greater than the sum of the production of
previous years. This pattern is valid for the rest of the five-year periods
(1990-1993, 1995-1999; 2000-2004, 2005-2010), except the one from 2010-
2014. This could be due to the fact that for this period, data could not be
obtained for the current year, i.e., 2014. To do so, 47 publications are
required, when the mean per year in the four-year period is 80.5
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(SD=13.23). Therefore, the law of exponential growth formulated by Price
(1963) explains the GT production. 

FIGuRe I. Diachronic analysis of productivity about Gt in education

Productivity and consumption in the publishing variable 

This study has analyzed a total of 79 publishers of journals that contain
recovered documents and have contributed documents about GT in
educational thematic categories. Adopting the Price classification (1986)
applied to the authors’ productive levels, we can group the producing
publishers in three groups: low production (x = 10log); medium
production (10log > x < 1010log); high production (x = 1010log). At the
low production level, we find 31 publishers (39.2% of all the publishers).
At the medium production level, there are 35 publishers (44.3%) with a
total of 114 documents (17.06% of the total GT production). Finally, 13
publishers (16.5% of the total) are high producers (Table II). In fact, the
sum of the production of the publishers with a high production is 541
documents (78.9% of the total GT production). 
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The analysis of impact of the publishers by citation shows that the
classification of the most prolific publishers does not correspond to
the classification of their production. Thus, focusing on the impact index,
the results show that the American Psychological Association, the
publisher in sixth position in terms of production, shows a higher impact
index (25.05). The most significant contrast occurs in the case of Decker
Periodicals Inc., which is in last position in production, but is the second
publisher in terms of impact.    

TABle II.  Production-consumption of the most prolific publishers on Gt in the set of thematic

categories

note: impact index = Citations/Docs.  

In another vein, a total of 55 publishers contain the 330 documents in
the category Education & Educational Research. 40% are small producers
(22 of all the publishers) and sign 6.6% of the total production. The
publishers with an average productivity index represent 47.27% of the
total (26 publishers) and sign 24.9% of the production (83 documents).
Seven are high producers and have a total of 225 productions (68.2%)
(Table III). With 90 productions, the Taylor & Francis Group is the most
productive publisher in Educational Research.

The impact index of the most prolific publishers in this category
ranges between 1.5 for Teachers College Columbia University and 13.87
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for Johns Hopkins University Press, with these two publishers maintaining
the same production and citation values as in the general analysis (Table
II). However, the classification of publishers with a high impact index
does not coincide with those that are more productive. Thus, the
publisher with the highest impact is in sixth position according to
the productivity classification (Johns Hopkins University Press), and the
publisher with the second highest impact index (John Wiley & Sons Inc.
respectively) is in third position in the productivity classification.

TABle III.  Production and Consumption on GT of the publishers in the category Education &

Educational Research

note: Impact index = Citations/Docs.

Products and consumption of the most prolific journals on GT

A total of 183 journals have produced publications on GT. As Table IV
shows, the GT production has mainly been carried out by journals written
in English (95.62%). Through the geometric progression (2^n) proposed
by Bradford (1948), the nucleus and distribution zones were identified
(Figure II). The nucleus is composed of two journals with 107 documents;
the next layer of four journals presents 98 documents; next, a layer of
eight journals shows 107 articles; the following layer of 16 journals has
101 articles, and the next one with 32 journals shows 115 documents; 64
journals contain 109 articles, and the last layer, theoretically of 128
journals, in reality presents 57 journals with one article each.
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FIGuRe II. Distribution zones of journals and documents according to the Bradford model

On the other hand, the Price classification (1986), referring to the
authors and applied to the journals’ productivity, shows similar results
regarding Bradford’s more nuclear zones. Thus, 43.2% of the journals are
occasional producers of GT and have a low productivity index (x = 10log).
The production of these journals adds up to 11.5% of the total. Next,
49.7% of the journals show a medium productivity index (10log > x <
1010log), with 42% of the total production. And finally, 7.1% of the journals
are highly productive (x = 1010log), with a total of 320 articles, i.e., 46.5%
of the total GT production (Table IV). In the majority of the highly
productive journals, the texts are written in English, with the exception
of the Japanese Journal of Educational Psychology, which is written in
Japanese. It should be pointed out that the majority of highly productive
journals belong to SSCI and SCI categories related to the area of Health
Sciences, and to a greater degree to Health Care Sciences & Services.

The results of the consumption analysis show that the three most
productive journals are the ones consumed most, i.e., Medical Education,
Academic Medicine, Journal of Counseling Psychology and Health
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Education Research, respectively. However, the results indicate that the
journal with the highest impact (32.04) is the Journal of Counseling
Psychology, edited by the American Psychological Association and
belonging to the categories of Educational Psychology and Applied
Psychology. The publication Journal of College Student Development
(belonging to the thematic categories of Education & Educational
Research; Psychology Applied) is in second place, with an impact index
of 23.27. This journal is edited by Johns Hopkins University Press.

TABle IV.  Most productive journals on Gt in the set of thematic categories 

note: impact index = Citations/Docs.

*note. Categories SSCI : 1= Education & Educational Research; 2= Education Scientific Disciplines; 3= Psychology Educational;

4= Psychology Applied; 5= health Care Science & Services; 6= Public, Environmental & Occupational health; 7= nutrition &

Dietetics; 8= Gerontology.
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Focusing on the category Education and Educational Research, 123
journals contribute productions about GT. Fifty-five are journals with low
productivity, with 16.5% of the total production, 64 are medium
producers, with a total of 216 productions (64.8% of the total), and only
four journals  (3.2% of all the journals) are highly productive (Table V). 

TABle V. Most productive journals on Gt in the category Education & Educational Research

note: impact index = Citations/Docs.

Institutional productivity and consumption about GT

According to the data collected, 515 institutions have contributed
documents about GT. Using the Price classification (1986) as the
reference, applied to the productivity levels of the authors, we find that
338 institutions are low producers (65.6% of all the institutions), 31.8%
(164 institutions) are medium producers, and 13 are high producers
(2.6%) (Table VI). The most productive institution is the University of
Toronto, which signs a total of 41 documents (5.95% of the total
production). 

The analysis of the consumption of the most productive institutions
on GT shows that the total number of citations received ranges between
86 (University of Pennsylvania) and 827 (University of Toronto).

The three institutions with the highest impact index are the U. of
Maryland College Park (36.66), McMaster U. (20.4) and U. of Toronto
(20.17).
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TABle VI.  Production and consumption on Gt of the productive institutions in the set of thematic

categories 

note: impact index = Citations/Documents

Regarding the category Education & Educational Research, out of a
total of 283 institutions, 195 (68.9%) have a small production. The rest
are medium producers (31.1% of the institutions) (Table VII). The most
prolific institutions present a production that ranges between five and
nine products (Table VII), with the universities in the USA standing out. 

In addition, the total number of citations of the most prolific
institutions in this category ranges between six and 138, with the most
cited universities being Ohio State U. and the U. of Maryland College, and
the U. of Minnesota Twin Cities, respectively; furthermore, universities
with the highest impact index are Ohio State (23), Minnesota Twin Cities
(21.8) and Arizona State (11.8).
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TABle VII.  Production and consumption on Gt of the productive institutions in the category

Education & Educational Research

note: impact index = Citations/Docs.

Productivity and consumption in personal productivity 

A total of 1502 authors sign materialized knowledge about GT indexed
in the SSCI and SCI bases (Table VIII). Of them, according to the author
typology classification by Price (1986), 88.4% are occasional authors or
low producers (x £ 10log), 11.3% are medium producers (10log > x <
1010log), and 0.5 % can be considered high producers (x ³ 1010log).
Therefore, these data indicate that a large percentage of authors publish
very few studies, while a small percentage of authors can be considered
high producers. 

In order to analyze the fit of the distribution to Lotka’s Law (1926),
Table VIII was elaborated to show the observed data and the expected
data according to Lotka’s model (Y´= C/Xn). As the table reveals, there is
no correspondence between the two types of data.
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TABle VIII. Observed frequency of contributions by producing author on GT

note X= nº Contributions by author; “y” = nº of authors; Xy= total articles; y¨= Authors expected according to lotka.

The list of top ten greatest producers shows that only half of them are
high producers, with the work of Canadian authors standing out,
especially the work by Lingard, L.A (Table IX). 

TABle IX.  Most prolific authors on Gt in the set of thematic categories

*note : SSCI categories : 1= Education & Educational Research; 2= Education Scientific Disciplines

** levels according to Price: “2”: medium producers; “3”: high producers
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Table X presents the consumption of the most prolific authors (see
Table X). The authors’ classification based on the impact index does not
correspond to the classification of prolific authors. Thus, Lingard is the
most prolific author, but the impact index of her production is in fourth
position. Dornan, although in last place on the list of most prolific
authors, is the author with the highest impact factor (33.83), followed by
Carol M. Devine (31.28) and Glenn Regehr (27.85). The results show that,
from the set of the most prolific authors, the author with the lowest
impact factor is Watling, with eight citations and an impact factor of 6.75.

TABle X.  Consumption by Gt author in the set of thematic categories

note: impact index = Citations/Docs.

*note: SSCI categories : 1=Education & Educational Research; 2= Education Scientific Disciplines

Furthermore, focusing on the analysis of GT production exclusively in
the Education and Educational Research category, there is a lack of high
producers (x ³ 1010log). Nine of the most prolific authors are in this
category. Their productions range between three and six documents
(Table XI). It should be pointed out that four of these authors collaborate
on their productions about GT. Armour from the University of
Birmingham (England) is the most prolific author, with six documents.
She is the co-author of three productions with Chambers from College
Cork University (Ireland). In addition, Eilks and Markic, both from the
University of Bremen (Germany), are co-authors on their three articles.
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The citation analysis shows that the author with the largest number of
citations and highest impact factor is Jones from the University
of Maryland (USA), with a total of 118 citations in four products. Lubben
is in second place, with 32 citations in three products. Therefore, the
products by Jones are by far consumed the most.

TABle XI.  Consumption of the most productive authors in the category Education & Educational

Research

note: impact index = Citations/Docs

Analysis of the level of scientific collaboration 

Analysis of personal collaboration

As Table XII shows, the mode corresponds to studies that were signed
by only one author (29.8% of the total), and the rest were collaborative
studies with a collaboration index of 2.71 authors per study (mean or
number of authors signing divided by the number of studies). Of them, a
high percentage of studies were conducted by two (24.4%), three (20.1%)
and four authors (13.2%). Collaborations involving larger groups of
authors are somewhat more unusual. 
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TABle XII.  Collaboration index

In addition, a centrality analysis (Table XIII) using the network analysis
software UCINET shows that the most nuclear authors in the entire
network are van der Vleuten (94) and Lingard (91) in the set of categories
analyzed, while in the category Education & Educational Research, the
most nuclear authors are Armour (11) and Chambers (7).

TABle XIII.  Centrality of the most prolific authors on GT

Likewise, as the following figure (Figure III) shows, the majority of the
most prolific authors on GT in the set of thematic categories collaborate



130 Revista de Educación, 370. October-December 2015, pp. 110-137

Received: 12-03-2015    Accepted: 22-05-2015

Gutiérrez Braojos, C., Martín Romera, A., Casasempere Satorres, A. y Fernández Cano A. A SCIEntOMEtRIC AnAlySIS OF thE GROUnDED thEORy In

EDUCAtIOn

with each other (nine of the ten authors), in spite of belonging, in most
cases, to different institutions. Therefore, we can say that in the field of
GT, there is a collaborative network made up of the most prolific authors
in the category Health Care Sciences & Services and Education Scientific
Disciplines. However, Devine does not collaborate with any of the authors
because her production is in the category of Nutrition & Dietetics and
Education Scientific Disciplines.

Furthermore, the analysis of the co-authorship of the most prolific
authors on GT in the category Education & Educational Research (Figure
IV) shows that only four authors collaborate with each other.   

FIGuRe III. Collaboration among prolific authors on Gt in the set of thematic categories 
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FIGuRe IV. Collaboration among prolific authors on Gt in the category Education & Educational

Research

Analysis of the level of scientific collaboration among prolific institutions 

As the table shows (Table XIV), the centrality index of the institutions is
lower than the one obtained for the authors.  This is due to the fact that
the authors signed studies together in spite of being affiliated with
different institutions. Of the most prolific institutions on GT in the set of
thematic categories, those that stand out as nuclear in the entire network
are: the University of Toronto (28), U. of Pennsylvania (24) Maastricht U.
(23), while in the category Education & Educational Research, the nuclear
institutions are the U. of Minnesota Twin Cities (19), Michigan State U.
(13), and the U. of Maryland College Park (Table XIV).
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TABle XIV.  Centrality of the most prolific institutions on Gt

Based on the analysis of collaboration among the most prolific
institutions on GT in the set of thematic categories (Figure V), two
institutional collaboration networks can be differentiated. One network
is composed of eight of the most prolific universities, seven Canadian and
one from the USA (University of Washington Seattle). The second network
is composed of six institutions from the USA, three of the most prolific
and three with medium productions (Yale, Penn State and Minnesota
Twin Cities). Yale University can be considered the connection point
between these two networks because it collaborates with four of the most
prolific universities, including the University of Toronto. 

However, two of the most prolific universities do not collaborate with
others: Illinois Chicago and Wisconsin Madison. Regarding the
collaboration among the most prolific universities in the category
Education & Educational Research (Figure VI), the figure shows that there
is only collaboration among institutions in the USA. On the one hand,
there is a collaboration network among four universities and, on the other,
between two. 



133Revista de Educación, 370. October-December 2015, pp. 110-137

Received: 12-03-2015    Accepted: 22-05-2015

Gutiérrez Braojos, C., Martín Romera, A., Casasempere Satorres, A. y Fernández Cano A. A SCIEntOMEtRIC AnAlySIS OF thE GROUnDED thEORy In

EDUCAtIOn

FIGuRe V. Collaboration among prolific institutions from the set of thematic categories 

FIGuRe VI. Collaboration among prolific institutions in the category of Education & Educational

Research



Discussion and conclusions 

The main objective of this study was to carry out the first analysis of the
production and consumption of the Grounded Theory in the educational
field since the first production indexed in the SSCI and SCI in 1975. From
that time on, and in congruence with Price’s law (1963), our results
indicate that the production has been in a phase of exponential growth,
thus confirming statements by experts who consider GT to be a promising
methodology in the educational field (e.g. Charmaz, 2003; Olson &
Raffanti, 2004). 

Moreover, in this study a descriptive analysis was performed of the
production and consumption on GT, focusing on different variables
(publishers, journals, institutions and authors) and specifying prolific
producers and the impact index according to Lotka’s law. In addition, the
degree of centrality and collaboration in the case of prolific authors and
institutions has been examined. Based on these results, we can make
various statements about each of these variables that can be contrasted
in future studies.

n The production is concentrated in a certain group of publishers, as,
of 668 products, 541 correspond to 13 publishers. However, there is
no one-to-one correspondence between production and
consumption, as the most prolific publisher, John Wiley & Sons, is
not the one with the highest impact index, which would pertain to
the American Psychological Association.

n There is greater specialization in GT in the category of Education
Scientific Disciplines (and specifically disciplines related to health
sciences) on any of the variables analyzed (journals, institutions, and
authors). For the set of thematic categories, there are 13 journals,
13 institutions, and five authors who are high producers, while in
the category of Education & Educational Research only four journals
are high producers, and not one institution or author is a high
producer. 

n The majority of studies on GT are carried out collaboratively (70.2%).
The most common collaboration pattern involves co-authorship
between two (24.4%), three (20.1%) or four authors (13.2%). 

n There is a great deal of co-authorship among the most prolific
authors in the set of thematic categories, which could make up a
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type of invisible school as described by Crane (1972). Thus, almost
90% of the most prolific authors have collaborated at least once in
elaborating products on GT. However, although there are no prolific
authors, we analyzed co-authorship in the category of Education &
Educational Research and observed a lack of collaboration.

n There are two large collaboration networks among prolific
institutions in the set of thematic categories, one between Canadian
and European institutions and the other among institutions in the
USA, and there is little connection between these two networks.
Among the most prolific institutions in the category of Education &
Educational Research, collaboration can be observed among
institutions in the USA.

In conclusion, this article presents the first scientometric study on GT,
and additional studies would be necessary to confirm our findings.
Furthermore, given that the relationship has been shown between GT
production and the educational field, we suggest that future studies
specify the study sample according to each thematic category, in order to
offer more in-depth and qualitative knowledge about GT in each category.
For example, future studies could report on the research topics that are
more commonly approached using the GT methodology in the category
of Education & Educational Research. 
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Autonomy: parents speak out1
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Abstract
The debate between approaches that highlight decision-making and those

that underscore social-relational dimensions has enriched the concept of
autonomy, opening up new avenues of reflection and strengthening the field of
research into educational strategies. In this context, the aim of this study was to
explore conceptions of autonomy and parenting strategies in 272 parents with
children aged between 10 and 14, and to analyze significant differences in
accordance with their educational level, sex and their children’s age. The design
was descriptive, cross-sectional and mixed. The data were analyzed with the
ATLAS-ti program, using a qualitative methodology with an inductive textual
content analysis process. Next, the weight and significance of the dimensions
found were analyzed, and the percentages and chi-squared values were
calculated. The results revealed a conception of autonomy that is mainly oriented
towards the development of personal habits aimed at taking care of oneself and
one’s things, but which also includes the assumption of responsibilities in the
family and school contexts. Also present, although to a much lesser extent, were
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learning to think for oneself and social-relational dimensions (civic action, care
of others, etc.), with emotional aspects and the use of technological resources
being only marginally considered.  
Giving children the opportunity to perform tasks and teaching them right

from wrong were the strategies found to have most weight, while setting limits
and controlling had less. Support was often oriented towards rewarding them
when they did something well and giving advice, as opposed to other strategies
outlined in psychopedagogic literature (stimulation, positive feedback, etc.).
Parents of secondary school children were observed to attach greater importance
to control strategies, while lower expectations were found in relation to children
helping out at home. Significant differences were also found in relation to both
the conception of autonomy and parenting strategies in accordance with parents’
sex and educational level.

Keywords: personal autonomy, social autonomy, parents’ attitudes,
responsibility, decision-making, elementary school students, secondary school
students, educational strategies, family life education

Resumen
El debate entre los planteamientos que subrayan la toma de decisiones y los

que destacan dimensiones sociorelacionales ha enriquecido el concepto de
autonomía, aportando, asimismo, elementos de reflexión en la investigación de
estrategias educativas para potenciarla. En este marco de preocupaciones, el
objetivo de este trabajo fue tanto explorar concepciones sobre autonomía y
estrategias educativas, en 261 madres y padres con hijas e hijos entre 10 y 14
años, como analizar diferencias significativas, en función del nivel de estudios,
el género y la edad de sus hijos. El  diseño fue descriptivo, transversal y mixto.
Los datos se analizaron con el programa ATLAS-ti, utilizando una metodología
cualitativa, con un proceso inductivo de análisis de contenido textual.
Posteriormente, se analizaron el peso y significatividad de las dimensiones
halladas, calculando porcentajes y chi cuadrados. Los resultados mostraron una
concepción de autonomía orientada, sobre todo, al desarrollo de hábitos
personales de cuidado de uno mismo y de las cosas propias, pero también a las
responsabilidades  en el ámbito familiar y escolar. Tuvieron una presencia menor
aprender a pensar y las dimensiones sociorelacionales (actuación cívica, cuidado
de otros, etc), siendo marginal lo emocional o el uso de recursos tecnológicos.
Dar oportunidades de hacer tareas y enseñar lo que está bien fueron las
estrategias con más peso, mientras que poner límites y controlar aparecieron
poco, al tiempo que el apoyo, a menudo, se orienta a premiar lo que se hace
bien y dar consejos, frente a otras estrategias señaladas por la literatura
psicopedagógica (estimular, feed-back positivo). Se encontró una mayor
consideración de las estrategias de control en secundaria, así como una menor
expectativa de contribución en las tareas de la casa. También se encontraron
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diferencias significativas por género y nivel de estudios tanto en concepción de
autonomía como en estrategias educativas.

Palabras clave: autonomía personal, autonomía social, concepciones de los
padres, responsabilidad, toma de decisiones, alumnos de primaria, alumnos de
secundaria, estrategias educativas, educación en la vida familiar.

Introduction

Towards an integrating concept of autonomy

Autonomy, understood as the capacity for independence and self-
governance has been a fixture of Western culture for the last two hundred
years, being deeply rooted in the ideas of Kant and the tenets of the
subsequent humanist and Romantic schools which together make up the
liberal democratic tradition (Pitt, 2010; Warnick, 2012). From this
perspective, much emphasis has been placed on autonomy as the capacity
to choose and direct one’s own actions in the behavioral, cognitive and
emotional fields. 
Nevertheless, autonomy is not just independence or the freedom to

do as one likes. Self-determination theory (Chen, Vansteenkiste, Beyers,
Soenens & Van Petegen, 2013; Ryan & Decci, 2006) shifts the core of the
debate towards the way in which one makes one’s own decisions, based
on personal values. Thus, autonomy is viewed as the capacity to act in
accordance with one’s principles, without succumbing to either external
pressure, from one’s peer group, for example, or internal pressure, such
as the desire to avoid feelings of guilt, shame or anxiety (Radel, Pelletier
& Sarrazin, 2013). 
Autonomy is also sensitivity and connectedness; as shown in a number

of cross-cultural studies, it implies an awareness of and concern for the
consequences of one’s decisions on other people (Beyers, Goossens,
Vansant & Moors, 2003; Kagitçibasi, 2007; Karreman & Bekker, 2012; Yeh,
Bedford &Yang, 2009). Bearing this framework in mind, some authors
(Keller, 2012) conceive autonomy as the ability to act in a self-controlled
way in relation to fulfilling one’s duties and obligations (helping out with
household chores, for example). Finally, other authors highlight the
importance of flexible control, stressing the relevance of often overlooked
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dimensions such as creativity, spontaneity and leisure (Aviran & Yonah,
2004).
In this research project we adopt an integrating and multidimensional

perspective. We believe that autonomy implies the capacity for self-
governance, in accordance with what one thinks and feels, but we also
hold that it implies consideration of others, as well as the assumption of
personal, interpersonal and social responsibilities.

The debate on strategies that foster autonomy

Autonomy is something which is learned through experience and
practice. In other words, one becomes autonomous through being given
the opportunity to think for oneself, manage one’s own affairs, be
responsible, collaborate and find solutions to given problems. In this
sense, there is broad agreement regarding the fact that being autonomous
requires having the opportunity to make decisions in a variety of different
contexts (Aviran & Assor, 2010; Marbell & Grolnick, 2013). Some authors
highlight the role of practice in generating autonomous habits, or
everyday behaviors that are engaged in without external control
(Comellas, 2001), while others stress the importance of giving children
responsibilities that enable them to gradually exercise their rights (Haase,
Silbereisen & Reitzle, 2008) and observing their behavior before
conferring greater freedom (Wang, Chan & Lin, 2012). 
Methods known as positive autonomy-supportive strategies, such as

providing guidelines and role models, offering feedback, describing
things that have been done well and praising effort (Furtak & Kunter,
2012) are also the subject of broad agreement. Great importance is
attached to dialog, explaining the rationale behind what is being asked,
empathy and recognizing and accepting different points of view, even
when this entails expressions of negative affect (Hoffmans-Gosset, 2000).
Support is also seen as involvement in both children’s school life and
personal life, showing an interest in what happens to children at school
and offering them intellectually stimulating activities (Grolnick, Kurowski,
Dunlap & Hevey, 2000).
What is more controversial is the role of limits and control. It has been

demonstrated that the use of coercive strategies, both physical (threats,
punishment) and psychological (guilt induction, affection dependent on
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the fulfillment of expectations), has a negative effect on autonomy
(Froiland, 2011), as indeed does communication based on imperatives
and orders, with few opportunities for reasoning, expression or choice.
On the other hand, however, research has also shown that supporting
autonomy should not be confused with permissiveness, and that control
is necessary, as is the provision of a set of clear limits, with expectations,
rules and clear consequences which offer children a safe space within
which to learn to regulate their emotions and behavior (Savard,
Joussemet, Pelletier & Mageau, 2013; Soenens et al., 2007). A structured
framework of limits is not incompatible with support (Chua, Wong &
Koestner, 2014) and indeed fosters autonomy when control strategies are
used in conjunction with empathy and dialog (Nie & Lau, 2009). 
Finally, some authors highlight the importance of fostering flexible

control, which is defined as the capacity to slide between states of total
control, with strong levels of self-regulation, and states with no control
at all, in which going with the flow, spontaneity and creativity
predominate in engagement in activities which are highly gratifying for
personal wellbeing. From the perspective of parenting strategies, this
implies fostering a wide variety of different experiences which provide
opportunities for self-knowledge and spaces and times for free,
undirected activities (Aviran & Yonah, 2004).

Age and sex in the development of autonomy

Studies focusing on sex and age differences in relation to autonomy have
found more motivation and self-regulation (with the exception of anxiety)
in girls than in boys (Vansteenkiste et. ál, 2012), and the results also
suggest that the transition between elementary and secondary school is
associated with negative changes, although with a great deal of variability
(Gromlick et ál., 2000). However, there is, as yet, no solid framework for
understanding age differences (Daddis & Smetana, 2005). The role of
these variables has also been studied in relation to perception of parental
support (Inguglia, Ingoglia, Liga, Lo Cocco & Lo Cricchio, 2014), with
contradictory results being reported. 
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Aims and Method

Aims

The study of autonomy from parents’ perspective must necessarily bear
in mind the advances made and the debates held in relation to this topic
within the field of psychopedagogic research. This is especially important
when we take into consideration the role played by parents in the
development of children’s autonomy. The aim of this study was to explore
parents’ perspective in light of three specific objectives.

n To define, from a mainly qualitative and inductive perspective, the
dimensions that make up both parents’ conception of autonomy
itself and the parenting strategies they believe are most important
for fostering it. 

n To analyze the weight of the dimensions identified in accordance
with parents’ sociodemographic variables (sex, educational level)
and the age of their children, in order to identify any possible
significant differences.

n To compare parents’ perception of autonomy with that proposed by
psychopedagogic research, in order to establish possible links
and/or gaps. 

Context, procedure and instruments

This study forms part of a broader educational research and intervention
project on «autonomy and positive treatment» that was carried out in the
Autonomous Region of the Basque Country with the participation of
students, families and teachers. First of all a letter was sent to the school
management teams and parents’ associations of 200 public and semi-
public schools. Subsequently, of the 25 schools that expressed an interest
in the project, 12 were selected in accordance with the criteria of
intentional sampling, the aim being to obtain a varied study sample. Four
of the selected schools were located in towns or cities with more than
100,000 inhabitants; three were located in towns with between 10,000
and 100,000 inhabitants; and five were located in small towns with fewer
than 10,000 inhabitants. In relation to socioeconomic context, the students
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in the majority of schools came from middle-class families, with only two
schools reporting high percentages of students from immigrant and low-
income families. After selecting the schools, the research team
administered the tests to students and gave them the parents’
questionnaires in a sealed envelope, with instructions to return them,
completed, within a fortnight. The principal instrument for gathering and
analyzing the data presented in this paper was an open-ended
questionnaire. A series of basic details were collected from parents,
including sex and educational level, as well as the sex and age of their
children. The questionnaire posed two basic questions: «How do you
think children of the age of your child (the one who brought home the
questionnaire) should behave in order to be considered autonomous?»
and «What parenting strategies do you think should be used to foster
children’s autonomy? In other words, what should parents do to foster
their children’s autonomy?

Participants

All parents from whom information was requested had a child aged
between 10 and 14 in the last key stage of elementary school (fifth and
sixth grade) or the first two years of secondary school. Of the 671 parents
who participated in the research project, all of whom were aged between
29 and 59 (M = 44.25 and SD = 4.56), only the data for 261 were taken
into consideration, since these were the only ones to provide information
about conceptions of autonomy and strategies for fostering it. More
parents of elementary students (171) handed in completed questionnaires
than parents of secondary school students (90), and more mothers (177)
completed the questionnaire than fathers (60), despite the fact that it was
sent to even numbers of mothers and fathers. The remaining participants
did not specify their sex. More respondents had a high educational level
(98) than a medium (73) or basic one (26), although many respondents
failed to specify this information (64).

Design

The design used in this study was descriptive, cross-cutting and mixed. It
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was divided into two phases, with a mainly qualitative methodology that
nevertheless contained some quantitative elements (Collins, Onwuegbuzie
& Jiao, 2006). This mixed designed was chosen because, providing the
sample group is large enough, this type of methodology enables more
solid analyses to be conducted (Tashakkori & Teddlie, 2002). The
qualitative methodology was used to explore parents’ ideas regarding
how autonomy is conceived and what strategies should be used to foster
it, with a series of categories and dimensions being extracted by means
of a thorough inductive analysis of textual content. Subsequently,
quantitative analyses were conducted as a complement to the qualitative
work, with the aim of analyzing the weight and significance of the
dimensions obtained.

Coding and quantification of the data

The content of the responses provided was analyzed and coded using a
prioritization of the inductive methodology in the construction of
categories (Boyatzis, 1998). In line with constructivist grounded theory
(Charmaz, 2000; Sandin, 2003; Strauss & Corbin, 1990), the aim was to
ensure that it was the data provided by parents that guided the coding
process, and that said process included a varied range of voices and
experiences, although comparisons with the theoretical debate were made
throughout (Demerath, 2006). 
Three elements were taken into consideration in the qualitative

process. Firstly, a textual analysis was conducted of the content. To this
end, simple categories were defined, whose names reflected as literally
as possible the expressions used by parents. During this stage no
inferences were made and no ideas were excluded. This line by line
textual analysis is particularly appropriate for coding responses to
questionnaires containing open-ended questions (Ryan & Bernard, 2000),
and involves assigning each sentence a code capable of reflecting its
meaning, paraphrasing that stated by participants. 

Next, a list of codes was drawn up and the codes sorted into thematic
groups, with the aim of defining broader categories or dimensions of
what parents consider important for their children’s autonomy (for
example, being responsible). Finally, families of documents were
established to compare conceptions in accordance with the research
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variables (children’s educational stage and parents’ sex and educational
level). The full potential of the ATLAS-ti software was used throughout
this whole process.
During the second phase of the study, percentages were established

for every dimension extracted and the chi-squared values were calculated
in order to analyze possible statistically significant differences between
them, with the exception of those cases in which the requirements for
comparison were not met.

Results

Dimensions of autonomy 

FIGURE I. Dimensions in parents’ conception of autonomy

Responsibility emerged as a key element of autonomy in comparison
with the cognitive-behavioral, social-relational and emotional dimensions.
The family environment was also highlighted as important. Looking

after one’s things was found to include chores in the bedroom (making
one’s bed, tidying up and cleaning), tasks related to caring for one’s
clothes (finding them in the wardrobe, taking them out, hanging them
up, putting them in the washing basket and organizing them, etc.) and
sorting out one’s school bag (getting it ready for school, remembering
what sports clothes are needed for that day, preparing a backpack for
trips and then emptying it, etc.). In some cases other tasks were
mentioned also, such as «using a key to get into the house» (P143:11) and
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«feeding pets» (P161:16). Parents also stressed responsibilities that foster
domestic harmony, underscoring the importance of giving children
«small», «easy» or «very basic» tasks that can be grouped into four areas: 

n responsibilities linked to kitchen tasks, such as «laying and clearing
the table or helping to cook certain foods» (P162:11), «knowing how
to use a microwave» (P112:25) and «putting their dirty dishes in the
dishwasher» (P30:11).

n learning how to run small errands near the house, «shopping for
basic groceries» (P137:10), or doing specific tasks like going to buy
bread or the daily newspaper. 

n tidying and cleaning («leaving the bathroom tidy after using it,
putting things away and doing cleaning chores like sweeping or
vacuuming» -PS62:9-, «cleaning up any mess they make and putting
the things they use away» -P58:3-).

n using water and electricity responsibility and separating rubbish for
recycling; something which in one case was linked to «being aware
of what they consume» (P184:9). 

Personal self-care responsibilities were grouped into three main
categories: personal cleanliness («making sure they wash themselves» -
P86:8-, -PS127:1- «assuming responsibility for their personal hygiene»
-P171:5-), with specific actions such as «having a shower», «brushing their
teeth», «brushing/combing their hair» and «changing their clothes» (P66:5).
Parents also mentioned caring for one’s clothes: “assuming responsibility
for their clothes” (P203:6), “getting their clothes ready for the next day”
(P49:7), “knowing how to dress appropriately in accordance with the
weather and what activities they will be doing” (P162:8). Finally, food and
cooking were also mentioned fairly frequently, with references mainly to
preparing breakfast or afternoon snacks, with lunch («knowing how to
cook some simple lunch dishes» -PS 28:7-, «knowing how to heat up their
lunch» -PS24:9-) and dinner being mentioned less often. Occasionally, in
addition to being able to prepare their own food, some parents also
mentioned food quality («eating well» -P144:16-) and self-control, i.e.
complying with the tenets of a healthy diet («accepting recommendations
regarding diet and sticking to them as much as possible» -P90:13-).
Responsibility in relation to school work was mentioned in generic

terms («doing homework responsibly», -P21:4-), with certain independent
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attitudes being underscored («being aware of what they have to study» -
P20:1-, developing «good work and study habits» -P127:3-), although this
does not exclude the need for «minimum supervision» (P136:4). Other
traits of autonomy were organizing their homework («doing homework
in accordance with a -study schedule-» -P35:2-, «doing their homework
immediately when they arrive home» -P39:4-) and, although mentioned
only a few times, looking after school material («looking after their
schoolbooks and other school objects» -PS 61:3-).
Management of time and money was another key aspect in parents’

conception of autonomy. The most commonly mentioned attribute was
being able to organize and plan one’s time: «assuming responsibility for
their activities, timetables, etc.» (P27:6-), “waking up and getting up by
themselves” (P176:14), “organizing their free time and study time”
(P141:2), “assuming responsibility for their timetables: bus, sport, music,
etc.” (PS 81:3), “getting what they need ready in accordance with the
activities of the next few days” (P3:5). Some parents valued punctuality
(“getting home at the time they were told to” -P3:4-), while others stated
that it was they themselves (as parents) who should establish their
children’s timetables and their children’s responsibility was to be aware
of, accept and abide by them, as a key element in the smooth running of
family life. Finally, some parents referred to showing initiative and the
ability to enjoy themselves when organizing their free time (“knowing
how to play or entertain themselves in their free time” -P90:5-), even
without electronic devices or screens (“knowing how to entertain
themselves, without screens, even if it is only sometimes” -P156:7-).
Management of money was mentioned much less often. When it was,
however, attention focused on managing income, which consisted not
only of money («managing their pocket money», -PS 144:9-) but of other
resources also such as buss passes or mobile phone balances. In some
isolated cases parents mentioned controlling their spending, as a means
of administrating their affairs, through ensuring correct use of their
telephones or «saving up» their money (P49:5).
Making decisions involves «knowing what they want at any given

moment» (P87:4) and «making their own choices, individually, without
any help from anyone, in response to the different situations they face»
(P157:3). Comments regarding decision-making focused on both material
elements, such as choosing clothes or food, and on aspects such as
studying, extracurricular activities and friends. The conditions highlighted
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by parents were that they should be «small decisions» (P23:8), appropriate
to the child’s age (“knowing how to or trying to make decisions alone, in
accordance with their age” -P107:5-); and they should also be gradual
(«capacity to decide more» -P40:3-). As regards the quality of the decisions
made, some parents alluded to reflexive decisions («knowing how to
make considered decisions» -P122:2-). Showing initiative was hardly
mentioned at all, or was only referred to in generic terms. Occasionally a
specific field was mentioned («showing initiative in relation to leisure
activities» -P166:7-) or the importance of this trait in the development
process was highlighted («greater initiative to follow their chosen path» -
P125:5-). 
Independence was described as doing things in accordance with one’s

own criteria («coping on their own, with age-appropriate behavior» -P44:1-
, «having their own identity and criteria» -P79:3-, «acting in accordance
with their beliefs instead of being slaves to outside criticism» -P8:3-).
Gaining a degree of independent action implies «not asking for so much
help that they are then unable to cope with their problems on their own
(P165:5) and is reflected in day-to-day life («being able to cope with basic
everyday things» -P142:5-). It is also a gradual process («gradually
distancing themselves from their family - parents - as regards
space/time/activities» -P199:9-). Knowing how to be without their parents
is another form of coping by themselves («being at home alone for a few
hours» -P23:10-). 
Planning was another capacity mentioned, with parents stressing

children’s cognitive ability to «analyze what they have to do». Some gave
more specific details in relation to this: «learning how to plan by using a
diary» (P219:6) and «distinguishing between what they want to do and
what they can do» (P94:4). Some also highlighted quality and
improvement, mentioning the importance of knowing how to «value
results» (P219:8) or organize oneself in order to ensure a job well done.
Finally, parents referenced relational and social aspects, such as

interpersonal respect and one’s relationship with one’s friends.
Communication was mainly mentioned by mothers and parents with a
high educational level. Other relevant aspects, such as help-cooperation
and caring for people, were hardly mentioned at all. The few references
made to emotional autonomy focused on self-esteem and emotional
expression, although it should be stressed that these references had only
a very marginal presence in the different dimensions of autonomy
analyzed.
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Parenting strategies for fostering autonomy

Giving children opportunities to perform everyday tasks was the most
frequently mentioned strategy for fostering autonomy, followed by
teaching-explaining strategies. The other strategies were mentioned less
often and were grouped into eight categories.

FIGURE II. strategies for fostering autonomy

In the vast majority of cases, parents underscored the importance of
giving children tasks and jobs, referring in generic terms to «assigning
them specific chores» (S114:1) and «giving them specific responsibilities»
(P117:12) «in keeping with their abilities» (S 97:1) and «appropriate to
their age» (P90:23). The school context (both elementary and secondary)
was mentioned as a source of assigned jobs and tasks, while other
frameworks of responsibility related to domestic chores were mentioned
only a few times and only in relation to elementary students. The social
scenario («foster participation in local cultural groups» -P42: 27-) was only
mentioned by one parent. A few respondents highlighted the fact that
children learn autonomy by «not having everything done for them» (P
114:10), by parents letting them «do that which they are capable of»
(S37:3), «allowing them to make mistakes» (P173.22) and avoiding
overprotective attitudes («not protecting them so much at home» -P31:15-
and «not being on top of them all the time» -P57:13-). Along similar lines,
some responses stressed the importance of leaving them to work by
themselves as a means of «fostering personal work» (S 20:1) and «avoiding
helping them too much with their work» (S108:2).
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After giving them opportunities to perform chores, teaching or
explaining was the second most frequently mentioned parenting strategy.
Communication was an important component here, with parents
highlighting the need to «talk to them» (P104:16), «talk to them about how
they should behave» (P47:10), «respect their opinions” (P3:21), «provide
opportunities for them to express concerns and discuss problems»
(P16.13) and «teach them what they need to know to take care of
themselves» (P135:11). Values also constituted a basic element here, with
parents referencing the importance of «teaching them right from wrong»
(S2: 6), «teaching them respect» (P138: 8) for both themselves and others
and «treating them the same, whether they be boys or girls» (S127:1). 
In relation to fostering the ability to think for themselves, a number of

different parenting strategies were mentioned. Parents consider their role
to be to help their children think before they act or plan their actions,
fostering their ability to «regulate their activities, obligations and work»
(P23:16), «encouraging them to show initiative» (P163:16) and letting them
choose (clothes, friends, etc.). The aim is to «foster opportunities for them
to learn to make important decisions during their work, so that they learn
to value the results obtained in accordance with what they decided» (S
55:2) and to «set them new tasks and allow them to make mistakes»
(S31:1). Some parents underscored the importance of helping them learn
how to resolve conflicts and «not always providing solutions to their
problems immediately; letting them think about it for a while» (P112:36). 
The use of positive methods was also mentioned through a number

of different strategies. Most parents referred to the strategy of rewarding,
praising and extolling, a strategy known in the literature as positive
reinforcement. In this sense, parents highlighted the importance of
rewarding children when they do something well, or in other words:
«congratulating them on a job well done» (P173:21) and «assessing
successes positively» (S22:1). A smaller number of parents mentioned
techniques that can be defined as stimulation strategies. The mentions
made of these strategies focused specifically on the importance of taking
small steps and of «staggering tasks and helping children climb the ladder
one small rung at a time, praising their achievements» (P86:12). In relation
to stimulation strategies, there was an isolated mentioned of the fact that
«effort is necessary» (S34), valuing the need to «encourage children when
they make an effort» (S54:3) and underscoring the fact that mistakes are
not important because you can learn from them. 
Parents considered creating a positive family climate to be important

to autonomy. This requires offering children an «agreeable milieu» (P7:9)
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with «appropriate space and environment» (P120:16) from the physical
perspective, but it also entails «conveying a sense of security» (P13:5) and
generating good relationships, expressing affection, being patient and
being flexible in relation to time and freedom, not always saying no to
everything. Many comments focused on the need to show trust and
confidence in children in order to help them become more autonomous
and improve their self-esteem.
Helping, advising and providing guidelines were three of the strategies

mentioned by parents, and are considered by the literature to be support
strategies. Help is materialized through «parents always being close by,
but being very aware that it is the children themselves who have to take
the necessary steps» (P2:14); parents should provide support when
necessary, especially «when children are having difficulty» (P7:11).
«Advising them in their everyday lives» (P 122:9), «offering resources so
they can learn how to behave in different situations» (P145:13) and
«creating situations and then watching how they cope, then later on
providing feedback about what they did right and what they did wrong»
(P 48: 13) all illustrate the role of guidance within the parenting strategies
mentioned by parents. Finally, parents highlighted the importance of
«providing guidelines» (P130:7), «acting as guides» (S 40:1) and «providing
children with instruments to enable them to learn from a good role
model» (P 152:15).
In relation to monitoring and control, a number of different strategies

were mentioned. The most common were supervision of tasks, which
involves «letting them do things, but with a certain degree of supervision»
(P87:8), «imagining and creating situations in which children have to react,
and then assessing their reaction» (S53: ), «monitoring them at first»
(P176:17) and «checking they have done what they are supposed to do»
(S5:2). Three aspects should be highlighted in relation to establishing
rules as a strategy for fostering autonomy. Firstly, parents mentioned that
it is necessary to set clear limits and make sure children are aware of
them. Secondly, sometimes, rules are used as a means of regulating
behavior: «not letting them watch television until they’ve finished their
homework/chores» (P39:20). And thirdly, a few parents mentioned the
need to enforce rules, stressing the importance of ensuring that «failure
to abide by rules or do their chores has consequences» (S109:1), with
some isolated references being made to «ensuring discipline at all times»
(P112: 35) or «telling them off when they deserve it and punishing them»
(S 54: 2).
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Some strategies, such as fostering spontaneous and creative activities
and encouraging collaborative work with peers were mentioned only
occasionally in parents’ comments, 

Quantitative analysis of the dimensions of autonomy

TABLE I. Percentages of the dimensions of how autonomy is perceived
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Based on the chi squared values calculated, statistically significant
differences were found between the perceptions of parents of elementary
and secondary school students in the following dimensions: looking after
one’s things (c2 = 5.82, p <,01), domestic chores (c2 = 4.50, p <,05), self-
care (c2 = 8.31, p <,01), school (c2 = 5.02, p <,05), getting around
independently (c2 = 6.0, p <,01), independent action (c2 = 4.74, p <,05),
planning (c2 = 17.22, p <,001), conflict resolution (c2 = 5.16, p <,05), help-
cooperation (c2 = 5.66, p <,05) and communication (c2 = 7.42, p <,01).
As regards parents’ educational level, significant differences were found
for general responsibility (c2 = 8.44, p <,05), looking after one’s things
(c2 = 86.48, p <,001), domestic chores (c2 = 25.59, p <,001), school (c2 =
6.79, p <,05), self-care (c2 = 69.99, p <,001), getting around independently
(c2 = 23.46, p <,001), independent action (c2 = 10.31, p <,01),
management (c2 = 16.15, p <,001) and communication (c2 = 7.34, p <,05).
Finally, as regards parents’ sex, significant differences were found in all
aspects of responsibility: general responsibility (c2 = 4.44, p <,05), looking
after one’s things (c2 = 8,17, p <,01), domestic chores (c2 = 10.32, p <,01),
school (c2 = 8.86, p <,01) and self-care (c2 = 12.79, p <,001). Significant
sex differences were found also in management (c2 = 9.97, p <,01) and
communication (c2 = 9.05, p <,01).

TABLE II. Percentages of the dimensions of parenting strategies.
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As regards strategies used to foster autonomy, significant differences
were found in accordance with children’s educational stage in teaching-
explaining (c2 = 15.81, p <,001), monitoring-control (c2 = 5.26), p <,05)
and fostering the ability to think for oneself (c2 = 8.25, p <,01). The
difference between mothers and fathers in giving opportunities to
perform chores (c2 = 6.96, p <,01) was significant, while it was marginally
significant in relation to using positive methods (c2 = 2.89, p <1).
Differences between those with different educational levels were only
significant in relation to fostering the ability to think for oneself (c2 =
12.96, p <,001). 

Discussion and conclusions

Participants in the study reported a conception of autonomy strongly
focused on responsibility, with many comments centering on self-care
habits and looking after one’s things. Children’s age seems to be a
modulating element in relation to what is expected of them in order to
be considered responsible. Thus, self-care in relation to hygiene, health,
eating habits and clothes seems to be of greater concern among parents
of elementary school children, a finding which is logical to a large extent,
given that it is during this stage that these habits are consolidated.
However, what is striking is that found in relation to what some authors
consider to be key responsibilities for the development of autonomy
(Keller, 2012), both at home and at school. The results of our study
suggest that secondary school children are expected to help out less at
home, while expectations regarding responsibility in relation to
schoolwork increase during this stage. It should not be forgotten that
educational level is associated with the type of responsibilities considered
to be most important. Thus, in our study, almost all parents with a high
educational level refer to looking after one’s things, self-care, household
chores and, albeit less frequently, responsibility in relation to schoolwork,
while those with medium or basic educational levels mention these
factors significantly less often. Mothers tended to underscore more the
importance of fulfilling everyday obligations in all areas.
Greater importance was attached by parents of secondary school

children to the capacity for independent action, along with other aspects
of cognitive autonomy, such as the capacity to plan (particularly in
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relation to school activities), while being able to get around
independently was mentioned less often. In this sense, our results
coincide with those of other studies on expectations of greater self-
governance during adolescence (Daddis, 2011; Collins & Laursen, 2004).
In relation to parents’ sex, mothers mentioned the ability to organize one’s
time and money significantly more often as a key element of autonomy.
Also, aspects such as showing initiative and decision-making (Ryan &
Deci, 2006; Swaine, 2012) were mentioned less often in comparison with
everyday obligations, although they were referred to more frequently by
parents of secondary school children, especially those with a high
educational level. 
Aspects related to what is known as social and relational autonomy,

which has been the object of much attention over recent decades,
appeared less frequently, a finding which is consistent with that suggested
by some cross-cultural studies regarding the little value attached to this
dimension in urban cultures (Chen et ál., 2013; Kagitçibasi, 2007). This
trend, which is evident among parents of elementary school children, is
even more striking among parents of secondary school students,
particularly in the communication, help-cooperation and conflict
resolution dimensions. Care for others was also mentioned very little by
parents of both elementary and secondary school children. In relation to
sex, no results were found in this study to indicate that concern over
social-relational dimensions is more characteristic among women. Indeed,
the only significant differences observed between mothers and fathers
were found in communication, and in any case seem to be more related
to having a high educational level than to sex. 
Finally, three other findings are worth highlighting. Firstly, some key

dimensions were mentioned only rarely. For example, the emotional
dimension of autonomy was mentioned only occasionally by parents of
elementary school children and hardly at all by parents of secondary
school children, with the exception of self-esteem, which was mentioned
more often by parents of children in this higher educational stage. Given
that expectations of autonomy increase as children grow older,
intensifying the possibility of conflict, it is surprising that the emotional
dimension is not mentioned more often. Secondly, it is paradoxical that
parents living in such an intensely technological society make so few
references to autonomy in the use of technological resources. Finally, the
references made to restricted autonomy («they’re still too young») are also
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worth highlighting. These comments are more frequent among parents
(especially fathers) of elementary school children who have a medium or
high educational level, with no parents with a low educational level
making any comments of this kind. From an educational perspective these
comments are concerning, since they may mask a certain degree of
overprotection which clashes with children’s need to experience and
practice autonomy from a very early age (Hoffmans-Gosset, 2000). 
As regards parenting strategies for fostering autonomy, the most

common references in this sense were to giving children the opportunity
to practice being independent. The importance attached to providing
contexts in which children are able to shoulder responsibilities was
particularly relevant here. Indeed, this strategy was mentioned by half of
all participants (parents of both elementary and secondary school
children), with no predominance of those with a particular educational
level, although more mothers referred to this strategy than fathers. 
Encouraging children to learn to think for themselves, giving them

opportunities to show initiative and make decisions, is a strategy
mentioned by only one quarter of all participants. The content analysis
also revealed that in the majority of cases, parents’ responses focused
more on providing children with opportunities to choose (clothes,
friends) than on decision-making itself, as a means of fostering the ability
to think for oneself. If the differences between parents’ responses are
analyzed in accordance with children’s age, the results reveal that this
strategy is mentioned significantly less often by parents of secondary
school children, despite the fact that one might expect it to be more
prevalent during this developmental stage. Moreover, parents’ educational
level seems to be a key variable here, with this strategy being mentioned
much more often by those with a high educational level. 
While mentioned by parents, certain nuances were detected in relation

to positive autonomy-supportive strategies that clash with that proposed
by educational research. Firstly, it seems that using positive methods is
considered a strategy focusing mainly on the use of rewards. The
qualitative analysis revealed that in the majority of cases, parents refer to
reinforcing and rewarding things that their children do well, i.e.
celebrating their successes, with references to stimulation strategies, with
emphasis on effort and small achievements, being much less frequent.
Secondly, the use of guidelines and feedback was hardly mentioned at
all and although the strategy of offering help was referenced, it was
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mainly linked to the idea of giving advice. Nevertheless, the strategy of
teaching, understood as talking to children and explaining the difference
between right and wrong was mentioned fairly frequently, and
surprisingly, was referenced significantly more often by parents of
secondary school students than by parents of younger children. On the
other hand, references to controversial strategies related to setting limits
and controlling children’s activities were fairly infrequent, and,
consistently with that found in other studies (Grolnick et al., 2000), were
more common among parents of secondary school students.

Limitations and future research 

Although all the mothers and fathers of the students participating in the
autonomy and positive treatment program were asked to collaborate in
the study, only a small number of fathers completed the questionnaire.
This is, without doubt, a limitation, since it prevents us from accessing
the whole range of different perspectives. Mothers’ tendency to engage
and collaborate more is a phenomenon that is observed fairly frequently
in research into families and in the future it is important to try and
approach fathers more directly, through interviews, for example, in order
to corroborate the results of this study, which indicate sex differences in
relation to the conception and fostering of autonomy.
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Abstract
This paper examines resilient students, i.e., students with high academic

achievement in spite of their unfavorable socioeconomic circumstances. To do
this, we focus on schools with students from more disadvantaged backgrounds
of which we select students that are higher academic achievers with the aim of
finding some common traits with respect to student characteristics and skills, as
well as the activities carried out by schools. The aim behind this strategy is to
single out issues that can be influenced by educational policy measures rather
than structural factors for analysis. For this purpose, we use information from
Spanish students participating in PISA 2012. After identifying resilient students
according to a criterion endorsed by previous theoretical literature, we estimate
a multilevel logistic model including several student and school explanatory
variables in order to identify which variables are associated with the likelihood
of students belonging to the group of resilient students. The results show that,
apart from several individual variables, schools with a higher proportion of
resilient students are characterized by having small classes, strict discipline and
low levels of school absenteeism. All these variables are related to teaching
quality. Thus this factor can be considered as a key driver motivating students to
overcome the adversities of an unfavorable socioeconomic background and
develop their potential to the full. 

Keywords: Education, PISA, Determinants of educational performance,
Multilevel analysis, Educational policy.
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Resumen
Este trabajo se centra en el estudio de los alumnos resilientes; es decir,

aquellos que obtienen buenos resultados académicos a pesar de pertenecer a un
entorno socioeconómico desfavorable. Con esa finalidad, nos concentramos en
aquellas escuelas que desarrollan su labor con un alumnado que pertenece a
entornos socioeconómicos más adversos y, dentro de ellas, elegimos a los
alumnos que alcanzan mejores resultados académicos con la idea de encontrar
algunos rasgos comunes entre ellos, tanto en lo que se refiere a sus características
y habilidades personales, como en lo relativo a las actividades desarrolladas por
esas escuelas. Con esta estrategia, se pretende focalizar el análisis sobre aspectos
en los  que sea posible incidir mediante medidas de política educativa en lugar
de otros factores de carácter estructural. Para ello, se utiliza información
procedente de los alumnos españoles participantes en PISA 2012. Tras la
identificación de los alumnos resilientes según un criterio que cuenta con
sustento teórico en la literatura previa, se estima un modelo logístico multinivel
en el que se incluyen como regresores tanto variables individuales como escolares
con el propósito  de determinar qué variables están asociadas con la probabilidad
de pertenecer al grupo de los alumnos resilientes. Los resultados obtenidos
muestran que, además de una serie de variables individuales, los centros donde
se concentra un mayor porcentaje de esta tipología de alumnos se caracterizan,
en general, por impartir docencia en aulas de tamaño más reducido, con notable
disciplina y con bajas tasas de absentismo escolar. Todas estas variables están
relacionadas con la calidad de la docencia, lo que confirma a este factor como
un elemento clave en la motivación de los alumnos para poder superar las
adversidades de un entorno socioeconómico desfavorable y poder sacar el
máximo rendimiento posible a su potencial.

Palabras clave: Educación, PISA, Determinantes del rendimiento educativo,
Análisis multinivel, Política educativa

Introduction

Ever since the first studies were conducted in the field of education
economics, one of the main concerns of researchers has been to
investigate the determinants of academic performance (Coleman et ál.,
1966). In recent years, this question has been addressed from a
comparative perspective as an increasing number of international
databases have become available (Hanushek and Woessman, 2011). A
general conclusion of these studies is that family socioeconomic
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background play an important role in explaining students’ academic
performance (Sirin, 2005).
This factor is usually defined by indicators representing parents’

educational level, employment qualifications and family wealth (Yang and
Gustafsson, 2004). In the specific case of the Programme for International
Student Assessment (PISA), developed by the Organization for Economic
Cooperation and Development (OECD), this factor is approximated by
the so-called index of economic, social and cultural status (ESCS),
composed of the highest educational and occupational level of either
parent and an indicator of cultural possessions at home. This variable is
closely associated with student academic performance. According to the
data reported in the latest wave of the report (OECD, 2013a, p. 34), ESCS
index differences account for about 15% of the variation observed in
mathematics scores across OECD countries.
Student socioeconomic status and educational outcomes are related to

such an extent that it is common to use the relationship of the outcomes
to socioeconomic status as a measure of the degree of equity in education
systems (Rumberger, 2010). In this respect, an education system will be
fairer and will better guarantee equal opportunities if it is effective at
neutralizing the effects of the ESCS index of students on their school
performance (Levin, 2010).
However, we should not assume that students from disadvantaged

socioeconomic environments are inexorably condemned to school failure
because these variables are related. Fortunately, there are a significant
number of students who are able to overcome a disadvantaged
socioeconomic background and perform well. These students, known in
the literature as resilient students (Wang, Haertel and Walberg, 1994), are
the focus of our research. PISA 2012 classifies students as resilient if they
are in the bottom quarter of the ESCS index in the country of assessment
and perform internationally in the top quarter of students after accounting
for socioeconomic status. As shown in Figure I, Asian countries have the
highest percentage of resilient students (between 15% and 20%), and the
value for Spain, with a percentage of 6.5%, is, according to this definition,
very close to the OECD average.
To be precise, our study aims to identify which factors, apart from

their low socioeconomic status, are characteristic of resilient students. To
do this, we focus on schools with students from disadvantaged
socioeconomic environments, of which we select students with better



academic achievement. The idea is to find some common traits, related
to student characteristics and skills, as well as the activities developed at
those schools. This strategy should eliminate the effects related to the
socioeconomic background of both the students themselves and the
school, known in the literature as the peer effect1, which has an even
greater influence on performance than student socioeconomic status per
se (Willms, 2004). Our ultimate aim is to analyze specifically the less
structural factors characterizing resilient students which can be modified
by means of education policy measures with the goal of improving
academic performance.
Almost all of the studies on this type of students so far have focused

on identifying personal characteristics (Krovetz, 2007). Those studies
generally suggest that motivation or self-confidence as the main factors
explaining the phenomenon of resilience (Borman and Overman, 2004).
However, we must not overlook some school factors that may also play a
key role, as highlighted by other papers that push for measures to
encourage regular class attendance and participation (Masten and
Coatsworth, 1998), keep the number of students per classroom (Robinson,
1990) and per school down (Noguera, 2002) or implement innovative
teaching practices to try to engage students from disadvantaged
backgrounds and encourage them to develop their capabilities (Tajalli
and Opheim, 2004).
In the United States, a lot of literature has examined special

educational interventions for students at risk of school failure (Harris,
2007), an issue which has received special attention since the adoption
of the No Child Left Behind (NCLB) Act in 2001. One of the main
purposes of this law was to improve the performance of the most
disadvantaged students. The fields of psychology and sociology have
made lots of progress on the characterization of resilient students (Martin
and Marsh, 2006), whereas contributions in the field of education
economics are few and far between. The studies by Agasisti and
Longobardi (2014a; 2014b) are an exception. Based on the educational
production function, they conduct an econometric analysis to try to
identify some school characteristics linked with there being a greater rate
of resilient students at the schools using PISA 2009 data.
In our research we use a similar method applied to Spain using PISA

2012 data with respect to the competence of mathematics. The 2012 wave
focused on this competence, which accounted for two-thirds of the
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((1) Usually calculated from the average socioeconomic level of the classmates or schoolmates. For a review
of peer effect studies, see van Ewijk and Sleegers (2010).
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assessment tests, and included quite a few questions related to students’
specific attitude towards and engagement in the subject. In anticipation
of the 2015 scenario, when PISA tests will be completely administered
by computer, we used the sample of students who completed the PISA
2012 computer based-assessment (CBA) in our study. Students completing
this test require skills to interact with data presented in numerical, tabular
and graphical format, and may have to use pull-down menus and
databases with associated calculation tools. There is the question then of
whether students who are more familiar with new technologies might
have an edge over the others and achieve better results. This issue may
have a major impact with respect to our study, since students from
disadvantaged socioeconomic backgrounds are less likely to have access
to these technologies.

FIGURE I. Percentage of resilient students in countries participating in PISA 2012

Source: OECD (2013a), table II.2.7ª



The procedure used to select the analysis group is to segment the
available sample and focus on schools with a lower socioeconomic status.
At these schools, we consider only those students whose socioeconomic
status no higher than the bottom rung defined by the segmentation of
the selected schools. Thus, we aim to isolate the socioeconomic
component of the analysis in order to focus on other relevant factors both
at student and school level. Once the sample has been segmented,
students are considered as resilient if the score they achieved for
mathematics is one the best in the score distribution. Next, we estimate
a multilevel logistic model that includes both student and school variables
as explanatory variables in order to determine which variables are
associated with the likelihood of a student belonging to the group of
resilient students.
The remainder of the study is organized as follows. Section 2 provides

a description of the database used and a detailed explanation of the
approach adopted to identify the schools and students under analysis.
Section 3 explains the methodology used in the empirical analysis. The
main results of the estimations are reported and discussed in Section 4.
Finally, the conclusions at the end of the paper give some educational
policy recommendations based on the results.

Database and variables

The source of the database used in our analysis is PISA (Programme for
International Student Assessment), designed and launched by the OECD
in the late nineties as a comparative, international, regular and continuous
study of certain characteristics and competences of 15-year-old pupils
(Turner, 2006). Our research is based on the last wave, PISA 2012, and is
confined to Spain, providing information on a total of 25,313 students
from 902 schools. The PISA 2012 report assesses student performance in
mathematics, reading comprehension, sciences and problem solving,
dealing more thoroughly with the competence of mathematics. On this
ground, we will use the results for this competence as a benchmark for
identifying resilient students.
Of the total sample of Spanish students participating in the PISA 2012

report, only 10,175 students from 368 schools took the computer-based
assessment. It is these students that are the subject of this research. Table
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I shows the distribution of the computer-based assessment sample of
students and schools compared to the total PISA 2012 survey sample by
regions. As Table I shows, there are two regions that are overrepresented
in the selected database, Catalonia and especially the Basque Country,
whose students account for almost half of the sample. This is because
these regions decided to participate with an enlarged representative
sample in the specific computer-based assessment of competences which
would enable them to conduct worldwide comparisons.

TABLE I. Spanish computer-based assessment sample of students in PISA 2012 by regions

aComputer-based assessment.

Although a very wide range of factors may be influencing these results,
the socioeconomic status of families is usually identified as the key factor.
As mentioned in the introduction, this factor is approximated in PISA by
the ESCS index, which takes the value 0 for the average of the OECD
countries. Therefore, negative values denote a below average ESCS and
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positive values an above average ESCS. Figure II shows the relationship
between students’ mathematics scores and socioeconomic status. The
correlation is clearly positive.

FIGURE II. Relationship between the socioeconomic status and mathematics (total sample)

As already mentioned in the introduction, the aim of this research is
to isolate the effect of socioeconomic status in order to study the factors
that characterize students who are higher academic achievers despite
unfavorable circumstances. To do this, the strategy that we applied was
to segment the total sample in such a way as to select the schools with
the lowest average socioeconomic status out of the 368 schools that
participated in the PISA computer-based assessment. This preliminary
selection left us with the bottom third (33rd percentile) of the sample in
terms of the ESCS variable2. Specifically, 125 schools attended by a total
of 3,116 students were available for our analysis. To ensure that our study
only included students in adverse socioeconomic circumstances, we then
selected only students whose individual socioeconomic status did not

(2) Although the PISA definition given in the introduction considers that resilient students are students in the
bottom quartile of the ESCS variable, we have opted for the bottom third in order to reduce the loss of
observations. Agasisti and Lomgobardi (2014a) adopted this same criterion.
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exceed the criterion used to select schools. This reduced the sample to
2,054 observations. Finally, we decided to discard schools that had a small
number of students (fewer than 10). Therefore, the final sample used in
our empirical analysis consists of 1,917 students from 105 schools.
Predictably, the results achieved by the students belonging to this

segmented sample are very poor. Specifically, the average score for
mathematics decreases from 483 points to 453 points. These lower
average values can be largely explained by a number of variables linked
to the selected students’ socioeconomic status. Tables II and III, for
example, show the differences between the total sample (10,175 pupils)
and the segmented sample (1,917 pupils) with respect to their parents’
educational level and the number of books in the family home. The total
sample is characterized by having a middle socioeconomic status, where
the majority of both fathers and mothers are university educated and half
of the households own more than 100 books, whereas the segmented
sample has a very negative average value for the ESCS index (-1.12), the
parents’ average educational level is compulsory secondary education
(only 10% have university degrees) and families own a small number of
books (fewer than 100 in 80% of the cases).

TABLE II. Educational levels of the parents of the students assessed in PISA 2012 for the total

sample and the segmented sample selected in the study
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TABLE III. Distribution of the number of books at home for the total sample and for the segmented

sample selected in the study (percentage)

With a subsample that is much more homogeneous with respect to
the socioeconomic status of the families, the relationship between the
results in mathematics and ESCS becomes much weaker, as shown in
Figure III. As a result, we can focus on the study of other variables related
to the results.

FIGURE III. Relationship between the socioeconomic status and results after segmentation

As mentioned above, our goal is specifically to identify the resilient
students within the sub-sample of the most disadvantaged schools and



students in terms of the ESCS variable, i.e., students who achieve good
scores. To do this, we generate a dummy variable called resilient that will
be the dependent variable of our models. This variable takes the value 1
if the student is in the top quartile of the mathematics score distribution.
To do this, we generated five possible dependent variables, one for each
plausible value for mathematics following the recommendations of PISA
technical reports (OECD, 2009). We find that there are huge differences
in the academic achievement of groups of students with a very similar
average socioeconomic status. This is an inducement to investigate
whether or not other factors related to both individual student
characteristics and school-related issues might explain such discrepancies
in the scores.
Firstly, we selected three control variables that, as far as we can infer

from the previous literature on the determinants of student performance,
should have some influence on the dependent variable. These are gender,
represented by a dummy variable that takes the value 1 if the student is
a girl, first-generation immigrant status and family structure, also
represented by a dummy variable that takes the value 1 if the student is
a member of what is known as a traditional family, i.e., a household
formed by both parents and their children. We have also included the
student-level ESCS variable in order to check whether, after selecting
schools and students with a lower socioeconomic status, it is still a key
factor in explaining student resilience. Apart from these control variables,
we have, in view of the main goal of this study, tested the option of
adding a number of student indicators related to teaching quality at
schools to the model. Finally, we decided to include a composite index
representing the classroom disciplinary climate, built from student
responses about the frequency of disruptions in class. Also, our interest
in testing the influence of computer resources has led us to adopt
household computer ownership as a possible explanatory variable.
The next block is composed of variables which should in principle be

related to mathematics scores. Of these, we selected several dummy
variables such as students’ liking of mathematics, attention paid in class
and hard work by classmates on this subject.
The school variables include several composite indicators, based on

the responses of principals concerning the degree of autonomy with
which the school operates (power to hire and fire teachers, set salaries
and wage rises, or draw up and allocate school budgets) or the quality of
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educational resources (availability of computers for educational purposes,
educational software, calculators, books, audiovisual resources and
laboratory equipment)3. Additional school variables were also considered,
such as the relationship between students and their teachers, the level of
absenteeism at the school based on the principals’ opinion about how
regularly students attend classes or the average class size at the school.
After analyzing the between-school frequency distribution within the
analyzed sample, class size was set to a value of less than 20 students in
order to select schools with a small class size.
Finally, only two specific variables were selected. Firstly, hours of

mathematics instruction, represented by a continuous variable reflecting
the average weekly duration (in minutes) of mathematics classes, was
adopted as an indicator that should be associated with high academic
achievement in this subject. Secondly, the number of computers available
for instruction was selected as a variable that might be related to the
scores achieved in the computer-based assessment.
Table IV shows the main descriptive statistics of all the variables

considered in our analysis, distinguishing between dependent, student
and school variables.
Looking at the values of the descriptive statistics, we find that there

are hardly any differences in the gender composition of the sample. The
percentage of immigrant students in the sample (16.1%) is considerably
greater than the 9.9% recorded in the national sample for PISA 2012
(INEE, 2013), which is a predictable result in view of the relationship
between immigrant condition and low socioeconomic status. Also
noteworthy is the low proportion of students who claim to like
mathematics or whose classmates make an effort and work hard at this
subject and the high level of absenteeism, considering that the variable
refers to schools where students tend not to attend class regularly. As for
the rest of the school variables, perhaps the most striking result is that
23% of schools have classes with a rather small average size (fewer than
20 students).

(3) In order to make the parameters associated with these indices easier to interpret, they have been
transformed into dummy variables that take the value 1 if the schools are at the very top of the distribution
in each case.
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TABLE IV. Descriptive statistics of the variables included in the empirical analysis

Methodology

The model used in the empirical application is a multilevel regression
(Goldstein, 1995), where the students are grouped (nested) at a higher
level represented by the schools. This technique avoids possible biases
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in the estimations derived from the correlation between the values of the
school variables of pupils from the same school (Hox, 2002). Since the
dependent variables are categorical, these regressions adopt a binomial
logistic model structure.
This approach has been used before in different studies using the PISA

database to analyze the main factors related to the probability of
occurrence of a particular event, such as school failure (Calero, Choi and
Waisgrais, 2010) or grade retention (Goos et al., 2012; Carabaña, 2013;
Cordero, Manchón and Simancas, 2014).
In this model, the dependent variable represents the group of students

with higher scores in PISA (first quartile within the selected subsample),
where the variable to be estimated is the probability of student i from
school j being a member of the respective group: P(Y ij =1½b) =P ij. This
probability can be modeled using the following logistic function
(Equation 1):

In Equation 1, the probability of the student meeting the established
requirement depends on a vector of independent variables at student level
(Xij) and a vector of school variables (Zj), but also takes into account the
deviation of the school j (uj) with respect to the average scores for all the
schools (ã0) and the deviation of student i with respect to the average
scores achieved by students attending the same school j.
The values of the coefficients estimated in the model cannot be

interpreted directly as in a linear regression, and we have to estimate the
odds ratios of each independent variable. These statistics measure the
relationship between the probability of an event occurring or not
occurring when the value of the variable considered increases by one
unit, while the others are constant. Therefore, the odds ratios associated
with an explanatory variable will be greater than one if that variable
increases the probability of a student being a member of the group of
higher academic performers, and less than one if that variable decreases
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the probability of occurrence of that event, where the odds are associated
with positive coefficients in the first case and with negative coefficients
in the second case.
An additive approach is the most commonly used strategy for

calculating the results in this type of study, where the different blocks of
explanatory variables are added one by one to a baseline specification
(Dronkers and Robert, 2008), adding, first, the variables related to student
level and, then, the variables corresponding to the school level.

Analysis and discussion of results

In this section, we present the results of applying the multilevel logistic
regression model to the sample of selected students according to the
above criteria. For the purposes of this estimation, the problem of non-
response for some of the variables (missing data) has been addressed
using the method of imputation by regression recommended by the
OECD (2008). The estimations were performed using HLM 6 software
(Raudenbush, Bryk, Cheong and Congdon, 2004), by means of which it
is possible to incorporate the sample weightings in the estimations to
ensure that sampled students adequately represent the analyzed total
population (Rutkowski, González, Joncas and von Davier, 2010)4. Thus,
the results of the analysis refer to the entire Spanish population, even
though there are some regions (Basque Country and Catalonia) that are
overrepresented in the sample because they entered an enlarged sample.
The dependent variable takes the value 1 if the student is considered

as a resilient student with respect to the mathematics competence and
the model has been estimated sequentially as described in the previous
section5. Firstly, only student-level variables were added to the analysis,
distinguishing between general and specific variables. The results of these
estimations are shown in Table V.

(5) Following the recommendations in the PISA technical report (see OECD, 2009), each plausible value is
estimated separately. The results tables show the average statistics for each value.
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TABLE V. Results of the estimation with variables at student level

*** the variable is significant at 99%; ** 95%; * 90%.

As expected, the three control variables added to the analysis have a
significant influence on the dependent variable. Both female gender and
immigrant status are negatively linked to the probability of the student
belonging to the group of resilient students, whereas membership of a
traditional family has the opposite effect. These results are consistent with
the previous literature, since there are many studies that have identified
these factors as good predictors of results. However, we should stress that
our dependent variable is measuring the possibility of students from
disadvantaged socioeconomic backgrounds being ranked among the best
rather than the influence of such variables on scores.
One result to which we would like to draw attention is that, even after

the school and student selection process, the value of the odds ratio for
socioeconomic status is very high and clearly significant. Therefore,
ranking at the top of the bottom socioeconomic status is a factor clearly
associated with resilience. This result is surely due to the fact that the
sample is still very heterogeneous, as denoted by the values of the
standard deviation shown in Table IV. The classroom disciplinary climate



is also positively and significantly associated with the likelihood of
achieving better scores, although its relative importance is much lower.
This finding is consistent with the results reported by Padron, Waxman
and Huang (1999), who concluded that resilient students in primary
education are more sensitive to the learning climate and spend more time
working with teachers on aspects related to education than other
students. Finally, we found that there is no significant relationship
between having a computer at home and student resilience, which is
consistent with the results reported by Marcenaro (2014) and Mediavilla
and Escardíbul (2015) using the total sample of students in the PISA 2012
computer-based assessment.
After exploring the associations between different selected student

indicators and the dependent variable, we added the school-related
variables in the next step of the empirical analysis. The results of this new
estimation are reported in Table VI.
Generally, most of the parameters associated with the student variables

are unchanged when the school variables are added. Therefore, the
discussion of the results of this new model will focus on the school-
related variables.
The two factors showing a higher level of correlation with the

dependent variable are the relationship between students and their
teacher and membership of a small class, which carry a significantly
greater weight than the other variables. Although the analysis cannot
establish causal relationships between these variables and academic
achievement, this result is consistent with evidence found in previous
studies. On the one hand, most previous studies about the relationship
between teaching staff and students consistently point out that it is a key
factor in achieving greater engagement and commitment, particularly with
respect to students from disadvantaged socioeconomic backgrounds
(Roorda, Koomen, Spilt and Oort, 2011). There is also a lot of literature
examining class size6 that suggests that class size has a bigger influence
in schools attended by students from more disadvantaged socioeconomic
backgrounds (Heinesen, 2010). In these cases, attention is more
personalized in classes with a smaller number of students, and this may,
to some extent, compensate for the fact that their parents cannot give
them as much help at home as students in more favorable circumstances
receive (Fredriksson, Öckert and Oosterbeek, 2014).
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61) See Chingos (2013).



Cordero Ferrera, J. M. SUCCESS FACtORS FOR EDUCAtIOnAl AttAInMEnt In UnFAvORAblE SOCIOECOnOMIC COnDItIOnS

Revista de Educación, 370. October-December 2015, pp. 163-187

Received: 24-09-2014    Accepted: 27-07-2015
180

TABLE VI. Results of the estimations with variables at student and school level

*** the variable is significant at 99%; ** 95%; * 90%.

School absenteeism is another factor that has a significant influence,
although the direction of the effect is, of course, opposite in this case.
This finding is consistent with the empirical evidence existing worldwide
(OECD, 2013b). This phenomenon has led to the proposal of a number
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of strategies to encourage class attendance, but it has had relatively little
success to date (Reid, 2013).
We found that the number of computers available for instruction is a

factor that has no significant effect. This is consistent with the findings of
other previous studies (Calero and Escardíbul, 2007) using information
on Spanish students in previous waves of PISA without computer-based
assessment. Using computer-based assessment data, however, Mediavilla
and Escardíbul (2015) detected that this variable had a significant
relationship, whereas other studies found that the relationship between
this variable and student achievement was significant and negative
(Jimenez and Villaplana, 2014). Therefore, it would be risky to venture
whether or not policies based on indiscriminately increasing computer
provision at schools are a good thing.
The degree of autonomy with which the schools operate appears to

be statistically significant. This is in line with previous results reported in
other studies focusing on only one country (Verschelde, Hindriks,
Raypand and Schoors, 2015) and in international comparisons (Hanushek,
Link and Woessmann, 2013), although the international study only detects
a relationship between school autonomy and school performance in the
most developed countries.
Finally, the hours of mathematics instruction is clearly significant,

although, with values close to 1%, its odds ratio suggests that it does not
have much impact on the results. Here the Spanish results diverge from
the international evidence, where this factor is often associated with
better student academic performance, especially of students from more
developed countries (Lavy, 2010; Riykin and Schiman, 2013).

Conclusions

In this study we have analyzed the determinants of the academic
performance of Spanish students considered as mathematically resilient
in the PISA 2012 computer-based assessment. Resilient students are
students who, despite coming from a socioeconomically adverse
background, perform well academically.
In view of the importance of socioeconomic circumstances in

explaining academic achievement, we have tried to isolate this component
by selecting only schools with a low average socioeconomic status in



order to more clearly highlight the effect of other factors that are normally
concealed by the influence of socioeconomic status.
Despite the fact that students from these schools are, a priori, very

likely to achieve low scores in PISA, we were able to identify some factors
characterizing more successful schools. According to our results, these
schools teach to smaller class sizes (fewer than 20 students), enforce some
level of discipline (good climate) and have low rates of absenteeism. All
these variables appear to be clearly related to teaching quality, which
confirms that this is a key factor in motivating students to effectively
overcome the adversities of a disadvantaged socioeconomic background
and to be able to fully develop their potential (Hanushek, 2011).
These results provide some keys to the design of educational policies

aimed at schools whose students have a relatively low socioeconomic
status. In this respect, they should increase the size of the teaching staff
so that they have attend to fewer students per class or, alternatively,
establish some kind of incentive system (positive or negative) targeting
both school teachers and principals with a view to getting students to
attend class regularly.
As regards student variables, it is noteworthy that, even after selecting

schools and students from a disadvantaged background, socioeconomic
status is still a key factor for explaining academic performance.
Additionally, immigrant status and female gender have a significant and
negative influence on the performance of students from more
disadvantaged backgrounds. As regards gender, it is known from other
studies that this result has to do with the assessed competence
(mathematics). In any case, the above findings should be viewed with
caution because they are the result of an analysis performed on cross-
sectional data which cannot be interpreted in a causal sense. Educational
policies should be evaluated based on causal inference techniques which
can be used to precisely measure the possible impact of the implemented
policies (Angrist and Pischke, 2008). Randomized or controlled trials
would be ideal, although, in view of their high cost, we recommend that
efforts be focused on the development longitudinal databases which
could be used to evaluate the impact of particular educational measures,
such as the modification of class size, over time (Fredriksson Öckert and
Oosterbeek, 2013).
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Abstract
Different studies suggest the need to introduce elementary algebraic reasoning

at an early age, which in current curricular proposals is only taught in Secondary
Education. In this paper, the responses to a questionnaire evaluating prospective
primary school teachers’ didactic-mathematical knowledge regarding elementary
algebraic reasoning are analysed. The aim is to provide a diagnosis of prospective
primary school teachers’ knowledge regarding elementary algebra and its
teaching. The results will be used to develop a training programme for teachers,

(1) The research reported in this article was carried out as part of the following projects: EDU2012-31869 and
EDU2013-41141-P, Ministry of Economy and Competitiveness (MINECO, Spain). It has been also sponsored
by FCT/MEC through national funds (PIDDAC) and co-sponsored by FEDER through COMPETE - Programa
Operacional Fatores de Competitividade within the PEst-C/CED/UI0194/2013 project. 
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which ultimately ensures an effective study process in primary education. The
sample consisted of 597 students from the Universities of Granada, Jaén, Public
University of Navarra, Santiago de Compostela in Spain, and the University of
Aveiro in Portugal. The questionnaire comprises 25 items that assess algebraic
and pedagogical content knowledge in primary education. Taking into account
that in these universities the groups are ad extra homogeneous and ad intro
heterogeneous, entire groups were intentionally selected at each university. The
quantitative analysis of the results enabled the estimation of the instrument
psychometric properties (difficulty and discrimination indexes, reliability and
validity). The comparison of the training programmes in mathematics and the
way in which the subject is taught in the different universities reveals that current
curriculum emphasizes on the psycho-pedagogical area. It also reveals an
unsatisfactory disciplinary training that does not include algebraic reasoning.
Results show significant differences among universities in the participants’ level
of knowledge in the various didactic - mathematical knowledge components. We
conclude that it is necessary to improve the teachers’ education programmes so
they can progressively foster their pupils’ algebraic reasoning. To achieve this
goal these programmes should include specific training activities on elementary
algebraic reasoning. 

Keywords: teacher training, evaluation, algebraic knowledge, didactical
knowledge, comparative study 

Resumen
Diferentes estudios sugieren la necesidad de incorporar desde edades

tempranas el razonamiento algebraico elemental, que en las propuestas
curriculares clásicas se inicia en la Educación Secundaria Obligatoria. En este
trabajo se analizan los resultados de aplicar un cuestionario de evaluación de
conocimientos didáctico - matemáticos sobre razonamiento algebraico elemental
a una muestra de estudiantes del Grado en Maestro en Educación Primaria. El
objetivo es la elaboración de un diagnóstico sobre la competencia algebraica
elemental y su didáctica de los futuros maestros, que permita enmarcar un
programa formativo para estos, que garantice finalmente procesos de estudio
efectivos en la educación primaria. La muestra está compuesta por 597
estudiantes de las Universidades de Granada, Jaén, Pública de Navarra, Santiago
de Compostela en España y de Aveiro en Portugal. En estas universidades, los
grupos se constituyen homogéneos ad extra y heterogéneos ad intro. Se propone
pues la selección intencional de grupos completos en cada universidad. El
cuestionario consta de 25 ítems que evalúan tanto conocimientos algebraicos
como conocimientos sobre la enseñanza y aprendizaje del álgebra en Educación
Primaria. El análisis cuantitativo de los resultados ha permitido explorar las
características psicométricas del instrumento (índices de dificultad,
discriminación, fiabilidad y validez). La comparación de los programas de
formación en matemáticas y su didáctica entre las distintas universidades
participantes revela el énfasis psicopedagógico del Plan de estudios vigente y
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muestra una formación disciplinar deficiente, que, en particular, no incluye el
bloque de razonamiento algebraico. Los resultados muestran un bajo nivel de
conocimientos generalizado en las distintas componentes del conocimiento
didáctico - matemático, con diferencias significativas entre las universidades. Se
concluye que es necesario revisar los programas de formación y planificar el
diseño de acciones formativas específicas sobre los contenidos algebraicos
elementales, a fin de capacitar a los futuros maestros para que puedan promover
en los alumnos de primaria el progresivo desarrollo del pensamiento algebraico.

Palabras clave: formación de maestros, evaluación, conocimiento algebraico,
conocimiento didáctico, estudio comparado.

Introduction

Teacher training in mathematics and didactics is essential for the
improvement of both teaching and learning. Therefore, it is a field of
research and development that has been included in mathematics
education. In Spain, this training occurs in the Faculty of Education and
it is affected by a changing regulatory environment, as well as by the lack
of human, technological and time resources. However, the
implementation of a Teacher’s Degree in Primary Education (TDPE) in
compliance with the framework of the European Higher Education Area
(EHEA) and the development of research in the departments of specific
didactics are opening new possibilities for improvement and development
of teacher training programmes.

This paper presents the results of a research project on “Evaluation
and development of prospective primary school teachers’ didactic-
mathematical knowledge on elementary algebraic reasoning”. The
objective is to contribute with new knowledge, teaching resources and
methodological proposals for the improvement of initial training in
mathematics, and its teaching at the level of Primary Education, taking
into account the Spanish educational context as well as the new curricula.

This paper is closely related to the TEDS-M2 study (Teacher Education
and Development Study in Mathematics) (Tatto et al., 2008; INEE, 2012;

(2) TEDS-M was the first large-scale international comparative study in higher education, focusing on initial
training of primary and early secondary education mathematics teachers. The TEDS-M data were collected
in 2008, so the situation described relates to the curriculum and conditions at that time. Since then Spanish
universities have undergone significant changes in the curriculum for teacher training.
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Sanz & Martín, 2014). Although, it is limited to a specific aspect of the
didactic-mathematical training of prospective teachers, «elementary
algebraic reasoning», using a sample of five institutions specialised in
teacher training: four of them Spanish universities (Granada, Jaén, Public
University of Navarra, Santiago) and a Portuguese university (Aveiro).

Algebraic reasoning, perceived as mathematical modelling tool, is
applicable to different content blocks (arithmetic, geometry,
measurement, data analysis and probability). Additionally, generalisation
and symbolisation processes, as well as the concepts of relation, variable,
equation and function are indispensable tools in mathematics, both at a
professional and at a school level. The Principles and Standards for School
Mathematics of the National Council of Mathematics Teachers (NCTM,
2000) recommend the introduction of algebra in Preschool as one of five
content blocks: Numbers and Operations, Geometry, Measurement, Data
Analysis, and Probability.

The new Spanish curricular guidelines (MECD, 2014) encourage the
development of algebraic thinking in Primary Education; namely with the
intent to “achieve that all students, after completing primary education,
are able to describe and analyse situations of change, find patterns and
mathematical laws in numerical, geometric and functional contexts,
evaluating their usefulness in prediction-making»(p. 19387). Thus,
introduction to algebra is now part of the continuing nuclei, i.e., «the
central aspects of mathematics teaching and learning which presumably
remain unchanged over time» (Wilhelmi, 2014, 33).

Keeping this in mind, if algebra is to be included in mathematics at
school as a new transversal content, teachers should embrace this new
broadened vision and acquire basic skills in elementary algebraic
reasoning. In previous papers, (Godino, Castro, Aké & Wilhelmi, 2012;
Godino, Aké, Gonzato & Wilhelmi, 2014) we have presented preliminary
results regarding this part of the project which focuses on the study of
didactical problems in algebra and its didactics at the level of training in
the TDPE. 

In Godino et al. (2015) we present the design of a questionnaire used
to evaluate relevant aspects of prospective teachers’ didactic-mathematical
knowledge (DMK) regarding Elementary Algebraic Reasoning (EAR). The
use of the DMK-EAR questionnaire with a sample of prospective teachers
provides an insight into the status of their didactic-mathematical
knowledge in elementary algebraic reasoning, as well as criteria for the
development of tailored training programmes.
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This paper describes the mathematical and didactical knowledge of
TDPE students about EAR and its relation with the training programmes
they are attending; i.e. there is an approach to the issue of diagnosing
prospective teachers’ didactic-mathematical knowledge on EAR based on
the existing training programmes.

Therefore, following this general introduction, there is a description
of the theoretical framework supporting the development of the
questionnaire, as well as the variables taken into account. Subsequently,
there is a characterisation of the context and student sample answering
the questionnaire. Then, there is a presentation of the global and partial
results of the quantitative study, indicating some psychometric properties
of the instrument and distinguishing algebraic and didactical knowledge.
Finally, the conclusions and a discussion of the implications of the study
are presented.

Theoretical Framework

This research is based on two theoretical framework components: 1)
Nature of algebraic reasoning in primary education (Carraher &
Schliemann, 2007; Cai & Knuth, 2011); and 2) didactic-mathematical
knowledge of the Maths Teacher (Godino, 2009). These components
support the evaluation instrument used in this research.

Godino, Ake, Gonzato & Wilhelmi (2014) present a model of EAR
structured into four algebraisation levels. This model takes into account
the objects and processes involved in mathematical activity. At level 0
there are no algebraic traits in mathematical activity, whereas level 3 is
clearly algebraic. The intermediate levels 1 and 2, considered as
progressive algebraisation levels, showcase some objects and processes
which are algebraic in nature.

Regarding the modelling tool adopted for the teacher’s didactic-
mathematical knowledge3, two types of variable were taken into account:
algebraic content and didactical content. In terms of the algebraic content
three values or categories with different subcategories were taken into
consideration:

(2) TEDS-M was the first large-scale international comparative study in higher education, focusing on initial
training of primary and early secondary education mathematics teachers. The TEDS-M data were collected
in 2008, so the situation described relates to the curriculum and conditions at that time. Since then Spanish
universities have undergone significant changes in the curriculum for teacher training.
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n Structures (equivalence relation; properties of operations,
equations,...)

n Functions (arithmetic patterns, geometric patterns; linear, affine,
quadratic functions,...)

n Modelling tool (context problems solved via equations or function
relationships)

Regarding the variable didactical content (based on an algebraic
content, associated with primary school level or higher) the following
categories were considered:

n Epistemic: recognition of objects and algebraic processes
(representations, concepts, procedures, properties, generalisation,
modelling); recognition of algebraisation levels.

n Cognitive: personal meanings inferred by the students (knowledge,
understanding and competence in elementary algebraic contents);
learning conflicts at the level of algebraic objects and processes.

n Instructional: Resources for teaching algebra in primary school
(situation-problem, technical resources), as well as its adaptation to
the school curriculum.

Method

Instrument

The instrument used for data collection was the DMK-EAR questionnaire
(see Appendix) composed of a set of 10 tasks, each of which consists of
items that evaluate different aspects of algebraic and didactic–algebraic
content. The description of the questionnaire development process and
the discussion of its validity and reliability are available in Godino et al.
(2015).

Table I shows a classification of the different items of the questionnaire
according to the categories of didactic-mathematical knowledge on EAR.
This instrument will not evaluate all categories of didactic-mathematical
knowledge proposed by the DMK-EAR model, as it is designed to obtain
the information provided by the students in writing within a limited
period of time (2h approximately). 
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One should take into account that the DMK-EAR categories are not
disjoint or exclusive; thus, the same item may appear in more than one
category. For example, item 10a), «Name a variable of the problem that
enables the study of functions», involves the content «functions» but also
«modelling». Additionally, the student is asked to state one problem variant
with a specific didactic purpose, leading prospective teachers to apply
knowledge about an «instructional resource.» Moreover, the item also
involves specialised knowledge of the mathematical content itself, i.e. the
epistemic facet in its situational and regulatory components (concept of
function and its representations). For this reason, in table I, some items
are included in more than one cell.

TABLE I.  Contents evaluated by each item of the questionnaire

source: Godino et al. (2015)

Dependent variables

The first objective is to define the quantitative variable «degree of accuracy
of the answers given to the 25 items of the questionnaire». Partially correct
answers were assessed positively, so the score assigned to each item was:

n 0 points, if the answer is incorrect.
n 1 point, if it is partially correct,
n 2 points, if it is correct. 
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In addition to the variable «total score», i.e. sum of scores obtained in
all 25 items (0-50 points), quantitative variables are defined regarding
«common and advanced mathematical knowledge» and «didactical
content», representing the sum by rows or columns of the variables
provided in Table I.

a) Concerning common and advanced mathematical knowledge

A1_ALG: Assess knowledge of «algebra» characteristic in Primary
school (common knowledge) or Secondary school (advanced knowledge).
This scale includes items 3a, 4a, 5a, 6a, 7a, 8a, 9a, and10b.

A2_EST: Evaluates knowledge related to properties of the algebraic
structures used in equation solving. It includes items 1a, 1b, 2a, 2b, 3a,
3b, 4a, 4b, 4c, 7a, 7b, 7c, and 8b.

A3_FUN: Includes knowledge related to geometric patterns and
functions. It includes items 5a, 5b, 5c, 6a, 6c, 8a, 8b, 9a, 10a, and 10b.

A4_MOD: Evaluates knowledge related to algebraic modelling (using
equations or functions). It includes item, 8b, 9a, 9b, 9c, and 10a.

b) Concerning didactical content 

CD1_EPI: Incorporate knowledge on the epistemic facet of the DMK
– EAR and includes items 2b, 4b, 5c, 6b, 7b, 7c, 9b, and 10b.

CD2_COG: Contain knowledge on the cognitive facet and includes
items 1a, 1b, 2a, 3b, 4c, and 6c.

CD3_INS: Assess knowledge on the instructional facet and includes
items 5b, 8b, 9c, and10a.

The different dependent variables comprise a number of different
items scoring 0, 1 or 2, so its variation range is distinct. To ease the
comparison and interpretation of the scores they were convert to the
interval [0, 10].

To ensure reliability of the student response coding process, a criteria
protocol was developed with illustrative examples of the type of response.
Additionally, ambiguous interpretation was discussed within the research
group.
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Explanatory variables 

To interpret the results of the evaluation of student knowledge, the
following explanatory variables were taken into account:

Admission rate to the Teacher’s Degree in Elementary Education (ratio
between the number of places available and the number of applications
for admission)

Cut-off score in the admission exam. 
Period of time at which the test was done: 1. it was applied at the

beginning of the training process; 2. it was applied at the end of the
training process.

Context and sample description 

The target population of this research are Spanish students of the
Teacher’s Degree in Primary Education (TDPE) (MECD, 2007). The
questionnaire has been used with several groups of students from the
Universities of Granada, Jaén, Public University of Navarra, Santiago de
Compostela, attending the TDPE under the new curriculum. The
questionnaire has also been used with a sample of students from the
University of Aveiro, which allows for a comparative study. Both Spanish
and Portuguese curricula have been reviewed within the framework of
the European Higher Education Area (EHEA).

The number of credits assigned to Mathematics Education in the
Spanish curriculum guidelines is 18 (Plan 2010) for the Universities of
Jaén, Public of Navarra and Santiago; in Granada the number is 22.
Although the teaching course has gone from 3 to 4 years and that,
therefore, the total number of credits has increased from 180 to 240, these
studies continue to have a strong psychological and pedagogical
component. The percentage of credits allocated to training in mathematics
and its didactics is 7.5%, which is similar to the 1991-2010 Plan (6.7%
according to the study Rico, Gomez & Cañadas, 2014).

In this study, it was not possible to include a detailed analysis of the
contents of mathematics and its didactics offered in the five universities,
as was done by Rico et al. (2014). However, we found that algebra does
not appear explicitly in the syllabus of the corresponding subjects.
Emphasis is on the study of numbers, measurement, geometry and data
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analysis. On the other hand, at the University of Aveiro the course, which
is divided into 3 years, includes several subjects that seek to intensify the
mathematical training of prospective teachers. However, algebraic
knowledge is, only briefly discussed in the subject Didactics of
Mathematics and Educational Technology.

In the Universities of Granada and Aveiro, the questionnaire was given
to last-year students. In the remaining universities the questionnaire was
given to students in the beginning of the degree. Nevertheless, given that
throughout the remainder of these courses there is no explicit training in
EAR, results show the students’ professional knowledge about EAR, i.e.
that which they will be using throughout their career.

The questionnaire was used with entire classes not only to gather
information enabling the evaluation of student knowledge, but also to
use the task solving activity as a device for further training. The present
study refers only to the evaluation results.

Table II shows the sample size in each university and the values of
three possible variables explaining the different scores obtained in each
university.

TABLE II. sample distribution according to university and explanatory variables

source: Authors. The data relating to the cut-off and access quota were taken from the following sites: 

Aveiro (Direcção Geral de Ensino superior, DGEs): http://www.acessoensinosuperior.pt/detcursopi.asp?codc=9853&code=0300 

Granada – Jaén (Junta de Andalucía): http://www.juntadeandalucia.es/economiainnovacionyciencia/sguit 

U. public of Navarra (Universidad pública de Navarra): http://www.unavarra.es/estudios/acceso-y-matricula/grados/notas-de-corte 

santiago (Comisión Interuniversitaria de Galicia): http://ciug.cesga.es/notascorte.html
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Data analysis

For the analysis of the items, descriptive statistics techniques (mean,
dispersion, and box plots) were used. After checking the accurateness of
the total scores and subscales, parametric inferential tests were computed
to compare groups, including Analysis of Variance. Finally, a factor
analysis was performed to explore the structure of the participants’
responses to the items.

Results of the quantitative study

In this section some psychometric characteristics of the DMK–EAR
questionnaire are discussed. This study, which adds to the study of
Godino et al. (2015), is crucial because the sample size is significantly
larger (597 students) and it allows for a better adjustment of some
indicators. Next, there is an analysis of the results concerning the level of
knowledge on algebra and didactics of algebra, relating such knowledge
to the existing learning opportunities offered by the several universities.

Some psychometric properties of the instrument

Item Analysis

Table III presents the difficulty indices of the items included in the
questionnaire calculated on the entire sample. This index does not
correspond to the percentage of correct responses as scores of 0, 1 and
2 were ascribed based on the degree of correction. The average of scores
for each item was calculated and, to make the analysis simpler, they were
converted to interval [0-100]. As indicated in Table III, the mean score
was 32.5 (standard error 1.43) (on a scale of 0 to 100), indicating that the
level of knowledge is insufficient. In fact, only 5 items have a difficulty
index above 50, whereas the difficulty index of 21 items is below this
level; in addition, 11 items have a difficulty index below 30 (at least 7 out
of 10 answers is incorrect).
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TABLE III. Difficulty index of the items in the DMk–EAR questionnaire (n=597)

source: Authors

In the second column, the discrimination index of the items is
included, namely the difference in means between the low performance
group (percentile 33) and the high performance group (percentile 66)
resulting in the proper discrimination of all items. (p <. 001).

Reliability and validity

The reliability coefficient obtained for the scale (Cronbach’s alpha),
applied to the sample of 597 students was.783 (> 0.7), considered
acceptable (Hair, Anderson, Tatham & Black, 2010; George & Mallery,
2003).
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In order to obtain proof of the construct validity of the instrument, a
factor analysis of main components and varimax rotation (Kaiser, 1958)
were performed, after verification of the adequacy of the data to this type
of analysis. Eight factors were obtained in result. Table 4 shows the
rotated component matrix, in which all factor loadings below.33 were
eliminated to enable a better analysis of the results.

Each factor is linked to the items included in each task, thus
reinforcing the idea that there is a close relationship between
mathematical knowledge and specific didactical knowledge involved in
the corresponding mathematical activity. There is a high correlation
between factor and task in the 8 factors, except 4 and 5.

Factor 4 basically matches task 4 (hexagonal pattern) except for item
2b, which is also included in this factor; item 2b requests identification
of properties involved in the equality used as equivalence. Component 5
assembled items from three tasks: Task 8 (interpretation of algebraic
expressions and problem statement), Task 3 (sum of three consecutive
numbers, types of explanation which may be given by students), item 2a
(explanation of the use of equality as equivalence). A possible explanation
for this grouping is that in the three items (2a, 3 and 8) the student is
expected to analyse a task, support their answer or interpret its meaning,
i.e. meta-mathematical tasks involving not only a high degree of
abstraction but also a wide range of didactical resources for the analysis
of the corresponding mathematical activity.

The remaining factors can be described as follows:

n Factor 1: Didactic–mathematical knowledge related to the
mathematical activity of recognising geometric patterns.

n Factor 2: Didactic–mathematical knowledge related to the modelling
of problems with arithmetic – algebraic structure.

n Factor 3: Didactic–mathematical knowledge related to the
interpretation of linear functions.

n Factor 6: Didactic–mathematical knowledge related to linear
functional modelling.

n Factor 7: Didactic–mathematical knowledge related to the use of
equality as equivalence.

n Factor 8: Didactic–mathematical knowledge related to the
knowledge of arithmetic – algebraic properties of the decimal
system. 
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These results support the idea that learning in didactics of mathematics
should be separated from other mathematical contents through a teaching
in action (Wilhelmi, 2005) that is based on the needs arising from
prospective teachers’ mathematical and didactical progress.

TABLEA IV. Rotated component matrix

Method: Analysis of main components. Rotation method: varimax with kaiser normalisation. source: Authors
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Comparative analysis of students’ knowledge 

Table V presents the means and standard deviations of the variable «Total
Score» and the sample size in the different universities. To facilitate
comparison and interpretation of the total and partial scores, the scale
was changed to the interval [0, 10]. In figure I there is a comparison of
the frequency distributions of the total score obtained in the five
universities using box plots.

TABLE V. Average scores and standard deviations of the total score per university

source: Authors

In all cases, the average score is below 5. However, there are significant
differences in the mean scores obtained in the different universities (F =
37.05, p =.000) namely the Public University of Navarra (Figure I).
Moreover, unlike other universities, in Public of Navarra there is no
register of outliers, therefore, if they were suppressed in the other
universities differences in means would enhance.
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FIGURE 1. Comparison of the total score using box plots

source: Authors

The correlation coefficient between the average scores of the
universities and the cut-off grade to enter the corresponding Faculty is.27,
whereas correlation with the admission rate is -.07. In both cases, the
relationship is not statistically significant at a 95% confidence level.
Additionally, there were no statistically significant differences in average
scores between the group of subjects who answered the questionnaire in
their last year of training (M = 3.20; SD = 1.45; Aveiro and Granada) and
those who answered it in the beginning (M = 3.26, SD = 1.39; Jaén, Public
University of Navarra and Santiago). The result of the t test comparing
independent samples was not significant (t = 0.46; p =.644). A plausible
explanation for this result is that the algebraic contents are not explicitly
studied in any of the universities.
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Analysis of partial variables: algebraic and didactical knowledge 

The analysis of variance used to study the differences in means in the
total score variables and the partial variables between different
universities (all transformed to the interval [0, 10]), suggests that there
are significant differences in all variables, as the p-value is <.001 in all
cases (Table VI).

TABLE VI. Descriptive statistics and comparison of means between universities

source: Authors

Scores below 5 highlight the difficulties faced by students answering
questions of epistemic nature (CD1_EPI), i.e. those that require
specialised knowledge of algebraic content.

Figure II shows the frequency distribution of the total score and the 7
partial variables using box plots. Figure II shows there are outliers for all
variables, except for A1_ALG. If they were suppressed from the
calculations the mean values would be even lower than those presented
in Table IV. This finding supports the thesis indicating deficient didactic-
mathematical knowledge and the need to take concrete measures to
address the existing weaknesses.

Figure III enables the analysis of the differences in student knowledge,
according to constructed partial variables. The same graph presents the
means of scores obtained for the 7 variables according to the five
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universities. There is an existing trend in each university, i.e. if a
university’s score increases when moving from one variable to another
the remaining universities’ scores also increase. Similarly, if a university’s
score decreases when moving from one variable to another the others
also decrease, given that the polygonal line of the line graph for each
university rarely intersects, a fact that confers coherence and rigour to
the study. 

FIGURE II. Comparison of the distribution of the different variables using box plots

source: Authors

When analysed, these variables show a differentiated behaviour at the
Public University of Navarra, which presents higher score in all variables,
in addition to no intersection being registered with the line graph of the
remaining universities. This fact is consistent with the comparison of the
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total score displayed in the box plots, contributing to the internal validity
of the results.

Analysis of algebraic knowledge

The analysis of the level of algebraic knowledge was done according to
the following variables: 

n A1_ALG: Common and advanced knowledge in algebra. 
n A2_EST: Knowledge of equations and relations. 
n A3_FUN: Knowledge of functions 
n A4_MOD: Knowledge of modelling. 

The mean score obtained in the mentioned variables was insufficient.
The best result was obtained in A1_ALG (4.14 points) probably because
its items are of a procedural nature, i.e. the student must carry out a series
of calculations and come up with a result. Following is A4_MOD (3.71
points), which shows the highest degree of dispersion (highest standard
deviation), although it is an even dispersion (few outliers). The items in
this variable refer to simple models studied in secondary school. Then
follows the score in A2_EST (3.32 points). This variable includes the
structures, relationships and properties of mathematical framework,
which are not mastered by all students. Finally, the lowest score was
obtained in A3_FUN (2.18 points), which has many high outliers,
justifying the conclusion that some students master the subject whereas
the majority has clear difficulties.
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FIGURE III. Means of scores obtained in the partial variables

source: Authors

Analysis of didactical knowledge

The analysis of the level of didactical knowledge was carried out
according to the following variables:

n CD1_EPI: Knowledge of epistemic aspects 
n CD2_COG: Knowledge of cognitive aspects. 
n CD3_INS: Knowledge of instructional aspects. 

The mean scores obtained in these variables are also insufficient. The
best score was obtained in CD2_COG (4.63 points), with the second best
score if we consider all 7 variables. It is evenly distributed, showing few
outliers: 50% of students are within a score (4-6) and the remaining 50%
are evenly distributed in the two whiskers (box plot).
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The other two variables obtained the lowest score, even considering
the seven variables. The lowest score was obtained in CD1_EPI (1.49
points). Keeping in mind the box plot, 75% of students have scored less
than 2 and 25% have scored between 2 and 8, which results in many
outliers. One possible explanation is that the questions of the items
included are not common in pre-university education, so students are not
used to answering such questions.

Lastly, CD3_INS (2.38 points) is second in the lower scores, indicating
our students’ lack of instructional practice. 75% of students have scored
less than 4, the remaining 25% were rated between 6 and 10, with few
outliers. There are no differences at the level of the period in which the
questionnaire was administered in the universities, suggesting that the
existing difficulties are not resolved throughout their training path.

Summary and implications for teacher training

This paper provides meaningful information regarding the level of
knowledge of a significant sample of prospective primary education
teachers on elementary algebraic reasoning (EAR). Therefore, it supports
previous studies on the nature of EAR (Godino et al., 2014) and the
development of measurement instruments (Godino et al., 2015).

Overall, we unveiled major weaknesses in the knowledge of
prospective teachers who are currently studying in Spain under the
Curriculum established in 2010 (MEC, 2007), in accordance with the
guidelines of the European Higher Education Area (Bologna plan).
Although the Teacher’s Degree in Primary Education has included a fourth
year (which meant going from 180 to 240 ECTS), it has not substantially
altered the general and psycho-educational profile of teacher training.
There is no intention to question the current orientations for the teacher-
tutor, who is mainly responsible for teaching Language, Mathematics and
Natural and Social sciences, but to highlight the urgent need to ensure
training in the various subjects thus enabling the teacher to successfully
face the existing epistemological challenges.

The low scores obtained by the Portuguese students studying under a
plan of studies which is quite different from the Spanish one, supports
the belief that the development of didactic–mathematical knowledge on
EAR requires special attention.
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Rico et al. (2014, p 58) state that the results of the TEDS-M study point
out the need to place greater emphasis on the topics taught in didactics
of mathematics and broaden the topics taught in school mathematics: this
should be taken into account in the future at both institutional and
training levels. In this paper there is experimental data supporting these
studies. As a result, the present situation is clearly unsatisfactory, at least
regarding algebraic content, despite the implementation of new
programmes based on the guidelines of the European Higher Education
Area.

The subsequent analysis of the TED-M results by Gutierrez-Gutierrez
Gomez & Rico (2014), regarding didactical knowledge on numbers of
prospective Spanish primary education teachers trained according to the
1991 plan, highlights weaknesses at the level of such knowledge, which
«should be corrected in forthcoming programmes» (p. 296). The results
of our study, although it is centred on didactic-mathematical knowledge
regarding algebra using our own instrument, prevent us from being
optimistic about the improvement of teacher training with the new
programmes.

In this paper we have tried to explain the differences in mean scores
obtained in the five participating universities by means of its potential
relationship with the cut-off required for admission and the admission
rate. Although the correlations differ from zero (positive with the cut-off
point and negative with the admission rate), they were not significant. In
future developments of this study, information should be gathered
regarding other potential explanatory variables, namely the students’
admission grade, or the measurement of academic achievement in
mathematics in previous courses.

On the other hand, from a methodological point of view, it is worth
mentioning that the samples were chosen purposefully. This does not
decrease the representativeness of the groups in the participating
universities, as students are distributed randomly, so it is possible to
assume their representativeness with respect to the universities attended.
However, a future development of this study, concerning the evaluation
of prospective primary teachers’ level of knowledge on EAR, should
include a wider range of universities explicitly controlling the random
and representative distribution of selected samples.

Lastly, the variable CD3_INS, based on prospective teachers’
knowledge of instructional aspects, shows very low scores. This hints
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towards the need to include didactical and pedagogical strategies in
mathematics to enable TDPE students to predict their pupils’ behaviour
and come up with interventions for the management and control of the
study process. In many cases, these activities depend on the number of
students per group, which prevents the use of more participatory and
collaborative methods, consistent with the basic assumptions of the new
European Higher Education Area.

As future lines of work in the evaluation problem of didactic –
mathematical knowledge on algebra and its didactics, and under the
DMK-EAR model, we can mention the design of items relating to the
facets:

–  Affective, that is, knowledge of future teachers on attitudes,
motivation, emotions, beliefs and their influence on the learning of
elementary algebra.

–  Ecological, curricular aspects and links to other contents.
–  Mediacional, using technological resources in teaching algebra.

This last aspect is closely related to the TPACK4 models that identify
the types of knowledge that teachers need to master to integrate
technology in an effective way in their teaching.
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Appendix: DMK-EAR questionnaire

1. Consider the following question posed to a pupil of the first cycle
of primary education:

What number should be placed in the box so that equality is true?
8 + 4 = ___ + 5

A pupil answers that the number is 12, 
a) Explain the possible reasoning that led the pupil to give that

answer. 
b) Which interpretation of the sign = is being done by the pupil? 

2. A pupil was asked to indicate whether the expression «13 + 11 =
12 + 12» is true or false. 

The pupil answers the following:
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It is true because we subtract one to twelve and add it to the other
twelve, the result is what is there (on the left).
a) Explain the reasoning that could lead the pupil to come up with

this response.
b) Which properties of addition led the pupil to justify their response?

3. A pupil made the following hypothesis: «I add three consecutive
natural numbers. If I divide the result by three I always get the second
number”

a) Is the statement valid for all natural numbers? Why?
b) In your opinion, what kind of justification could a primary school

pupil give to this hypothesis?

4. Carefully analyse the following sum, and determine the number
representing each letter. Consider that each letter has a different value.

A B C
A B C

+ A B C

2 A C C

a) What are the numerical values of A, B and C? How do you know
they are correct? Explain your reasoning.

b) Can you solve the task using an algebraic procedure? What would
that resolution be and which algebraic concepts would be used?

c) What kind of response and justification do you think an elementary
school student could give to this problem?

5. Consider the following sequence.

a) Represent the next two terms of the sequence and indicate the
number of segments needed to build each one of them. Explain
how you did it.
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b) How would you change the statement of the task to hint a
resolution procedure which involved algebraic knowledge?

c) What would be the algebraic knowledge involved?

6. Consider the following sequence of three shapes defined by dots: 

a) Determine the number of dots that the shape placed on the twenty-
fifth (25th) position of this sequence will have, assuming it
continues with the same rule of formation. Support your answer.

b) Indicate techniques or different ways to solve the problem.
c) Do you consider that this task could be proposed to students in

the 3rd cycle of primary school? How could they reach a solution? 

7. A pupil received a certain amount of money to eat for 40 days from
his parents. However, he found places where he could save 4 euro a day
on food. Thus, the initial budget lasted 60 days.

a) How much Money did he receive?
b) Can you solve the problem using only arithmetic procedures? How? 
c) Can you solve the problem using algebraic knowledge? How?

8. Analyse the following expressions and answers:
1. 4x + 5 = 25
2. y = 2x +1
3. P = 2c + 2l

a) Describe your interpretation of each of the above expressions.
b) Come up with three problems that may be proposed to elementary

students and whose solution leads to these expressions.

9. To fill a container with a maximum capacity of 90 litres with water
a faucet whose flow is constant and equal to 18 litres per minute is used.

a) Indicate which of the three graphical representations corresponds
to the situation described above, being that the X axis represents
time in minutes and the Y axis the volume of water in litres.



Answer: _____; Justification:

b) What mathematical knowledge or other type of knowledge is used
to solve this task?

c) Do you consider that this task could be given to primary school
children? If so, what cycle? Support your answers.

10. A teacher presents the following problem to his pupils:
At a store they sell each kilo of pears for 2€ and charge 10 cents per

bag.
How much would a bag with 4 kg of pears cost?
a) Come up with a variant of the problem which could be used to

introduce linear functions. Suppose each bag carries 4 kg. 
b) Solve the problem you stated and name the algebraic skills used.

Contact address: Juan D. Godino. Universidad de Granada, Facultad de
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Abstract
Learner-centered methods seem more appropriate for promoting student

learning and self-regulation skills. We wanted to assess the impact of learning-
centered methodology on learning strategies and learning approaches of three
student groups. They were first year students studying the degrees of Pedagogy
and Social Education at the University of Valencia, who studied the subject of
Educational Theory. The sample consisted of 133 students. A pre-experimental
design was used with pretest and post-test measures with the CEVEAPEU and
CPE questionnaires. Besides, students assessed the methods used by their
teachers with a quantitative questionnaire. Qualitative data were also collected
from students to provide a more integrated perspective: a focus group was
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organized with some students to analyze the methods, and some students from
all three groups also assessed them with an opened questionnaire. The teachers
of the three groups agreed the learner-centered methodology. Teaching methods
included an expository methodology, questions, classroom discussion, classroom
practices, cooperative work, conducting research work and classroom
presentation, and an evaluation system which used training procedures that
returned feedback to students (two portfolios, assessment of oral presentations,
rubrics, co-evaluation, self-assessment and written tests). Significant
improvements in learning strategies and in deep approach scores were obtained
in the post-test. Students positively assessed the methods used compared with
more traditional ones. This work is relevant for the positive results obtained from
a more integrative methodological approach than in other analyzed studies.

Keywords: learner-centered teaching, self-regulated learning, learning
strategies, learning approaches, freshmen.

Resumen
Los métodos centrados en el aprendizaje parecen más adecuados para

favorecer el aprendizaje del estudiante y sus capacidades de autorregulación. En
este trabajo se pretendía valorar la incidencia de métodos centrados en el
aprendizaje sobre las estrategias de aprendizaje y los enfoques de aprendizaje
de tres grupos de alumnos de 1º de los grados de Pedagogía y Educación Social
de la Universidad de Valencia en la asignatura Teoría de la Educación, de 1º curso.
La muestra estaba constituida por 133 alumnos. Se utilizó un diseño
preexperimental, con medidas de pretest y postest, tomadas mediante los
cuestionarios CEVEAPEU y  CPE; además los alumnos valoraron los métodos
utilizados por sus profesores con un cuestionario cuantitativo. También se
recogieron datos cualitativos de los estudiantes  para disponer de una perspectiva
más integradora: se realizó un grupo de discusión para analizar los métodos y
también alumnos de los tres grupos los valoraron por medio de un cuestionario
cualitativo abierto. Los profesores de los tres grupos acordaron la metodología,
centrada en el aprendizaje y en el alumno. Los métodos docentes utilizados
integraban metodología expositiva, preguntas, discusión en clase, prácticas de
aula, trabajo cooperativo, elaboración de un trabajo de investigación y exposición
ante la clase, y un sistema de evaluación que hacía uso de procedimientos
formativos que devolvían feedback a los estudiantes (dos entregas de portafolios,
evaluación de las exposiciones orales en clase, rúbricas, coevaluación,
autoevaluación y pruebas escritas). Se encontraron mejoras significativas en las
estrategias de aprendizaje en el postest y en las puntuaciones de enfoque
profundo. Los alumnos valoraron positivamente los métodos utilizados en
comparación con otros más tradicionales. Este trabajo es relevante por los
resultados positivos debidos de un planteamiento más integrador a nivel
metodológico que en otros estudios analizados.
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Palabras clave: enseñanza centrada en el aprendizaje, aprendizaje
autorregulado, estrategias de aprendizaje, enfoques de aprendizaje, estudiantes
de primer curso.

Introduction

The learning-centered model used in students has become more
important in the literature and in research on higher education. 

Based on several works that have used interpretative approaches to
study teachers’ ways of teaching and their conceptions of teaching and
learning (Biggs, 2005; García Valcárcel, 1993; Kember, 2009; Kember &
Gow, 1994; Kember & Kwan, 2000; Samuelowicz & Bain, 2001), two
models have been specified: the traditional model, transmitting
knowledge, teacher-centered and teaching-centered, and the learning-
centered, student-centered model in both teaching and evaluation. 

The learning-centered model emphasizes student learning. Knowledge
is understood as building. Teachers are responsible for curricular design,
but students must cooperate in curricular development. Students are
encouraged to design their learning routes and to be committed to the
process (Machemer & Crawford, 2007). Student conceptions are employed
as a basis to prevent errors and to promote a conceptual change. The
student-teacher interaction is bidirectional to negotiate meanings.
Cooperative work among students is encouraged for joint knowledge
building and developing the skills, attitudes and values needed in their
student and professional life. Using what students have learned is
expected for life and for interpreting the reality in which they live. Interest
and motivation fall especially on students themselves. 

Innovative teaching is used –with different methods that favor active
learning: cooperative work, problem-based learning, developing projects,
and other methods, that are compatible with a quality expository
methodology (Zabalza, 2012)-; a significant evaluation, considered to be
a learning opportunity, with different information collection sources, that
provides students with feedback (Hernández, 2012), allows them the
chance to participate in the process and encourages learning from
students’ self-assessment process. The competences and results of
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learning to be acquired by students are clarified and explained in order
to facilitate self-assessment (Hannafin, 2012), and a flexible curriculum is
prepared to offer students the possibility of selecting alternative learning
routes (EI-ESU, 2010). The fundamental role played by teachers in this
context is as mediators and coordinators of good environments and
learning experiences (Monereo & Pozo, 2003).

Several publications exist on recommendations to implement the
model (Bista, 2011; Campbell, 2012; Mostrom & Blumberg, 2012; Nitza,
2013;), and also on specific development initiatives of some parameters
(Armbruster, Patel, Johnson & Weiss, 2009; Christopher & Rust, 2006;
Heise & Himes, 2010; Pucha & Utschig, 2012; Tessier, 2007; Tien, Roth &
Kampmeier, 2002). 

In the present work, we intend to provide a relevant contribution in
this direction by presenting the results of a research work that aimed to
analyze the impact of innovative learning-centered methods on university
students’ learning based on the conviction of having empirical data
available to help improve quality in university teaching-learning.

Although promoting a student-centered approach throughout
university would be ideal, being modest at the beginning and taking small
steps are worthwhile. When students obtain positive results, the area of
influence can be extended. This work analyzes the impact of innovative
learning-centered methods implemented by three teachers who teach the
same subject (Educational Theory) with year-one students in two
Education degrees (Pedagogy and Social Education) at the University of
Valencia. To evaluate this, students’ learning strategies were assessed.
These strategies include affective-motivational and support elements,
metacognitive and cognitive elements: “will”, “self-regulation” and “skill”
(Weinstein, Husman & Dierking, 2000), which permitted the assessment
of their self-regulation capacity (Pintrich, 2000 & 2004; Yip, 2012;
Zimmerman, 2002; Zimmerman & Schunk, 2011). We also assessed
learning approaches, consistencies that refer to the way an academic test
is dealt with, which stem from both student perceptions of the task and
the individual’s characteristics (Biggs, 1993; Entwistle, 2011; Entwistle &
Peterson, 2004; McCune & Entwistle, 2011. The typology that we support
is that which postulates the existence of two approaches, surface and
deep (Biggs, 1993; Entwistle, 1995). Data were also collected from the
assessments that students made of the process followed in teaching and
assessment.
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Thus the objectives pursued in this work were to evaluate the
incidence of student-centered methods in student-learning strategies and
approaches, and to analyze the assessments made by students of the
methods used in the subject.

Method

Hypothesis

Applying learning-centered methods to the aforementioned subject will
reveal statistically significant differences among students between the
pretest and the post-test in learning strategies, which will improve, and
in learning approaches, by improving the deep approach scores and
lowering the surface approach ones. Student assessments will be positive.

Design 

A pre-experimental pretest-post-test design was applied to the groups of
students who were taught the subject. We opted for this design2 as student
selection was not aleatory and we did not have a similar sample of
students undergoing traditional teaching-learning treatments. Two lots of
qualitative data were included when the subject ended, which derived
from a focus group and open questionnaires, and indicated students’
perception of the process.

Sample

The sample included 133 year-one students at the University of Valencia who
studied Education Theory in the degrees Pedagogy (two groups, one with 50
students and 62 in the other) and Social Education (one group with 21
students). Of these, 114 were female (85.7%) and 19 were male (14.3%).
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(2) We are aware that a quasiexperimental design with a non equivalent control group, and with students who
also studied the same subject in the same degree or in another one, but with a traditional methodology,
would have been better. It was not possible to take such an initiative given the difficulties it implied,
specifically the need to count on research with traditional teachers, who we know exist, but do not accept
this type of research. 



Instruments 

To evaluate university students’ learning strategies, we used the
CEVEAPEU (Questionnaire to Evaluate University Students’ Learning
Strategies) questionnaire (Gargallo, Suárez-Rodríguez & Pérez-Pérez,
2009), which was designed based on the assumptions of the self-regulated
learning theory (Boekaerts, 2006; Pintrich, 1995, 2000 and 2004;
Zimmerman, 2002) and includes the three components mentioned in the
Introduction. 

It comprises 88 items on a 5-grade Likert-type response scale, and is
arranges in two scales, six subscales and 25 strategies. Details of its
structure are included in Table I, along with its reliability data. The
reliability of the whole questionnaire was á=.897.

To evaluate the learning approaches, we used CPE (Study Processes
Questionnaire), which is a Spanish translation of the R-SPQ-2F by Biggs,
Kember and Leung (2001). It includes 20 items divided into two scales,
one with a surface approach and the other with a deep approach. Each
scale is formed by 10 items subdivided into two factors that evaluate
motives and strategies (surface ones on one scale and deep ones on the
other). We used the translation by Hernández Pina, who adapted it to the
Spanish population (Abalde et al., 2001). Table II presents its
structure and the internal consistency data.
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TABLE I. the CEVEAPEU structure and the internal reliability-consistency data 

Source: the Authors
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TABLE II. Structure of the CPE and the internal reliability-consistency data.

Source: the Authors

To evaluate the methods, all the students answered a quantitative
questionnaire prepared by the research team when teaching ended
according to its usefulness for learning and for personal satisfaction. The
assessment scale had five grades (Not at all-A lot).

A discussion group (focus group) was also organized in which the
participating students who belonged to three groups described the
teaching methodology and evaluation used by the teacher, assessed it and
made suggestions for improvements.

Fifteen students, five from each group, answered an open
questionnaire, prepared by the research team, and also described the
methodology by assessing it for its usefulness for learning and comparing
it with other experimented methods. Finally, they made suggestions for
improvements.

Data collection procedure

Students answered the CEVEAPEU and CPE questionnaires when teaching
the subject began (the pretest) and contextualized their responses in the
way they usually learned, and answered them again at the end (the post-
test) by contextualizing their responses about teachers and the subject
they had learnt on the website: https://poliformat.upv.es/portal. When
teaching ended, students also answered the closed quantitative
questionnaire to assess the methodology, a discussion group was
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organized and the selected students completed the open assessment
questionnaire.

Dynamics and methodology followed in the subject

The three teachers used the same innovative learning-centered methods:
for each theme, they presented in class the expected competences,
objectives and learning results, along with contents, tasks and materials.
Well in advance, teachers uploaded questions/answers of different
complexities from each theme to the virtual classroom, which the students
answered based on the autonomous work they did with the materials.
Later in class, a preliminary assignment was carried out, which included
discussion and seeking the group’s consensus about the questions that
each student had worked on individually. This was followed by an idea-
shared session as a large group, led by the teacher, which involved
students participating, debating, and providing the necessary explanations
and accounts. Classroom practicals were done on each theme to help
students acquire skills and practically apply contents, which included
study cases, simulations, videos, using pedagogic techniques, etc. These
practicals provided group work and idea-shared sessions, in which the
teachers mediated. During the 4-month period, students conducted some
research as a group with fieldwork about the life-long learning situation
in a town, or in a district if they were in a large city. Follow-up sessions
were organized in class to council students and to compare the
achievements they made. At this point, students had to present their work,
which involved the teacher and the other students in their group asking
questions, and voicing doubts, considerations, etc., when the final
document that witnessed their work was handed to the teacher. This
presentation was evaluated by both the teacher and the students who did
not participate in the presentation group by means of a public rubrics
and evaluation criteria. During the same 4-month period, students had to
hand in two portfolios that provided evidence for student learning:
questions debated in class, reports of practicals, a metacognitive reflection
on the process followed, and self-assessment, with rubrics. The teachers
returned the corrected portfolios to the students with their assessments
and proposals for improvement, and students could improve the product
they had prepared. At the end of the 4-month period, students also sat a
written exam on the contents they had worked on.
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Thus the following methods were employed for teaching: 

n Participative master class
n Question time 
n Discussion in a small group about the questions prepared, idea-
shared session in a large group, and general discussion with the
teacher as a mediator

n Classroom practicals
n Preparing research work by cooperative work
n Preparing a portfolio 

After the evaluation, several tools were used:

n portfolio (handed in twice and corrected by the teachers to be
returned to students to provide them feedback) (60% of the end
mark, which represents 20% to the questions prepared by students,
20% to the practicals reports and 20% to the group research work),
with evaluation rubrics

n final written open-answer exam about the contents worked on (40%
of the end mark)

n co-evaluation of the research work presented by students, using a
public rubrics

n student self-assessment

Statistical analysis

The sample’s normality was analyzed using the Kolmogorov-Smirnov (K-
S) test to determine with what items the parametric tests could be done.
The results of the items with normal distribution were submitted to an
analysis of variance (ANOVA) (a repeated-measures General Linear
Model) which included effect size estimations (partial h2) using SPSS 19.0,
and comparing the scores obtained in the pretest with the post-test score.
In those cases in which distribution was not normal, the Wilcoxon Z test
was used. In such cases, the effect size was estimated by j (Fritz & Morris,
2012).
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Results 

In learning strategies

The results are described after first including those with the global
questionnaire score, then those obtained with the two scales, the six
subscales and the 25 strategies (Table III). Given the large quantity of
data, we only included the results of the variables with significant
differences. For each variable, the ANOVA F-test was included with the
significance of the difference and the partial h 2 value. When the F-test
values were below 1, in those cases in which distribution was not normal,
non parametric tests were also carried out (the Wilcoxon Z test and
estimating its effect sizes by j). When it was necessary to include the
multivariate analysis results to analyze two variables or more, this was
done with the results not included in the table because it only includes
the results of univariate tests and not of the non parametric tests.

In order to present a simpler discourse, what is indicated below refers
to the value of the significance in the F-test, and also to partial h2 in the
overall score, in the strategies and subscales, and all with normal
distribution. The same was done with the scores of the strategies. A
reference and comment were collected only in those cases in which the
non parametric tests provided relevant information: be it because of a
higher degree of significance of the differences obtained by the Wilcoxon
Z test, or a higher j value in the effect size estimation.

We found differences in the statistically significant means in the mean
overall questionnaire score from the pretest to the post-test, p <.01, partial
h2 =.073, with a medium effect size3, and improvement in the post-test.

As we went down a specification level, the 2-scale one, which had two
variables, a multivariate analysis was done. The results of the change in
the joint profile of both scales were also statistically significant (lWilks

1.132=5.026; p=.027; partial h
2 =.037), and the effect size was small. 

With the univariate analysis, we obtained statistically significant
differences on both scales for the affective strategies of support and
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(3) Typically, the proposal of Cohen (1988) has been used to specify the effect size of partial h2, small size=.01-
.06, medium size =>.06-.14 and large size = >.14. In a very recent study on effect size, Fritz & Morris (2012)
also interpreted for partial h 2 a small effect size from.01, a medium effect size from.059 and a large effect
size from.14. The same authors provided the following evaluation scale for j: a small effect size from.01,
medium from.24 and large from.37.



control, p <.05, partial h2 =.044, and for the Information processing
strategies, p <.01, partial h2 =.055. The effect size was small.

With the multivariate analysis, we found that the results obtained in
the evolution of the joint profile of the six subscales were statistically
significant (lWilks 6.68=3.081; p=.008); partial h

2 =.127. The effect size
was medium.

We found statistically significant differences in the univariate analysis.
We noted improvement in the post-test on three of the six subscales:
Metacognitive strategies, p <.01, partial h2 =.061, Seeking and Selecting,
p <.001, partial h2 =.110 and Processing and Using, p <.01, partial h 2=.055.
The effect size was small in the third case and medium in the other two.
This did not occur on the other three subscales, and the score was higher
in the post-test.

In the multivariate analysis, the joint profile of the 25 learning
strategies and their evolution from the pretest to the post-test showed
statistically significant differences (lWilks 25.104=1.768; p<.05; partial h

2

=.298). The effect size was large.
When we move down to the last dimension (strategies), we observed

statistically significant differences in eight of the 25 strategies, and
improvement in the post-test:

In the two Motivational strategies we found: Intrinsic motivation, p
<.05, partial h2 =.039 and Self-efficacy and expectations, p <.01, partial h2

=.058. The effect size was small.
Statistically significant differences were noted in one of the

Metacognitive strategies with growth in the post-test: Knowledge of
objectives and criteria, p <. 05, partial h2 =.080, with a medium effect size.
In the other three, the differences were not significant, and those found
in Self-assessment came close to the.05 significant value, p =.094.
Improvement was also seen in the post-test. 

Significant differences were noted in the Seeking and selecting
strategies: Knowledge of sources, p <. 001, partial h2 =.099, and a medium
effect size; Selecting information, p <. 05, partial h2 =.049, with a small
effect size.

Significant differences were observed in the three Processing and
using strategies: Elaboration, p <.01, partial h2 =.058, Personalization and
creativity, p <.05, partial h2 =.033 -in this case, the significance value in
the Wilcoxon Z test was higher and j= 0.2415-; Storage and memorizing,
p <.075, partial h2 =.033. The effect sizes were small and medium.
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Therefore, we can state that students’ learning strategies improved and
this improvement was greater in the Motivational, Metacognitive, seeking
and selection, and Processing and using strategies, which are strategies
in which the implemented teaching and evaluation dynamics can have a
positive and stronger influence. Not all the strategies significantly
improved: in some cases, strategies referred to conceptions, which are
not easy to change (as with Strategy 7, which referred to Conceiving
intelligence), while in others, elements were not controlled in the subject
(as in Strategy 8, Physical state and mood, or as in strategy 9, Controlling
anxiety, areas which, at the end of the 4-month period, when there are
exams and all the stress that comes with them, can affect students’
perception). In any case, nearly all the strategies improved in the post-
test, but they did not all show significant differences.
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TABLE III. the AnOVA F-test and the significance of the differences in the learning strategies

(pretest-post-test).

n= 133; gl= 1 and 132; *p <.05 **p <.01 ***p <.001

Source: the Authors

In learning approaches

As in the previous case, we only included the results of the variables that
showed significant differences in the table. As all the variables in this case
showed normal distribution, the results of the non parametric tests were
not included.
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In the multivariate analysis, the results that referred to the change in
the joint profile of the two approaches/scales were also statistically
significant (lWilks 1.132=9.469; p=.000; partial h

2 =.126). The effect size
was medium. 

In the univariate test, statistically significant differences were found in
the overall score of the deep approach, which increased in the post-test,
partial h2 =.126, with a medium effect size. No such differences were
found, however, in the overall score of the surface approach, and scores
lowered in the post-test.

Moreover the results obtained about how the joint profile evolved of
the four subscales/factors reflected statistically significant changes from
the pretest to the post-test (lWilks 4.129=4.759; p=.001); partial h

2 =.129,
with a medium effect size.

The univariate analysis obtained statistically significant differences in
the partial scores of the deep approach, and higher scores in the post-
test: for the Deep Motive, p<.001, partial h2 =.094, and for the Deep
Strategy, partial h2 =.109, with a medium effect size. No differences were
observed in the partial scores of the Surface Approach or for Motive
(p=.080). The same occurred in the scores of the Strategy (p=.355), which
lowered in the post-test.

Therefore, the Deep Approach scores considerably improved with a
large effect size, while the Surface Approach scores lowered, but no
significant differences were observed.

TABLE IV. the AnOVA F-test and the significance of the differences in the learning approaches

between the pretest and post-test.

n= 133; gl= 1 and 132; *p <.05 **p <.01 ***p <.001

Source: the Authors
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Student Assessments

Students assessed the methodology employed in two ways: quantitatively
with a closed questionnaire, and qualitatively with a group discussion
and an open questionnaire.

Quantitative Results

When teaching ended, students completed a questionnaire prepared by
the research group to assess the teaching and evaluation methods used
by teachers. For each one, its utility for learning and student’s personal
satisfaction were assessed on a 5-grade scale (Not at all-A lot) (Table V).

All the teaching methods were positively assessed and obtained high
scores for their usefulness for learning, except for students’ presentations
with a mean of 3.92, and class discussion with a mean of 3.94 (even so,
the percentage of acceptance, obtained by summing responses Quite a
Lot and A Lot, came to 69.4% for the former and 76.1% for the latter). All
the other methods exceeded the mean of 4 (the percentages of
acceptance, obtained by summing responses Quite a Lot and A Lot, came
to 75% in most cases and 80% in quite a few).

The methods that students best assessed were personal work corrected
by the teacher, seminars, portfolios, cooperative work and classroom
practicals.

The assessments made on students’ personal satisfaction were also
positive, but slightly lower for the master class, and for question time and
students’ presentations, with results that came close to a mean of 4. For
the two first methods, students considered their usefulness with a high
grade, and with a slightly lower one for personal satisfaction: the master
class obtained 80.3% of acceptance of its usefulness, and 68% for
satisfaction; question time obtained 85.6% acceptance of its usefulness
and 76.1% for satisfaction; presentations rated 69.4% for its usefulness,
with 80% for satisfaction. All the other methods obtained high scores,
with a mean of 4 for planned tutorials, and the others obtained mean
scores of over 4 (the percentages of acceptance, obtained by summing
responses Quite a Lot and A Lot, came to 75% in most cases and 80% in
quite a few).
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The best assessed methods were personal work corrected by the
teacher, seminars, portfolios, classroom practicals and cooperative work.

All the evaluation methods were positively valued for their usefulness,
with high scores above the mean score of 4, except for the first three
(self-assessment, co-evaluation and written tests), which exceeded the
mean of 3.5 (in this case, the percentages of acceptance, obtained by
summing responses Quite a Lot and A Lot, came to 60.5% for self-
assessment, 57% for co-evaluation and 61.9% for written tests). This is a
more than acceptable grade of positive evaluation. The highest score went
to portfolios (a mean of 4.27 and an acceptance percentage of 90.7%),
when we grouped the responses Quite a Lot and A Lot, where
assessments that used the A Lot option were the highest, with 54.3% of
acceptance.

The assessments made of personal satisfaction with the evaluation
methods followed a similar pattern, and the three methods that obtained
a mean score that reflected a less positive evaluation were the first three,
although the mean was always above 3.5 (the percentages of acceptance,
obtained by summing responses Quite a Lot and A Lot, came to 54.7% in
the first case, 53.3% in the second case and 57.7% in the third). Moreover,
the highest positive evaluation went to portfolios (a mean of 4.21 and an
acceptance percentage of 78.7%). Although this percentage, which
included the Quite a Lot and the A Lot responses, was slightly lower than
in other evaluation methods, it obtained more A Lot responses, and an
acceptance percentage of 50.8%.

The most evaluated methods in both cases were portfolios, group
works, individual works and oral presentations.
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Qualitative Results (discussion group and qualitative questionnaire)

A discussion group was organized with seven students, two from each
Pedagogy degree group and three from the Social Education group (5
females and 2 males). 

One group of 15 students, five from each group (11 females and 4
males), completed the open qualitative questionnaires. 

Students were selected according to the following criteria: they had to
be males and females according to the percentage adapted to the gender
distribution in each group; from each class, at least one student with good
performance/high implication/participation, and another with average
performance/implication/participation should be selected.

In both the discussion group and questionnaires, among other matters,
students were asked to briefly describe the teaching and evaluation
method employed by the teacher, and to assess it for its usefulness for
learning by comparing it with other experimented methods. They were
also asked to make suggestions to improve it.

This group was led by an expert, and interventions were recorded and
transcribed. The results of both procedures underwent a content analysis
by two expert judges to delimit analysis categories, frequencies of
responses and their interpretation, using an inductive-deductive system
that specified categories by using previously determined categories and
then including new categories whenever necessary. 

The conceptual map below includes the most relevant contributions
made. We selected only those that referred to the assessments made of
the methods and to the suggestions made to improve them. 
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FIGURE I. Conceptual Map. Qualitative Results

Discussion and Conclusions

The objective of this work was to analyze the incidence of the student-
centered methodology in students’ learning strategies and approaches,
and to evaluate the teaching process.

The results have allowed us to confirm most of the hypotheses put
forward, and the scores of the strategies and approaches improved in the
post-test.

Significant differences were obtained in students’ learning strategies
in the overall score, on the two scales and in three of the six subscales:
Metacognitive, Seeking and Selecting; Processing and Using. The
differences observed in eight strategies were statistically significant:
Intrinsic motivation, Self-efficacy and expectations, Knowledge of
objectives, Knowledge of sources, Selection, Elaboration, Personalization
and creativity and Storage/memorizing.
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Although the differences in the other strategies were not statistically
significant, they improved in the post-test.

The learning approach scores also improved, the Deep approach
scores increased, and statistically significant scores were obtained for the
overall approach score, and also in the partial scores in motive and
strategy. 

Students’ assessments of the methods and techniques employed for
teaching and evaluations were positive, with high evaluations made for
both their usefulness for learning, and personal satisfaction in using them
for most of the methods employed.

These results are relevant as using learning-centered methods
improves both students’ learning strategies and approaches. This is
stressed particularly in Motivational strategies, which confirms the
opinion of teachers, who understand that using such methods improves
student motivation. They are also relevant in the Metacognitive strategies,
which is coherent with the work expected of students, who demand such
skills; in strategies Seeking and Selecting, and also in Processing and
Using, which are expected for the tasks undertaken with students.

The subject teaching consideration also expects to find the Deep
approach among students, who work with tasks that demand critical
thinking, preparation, providing their own proposals, etc. Thus students’
deep learning approach increased significantly.

These results coincide with those reported in previous research, which
verified that teachers’ teaching and evaluation methods influenced the
way their students learned (Gargallo, 2008; Gargallo, Garfella, Pérez &
Fernández, 2010). 

Other works have employed similar considerations, mainly with small
groups, as we did. One example of such is Armbruster et al. (2009), who
worked with students in introductory Biology classes in a North American
university. This work indicated improvements in the form of students
showing more interest, self-managed learning, etc. These authors moved
from a master class methodology to one that was more learning-centered,
which was developed by the teachers themselves after redesigning the
course and using problem-solving approaches in groups, and formative
and self-assessment evaluation elements. 

Tien et al. (2002) experimented with group work led by Organic
Chemistry students in a North American university. Researchers
redesigned the course by also training leaders for each group. They
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organized group problem-solving workshops where students had to
reflect on the process followed. The leaders of each group emphasized
these metacognitive-type reflexive processes. This work improved
students’ performance, memorizing and attitudes.

Tessier (2007) used peer tutorials as a complementary working method
of the expository methodology in such a way that, after previously
becoming experts on part of the syllabus, the General Biology students
who took part in a primary education teacher training program taught
each other in small groups. They obtained better learning results and
better qualifications than with conventional methods.

In this context, our work is relevant for the results it presents and the
process it followed because it employed a more integrating
methodological approach that went beyond those used in the analyzed
studies, which introduced highly specific practices. The combination of
methods employed for teaching, and the formative evaluation and the
self-assessment practice, improved the learning strategies and increased
the deep learning approach.

We realize it would be ideal to implement learning-centered methods
in learning degrees throughout centers and, if at all possible, througout
the university. This is the case of Kember’s initiative in 2009, who
managed to make relevant and significant changes during 2 years in
students’ perception of the learning environment and teachers’ action
(increased active learning, teaching for understanding, etc.), and also in
students developing their skills (critical thinking, self-managed learning,
etc.), after the teachers involved introduced innovative methods. We are
also aware of some obstacles to be overcome: need for organizational
changes (De La Sablonière et al., 2009); quality teacher training (Gibbs &
Coffey, 2004), etc. In the meantime, works like that presented herein can
act as an incentive for other teachers to engage in such dynamics. 

Before finishing this work, we wish to point out some study
limitations: our sample is not representative of either the university or
the degrees. In order to be more rigorous, a quasiexperimental design
should have been used; Footnote 2 provides the reasons why we used a
preexperimental design. Quite often in educational research, what is
desirable is not always feasible.
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FERNÁNDEZ BRAVO, J. A. & BARBARÁN SÁNCHEZ J. J. (2015). Inventar
problemas para desarrollar la competencia matemática. Madrid: La
Muralla. ISBN: 978-84-7133-814-3

In the present book, the authors deal with two very interesting topics
concerning Mathematics and its Didactics: inventing problems and
mathematical competence. It is intended mainly for Secondary Education
teachers (Compulsory Secondary School and Baccalaureate), as well as
students of BA degree in Education and Master’s Degree in Secondary
Education.
The book is divided into five chapters. In the first three chapters, it

provides an analysis of the state of the issue in mathematical competence
and in problem creation and solving. It gives us an updated overview of
these three important topics. Chapter 4, as the authors state, is the core
section of the book, and presents a method in order for students to be
able to understand what to do and how to do it, in addition to how to
reason, establish relations, apply properties, and develop their thinking
skills, to eventually dare to do it. This chapter presents six metamodels
and 49 models of problematic situations, all of them having a common
denominator: problem invention and reconstruction. There are examples
for each model that can be directly applied in the classroom. Finally, a
chart is appended for the teacher to select the mathematical competence
that he wants to work with his students. Furthermore, it will also inform
him about the main three mathematical competences developed in each
model. In chapter 5, it is shown a program which illustrates how to teach
students to solve problems by means of discovery and promoting
creativity and reasoning (with its corresponding methodological
indications for teachers). The diverse proposals stated by the authors in
Chapters 4 and 5 are supported by the successful practical application
with students in the different educational stages in an enjoyable way.
The degree of comprehension and emotion of what it is learnt, is

directly proportional to the degree of its appropriate application. In 21st
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century, our students have to be mathematically skilled and talented. This
work is an essential book for those who, some way or another, have the
responsibility of how to teach and consequently what students learn.

María José Carretero Cenjor
Profesora Facultad de Educación. 

Universidad Camilo José Cela.

APRENSEÑAR. DAVID DURAN (2014). Aprenseñar. Evidencias e
implicaciones educativas de aprender enseñando. Madrid: Narcea.

Coining a new term by combining two verbs Aprenseñar (Aprender =
Learning and Enseñar = Teaching), the author presents an extensive
review of existing scientific evidences in relation to recursive teaching
and learning practices which, in multiple contexts, take place from an
unusual, although well-known, perspective: that of teachers learning
through their own teaching practice.
The author thus reviews a range of research studies providing

evidence of tutors’ learning through teaching, a notion that has not always
been sufficiently backed up by research, despite its extensive use. 
Despite its prevalence, the author reminds us that not all teaching

offers learning opportunities for the teacher. The author believes that this
result depends on two factors. On the one hand, it will depend on the
teachers’ own conception of what it means to teach and learn and on the
subsequent attitudes being generated. In the second place, it will depend
on the approaches and methodologies that the teacher adopts, which will
obviously determine what opportunities he/she will have to learn whilst
teaching.
The author starts his discussion by highlighting some everyday

situations that promote learning, where learners are required to show
what they know, what they have learned. And this is how learning takes
place consistently and assuredly. The second chapter discusses scientific
evidence on teaching and learning in the knowledge age. The author
writes a brief introduction on teaching and learning within our species
and then goes on to detail the changes in conceptions about these
constructs. The author stresses the need to overcome the most dated
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conception, where the hierarchy established between teacher and learner
only allows for a unidirectional and transmissive relationship, which
therefore restricts the teacher’s own learning. The author furthermore
points out that methodologies promoting bidirectionality and reflexive
construction of knowledge through explanations and questions will
generate multiple opportunities for learning for the person performing
the teaching role. 
The next two chapters argue the possibility of learning by teaching in

various contexts. On the one hand, the author discusses learning that
occurs in informal situations, both in face-to-face and in virtual contexts,
from which important conclusions for formal teaching can be drawn. The
author therefore stresses the need for profound changes to take place in
the classroom and educational centres in order to achieve more effective
teaching and learning mechanisms. He also invites reflection on the
complementary value of the concepts of learning to learn and learning
to teach, thus highlighting the importance of learning and teaching each
other on a daily basis. He also underscores the importance of cooperation
and peer learning as exceptional opportunities for learning in the
classroom, and expounds the instructional value of peer interactions and
how best to structure them so as to turn them into learning opportunities.
The author issues a challenge to teachers: to share their teaching

abilities with their students so as to promote learning by managing the
students’ own ability to teach and construct their own learning, counting
on the teacher’s unconditional support. Lastly, the author describes formal
situations in which students learn by teaching, either because they are
standing in for their teachers at a given time, using cooperative methods
and techniques or evaluating peers, or because they are taking part in
shared teaching with other students as an emergent form of co-teaching.
The author then concludes with his reflections on how to teach whilst

learning. The author stresses the need to introduce learning opportunities
for and by teachers themselves, based on solid objectives and high
expectations for achievement, and he suggests sharing the learning
process with the students.
Each chapter invites us to review our own teaching and learning

practices and experiences in a critical and profound manner, grounded
on scientific evidence when required, so that we are thus able to
effectively manage the conceptual change on the notion of teaching and
learning, as urgently required by 21st century education. 
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It is for all the above reasons that this publication offers an exceptional
starting point for the creation of reflective and dialogical spaces for all
the educational agents acting in a plethora of daily contexts. The book
provides all the necessary evidence to unravel peer learning and peer
tutoring and extend their practice universally. And it also advocates the
need to incorporate educational practices that allow for the visualisation
of learning opportunities they generate so that teachers may continue to
contribute, constantly and collaboratively, to formative processes and
professional development.

Marta Flores i Coll
Universitat Autònoma de Barcelona

JONES, E. y BROWN, S. (2014). La internacionalización de la Educación
Superior. Perspectivas institucionales, organizativas y éticas. Madrid:
Narcea. 214 pp. ISBN: 978-84-277-1970-5. (José González-Such y
Carlos Sancho-Álvarez).

In recent years there has been a phenomenon that has been named
globalization or internationalization, interpreted as a system extremely
complex of macro processes increase and deepening of all kinds of
interconnections and interdependencies at the planetary level. Higher
education has been one of the factors that had more impact on the
emergence of the global knowledge economy, resulting in primary to
establish an approach of the educational processes to models of Social
Cohesion.
The book that will review focuses on this theme, the higher education

internationalization. The text is divided into four distinct parts; the first
one focused on the analysis of perspectives on politics and culture
institutions, and it is divided into two chapters. The first chapter is about
ethics and the posture of the Leeds Metropolitan University (LMU), which
has taken the position of global ethics of Hans Küng and who promotes
it through activities involving students, while they recount the origins of
the LMU. The second chapter refers to the way in which the LMU has
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launched initiatives focused on values to promote internationalization.
The establishment of an international school in which subjects are taught
and are fostered internationalization at the University or the development
of initiatives such as the «International Reflections», brief daily reflections
on a web page about the process involving both teachers and students
and their relatives or support staff through which they have gained many
valuable contributions.
The second part focuses on the assessment, learning, teaching and

support to international students; it is divided into four chapters. The
evaluation and the problems arising in the internationalization is the
subject of the third chapter, reviewing aspects such as the differences
between the forms of evaluation among different countries and need to
understand the international forms of assessment. Orientation and
support needs are the subject of the fourth chapter, which presents
different approaches to help students, such as orientation prior to arrival
or after your admission, establishing procedures for ongoing support, the
presence of students mentors or programmes prior to courses. Another
aspect that works the book in the fifth chapter is the training of teachers
in international environments and as managers of intercultural learning
environments. In Chapter 6 the issue of improving the quality of the
experience of the student at the LMU by an audit is to see in which areas
it is suitable to improve at this University using questionnaires online,
discussion groups and surveys of managers.
In the third part, structured in four chapters, the authors focus on

aspects related to the curriculum, employability and the revision of works
on the subject. In Chapter 7 talks about the internationalized curriculum,
their fundamentals and characteristics that must have. The next chapter
focuses on employability, the features demanded by employers and how
to improve practice in the internationalization of the institutions.
Commitment to the community is the subject of Chapter 9, which breaks
down the importance of the community as a source of experience and
implications of the internationalization. Also, Chapter 10 presents a more
diverse vision questioning traditional knowledge and proposing more
inclusive pathways to the own contents.
Finally, the fourth part talks about internationalization in higher

education from European prospects; it is divided into two chapters.
Approaches to support services to international students is the subject of
Chapter 11, which examines some principles of the institutions of higher
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education to support international students, on the basis of a study on
best practices of support students from different countries and the
synthesis of international approaches. The final chapter shows 20 key
factors for the internationalization of the institutions involved in
international diversity with a strategic approach to implement cross-
cultural approaches.
Each chapter includes case studies related to the subject matter. It is

an easy read book in which van-shelling key in the internationalization
aspects so that it ceases to be a theoretical or idyllic approach to become
a reality. For this, it is necessary that the universities take awareness of
the importance of the process and that contribute to the formalization of
the progress that no doubt will bring to our lives a better quality.

González-Such, José
Profesor Titular de la Universitat de València

Sancho-Álvarez, Carlos
Personal Investigador en Formación

(FIP “Atracció de Talent”-Universitat de València)

VALVERDE BERROCOSO, J., (2015). Políticas educativas para la
integración de las TIC en el sistema educativo. Madrid: Dykinson,
S.L. 219 pp. ISBN: 978-84-9085-078-7.

The impact of Digital Technologies (DT) in school systems have to be
mainly focused in human contexts, where educational policies with ICT
were launched. Hence, it is important that educational researchers and
policy-makers consider it. According to Valverde is important that political
processes that generate policy-makers must be well-known by educational
researchers. Also managers from public administration have to know
more about results from educational research.
Researchers with broad and extensive experience in educational

technology from the University of Extremadura reflect and show in this
book, the evolution of the implementation and integration of
technological education policies in Extremadura.
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The book has six chapters that provide a snapshot of the evolution of
educational policies for the integration of ICT in the Extremadura
Education System. First chapter makes an assessment of the effects of
educational policies with ICT in the education system, and presents a
model of educational innovation based on the concept proposed by Zhao
and Frank Ecosystem. That chapter concludes with the idea that a change
in the processes of integration of ICT in education is necessary. This
change is treated as a modular model, inspired by open source projects.
The second chapter focuses on highlighting the policies of infrastructures
and the importance of the use of free software (GNU / LINEX). Free
software is an element that makes different the policies that take place in
Extremadura. The eScholarium is presented as an educational platform
that facilitates the access and acquisition of educational content and
digital textbooks to students and teachers, as well as monitoring process.
Third chapter describes the educational projects promoted by the Ministry
of Education, in general, and also consider the specific ones to develop
educational policies with ICT in schools. Also the importance of the
creation of the National Center of Non-Profit Software to Curriculum
Development Systems to promote the creation and preservation of
educational open-resources is treated. Fourth chapter focuses on the idea
of transforming the organizational dimension of the centers and how
involve teachers, especially management team and ICT coordinator, to
promote a project that ensure the transformation of processes of ICT
integration. Fifth chapter points out some initiatives to improve the
creation of curriculum using ICT and teaching support materials such as
Joaquin Sama Awards, and others calls from Public Administration. Finally,
the book present a list of legal documents specific from the Community
of Extremadura organized by types of legal initiatives, scope and
schedule.
To sum up, pedagogical integration of Digital Technologies at schools

is not only a responsibility from teachers but also a global project for the
school where everyone has to agree and be well-known of it. If it will be
achieved, innovation may steer pedagogical action and make that digital
technology and learning converge in an interconnected and multi-
platform world.

Alicia González Pérez
Universidad de Sevilla
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