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Abstract
Purpose – The autonomous governments of two regions in Spain established mobile bans in schools as of the
year 2015. Exploiting the across-region variation introduced by such a quasi-natural experiment, this study aims
to perform a comparative-case analysis to investigate the impact of this non-spending-based policy on regional
Programme for International Student Assessment (PISA) scores inmaths and sciences and bullying incidence.
Design/methodology/approach – The authors apply the synthetic control method and diff-in-diff
estimation to compare the treated regions with the rest of regions in Spain before and after the intervention.
Findings – The results show noticeable reductions of bullying incidence among teenagers in the two treated
regions. The authors also find positive and significant effects of this policy on the PISA scores of the Galicia region
that are equivalent to 0.6–0.8 years of learning inmaths and around 0.72 to near oneyear of learning in sciences.
Originality/value – To the best of the author’s knowledge, this is the first empirical study analysing the
impact of mobile phone bans in schools on bullying cases, exploiting variation across regions (or other units),
years and age intervals. Besides, the scarce formal evidence that exists on the consequences of the mobile
phones use in students’ academic achievement comes from a micro perspective, while the paper serves as one
more piece of evidence from amacro perspective.

Keywords School bullying, Comparative-case studies, Maths and sciences skills,
Regional-level policies

Paper type Research paper

1. Introduction
The question of whether or not to ban mobile phones’ usage in schools is on the current
agendas of education policy mandates and has generated recent debates in many countries [1].
Beyond particular policies at the individual school level, governments in some countries or
some states/regions banned mobile phones in schools in recent years. For instance, the Israeli
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Ministry of Education decided to ban mobile phones during the school day in 2016. In France,
the policy came into effect during the beginning of the 2018–2019 school year and impacted
students over 15. In 2019, four states in Australia banned smartphones for students up to
18years. Instead, in 2015 the Mayor of New York removed a 10-year ban of phones in schools,
claiming that abolition could decrease inequality (Allen, 2015). Governments pursue two main
goals with this type of policy intervention: improving academic performance and reducing
bullying, which are precisely the impacts that we address in this paper.

An effective control of the use of new mobile technologies made by students at schools can
constitute a new policy tool to complement resource-based interventions by governments. This
might become specially interesting if, as some authors have pointed out, the room for resource
inputs to affect human capital formation can be of limited scope in some settings. In this line,
Woessmann (2016) provides evidence that students in a wide set of countries overperform
students in the USA while spending considerably less on schools per student (OECD,
Organisation for Economic Co-operation and Development, 2013). This author concludes that a
wide range of additional factors, including institutional features of school systems, may entail
major implications for the effectiveness of education investments.

In this paper, we provide regional-level evidence of the impact of a non-spending-based
policy intervention directly aimed at enhancing academic outcomes and, simultaneously,
students’ social behavior. In particular, we investigate the impact of banning mobile phones
in schools on students’ academic achievement and school bullying incidence. To this end, we
use as comparative case studies two regions in Spain (Galicia and Castilla La Mancha, CLM
henceforth) whose regional governments passed laws to ban mobile phones in primary and
secondary educational centers towards the end of the year 2014 (CLM) and beginning of the
year 2015 (Galicia). In the rest of Spanish regions other than Galicia and CLM, the use of
mobile phones by students in schools is not regulated [2].

The mentioned interventions in Galicia and CLM constitute a quasi-natural experiment
that allows us to take the case of Spain and their regions as an excellent lab for the analysis
of this highly debated policy. One advantage of using regional-level data within a country is
that it permits us to examine differences among units that are comparable in some
fundamental institutional and cultural traits. That is, it avoids the huge unobserved country
heterogeneity affecting cross-country analysis (Di Liberto, 2008; and Gennaioli et al., 2013).
Galicia and, particularly so, CLM are regions with wealth levels below the Spanish average
(over the analyzed period, Galicia is the 9th and CLM is the 14th out of the 17 Spanish
regions in the ranking of real income per capita). Hence, the analysis of a policy intervention
that could impact educational development, while not based on large investments of
economic resources, entails great interest in the case of disadvantaged regions.

To conduct the analysis, we construct a region-level panel data for our outcome variables of
interest as well as for several regional-year control variables using official data sources for the
17-Spanish regions before and after the mobile phone bans (with the exceptions that we will
comment below). We compare the regions where the policy was implemented (the treated
regions, henceforth) with the rest of regions in Spain before and after the intervention took place.

For the analysis of academic outcomes, we use the scores in maths and sciences obtained
by 15-year-old Spanish students in the five The Programme for International Student
Assessment (PISA) installments conducted from 2006 to 2018 (every three years). The PISA
scores [international testing entered by the Organisation for Economic Co-operation and
Development (OECD) in 2000] have the advantage of their international comparability and
are aimed at evaluating competencies and skills rather than locally designed academic
goals. In addition, the focus on middle-school students is of special interest in the case of
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Spain, given the importance of secondary education in the Spanish labor market (L�opez-
Bazo andMoreno, 2012).

As participation in the PISA installments is not mandatory, the CLM region did not
participate neither in 2006 nor in 2012, which poses us problems for the analysis of the pre-
intervention trends in the academic achievement of students in this region. Fortunately, the data
for the Galicia region is complete. Taking advantage of this, we apply both the synthetic control
method (SCM, henceforth, Abadie and Gardeaz�abal, 2003; Abadie et al., 2010) and differences-
in-differences (DID) regression analysis (DID, henceforth) to evaluate the impact of the
mobile phones ban on students’ PISA scores in this region. In the case of the CLM region,
we will present below some estimates of the effect of interest using DID regressions,
though we take with special caution these results due to the mentioned data limitations.

For the analysis of bullying, we apply DID regression to both Galicia and CLM. The
outcome variables are, in this case, officially reported cases for every 10,000 school students in
three age intervals (covering from 6 to 17 years old), spanning over the period 2012–2017. This
information, by region and year, was requested to the Spanish police forces andmade public by
the Spanish Ministry of Education in 2018, following a specific demand of information in this
regard made by a member of the parliament. Thus, the region-year-age level data on bullying
used in this paper is quite unique. To our knowledge, this is the first empirical study exploiting
variation across regions (or other units), years and age intervals on bullying cases.

There exists scarce formal evidence on the consequences of the mobile phone use in
students’ academic achievement. This is especially important on primary and secondary
education since it is at this age when children initiate the use of these devices, and also
where the existing evidence is particularly scarce [3]. The use of mobile devices is not
necessarily detrimental for education when correctly designed. For example, the use of
certain Apps could make children more involved in their learning process and increase the
enjoyment from studying. In addition, the immediate access to an infinite source of
information can complement instruction received at schools and improve the learning
process of students (Milrad, 2003). Furthermore, students can rapidly share information not
only with other students but also with teachers, which could lead to a more efficient
studying and collaboration (Chen and Ji, 2015; Lepp et al., 2015).

Positive effects on academic achievement can also come from potential
complementarities between the use of mobile phones and the development of other
technological competencies on the part of students, provided that the latter enhances
academic outcomes. In this regard, our paper is also related to the literature on the impact of
technology on students’ outcomes. Results from this literature, however, are far from
conclusive [4]. Some results seem to indicate that what actually matters is not the technology
on its own but rather the structured or unstructured use of a particular technology. For
instance, Barrow et al. (2009) find that students randomly assigned to computer-aided
instruction using an algebra program largely improve on algebra test scores compared to
the students receiving traditional instruction. Also, Muralidharan et al. (2019) show that
well-designed, technology-aided instruction programs sharply improve test scores in
middle-school grades [5]. Finally, Fryer (2013) set an experiment where a treated group of
students were provided with free mobile phones where they received daily information
about human capital and future outcomes, while the control group did not receive this
information. Results show that although students in the treated group did not improve
attendance, behavioral incidents or test scores, they reported being more focused and
working harder in school. Cho et al. (2018) offer a meta-analysis looking at the effect of
mobile devices on student achievement in language learning in primary, secondary and
post-secondary education. They find a positive effect of using mobile devices on language
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acquisition and language-learning achievement and, thus, conclude that the use of mobile
devices could facilitate language learning.

However, even if mobile phones are used to structured activities, allowing them in
schools opens the door to be used for recreational purposes as well, thus generating
distraction. In fact, according to research in computer science and educational studies, the
detrimental effects of mobile phones in schools are explained because multi-tasking or task-
switching decrease learning (Jacobsen and Forste, 2011; Junco and Cotten, 2011, 2012; Rosen
et al., 2013; Wood et al., 2012). For example, notifications on the smartphone are a constant
distraction limiting students’ attention during class and/or study time (Junco and Cotten,
2012). Besides, the desire to continuously interact with the rest of the world may lead to a
level of concentration that is lower than needed to achieve a good study performance (Chen
and Yan, 2016) [6]. Finally, unmotivated students have a great temptation at their fingertips
to switch off from the lesson and play games, surfing the internet or use social networks
(Hawi and Samaha, 2016). Some experimental papers present additional evidence pointing in
this direction (Wood et al., 2012; Kuznekoff and Titsworth, 2013; Levine et al., 2013; Amez
and Baert, 2020, for a survey of papers published in this field).

Recent direct evidence on the causal effects of banning mobile phones policies on
academic outcomes are provided by Beland and Murphy (2016), Kessel et al. (2020) and
Abrahamsson (2020). Beland and Murphy (2016) investigate the impact of banning mobile
phone use in schools on student academic results using a sample of 91 schools in four
English cities. In particular, they analyze the gains in test scores across and within schools
before and after mobile phones bans were introduced, and find positive effects of banning
the use of mobile phones on such academic results. Kessel et al. (2020) replicate the same
study with data for Sweden but, contrary to Beland and Murphy (2016), do not find any
significant effect of the ban on students’ academic performance. Abrahamsson (2020)
studies the effect of banning smartphones in the classroom on students’ educational
outcomes in Norwegian middle schools, and shows that the banning policies significantly
increased girls’ grade point average and increased their likelihood of attending an academic
high school track. Interestingly, the magnitude of her estimates is larger among low-ability
students and students from low socioeconomic backgrounds.

Research on the relationship between the use of mobile phones in schools and bullying is
even scarcer. A possible explanation for this lack of studies is the difficulty in obtaining reliable
data on bullying cases. The link between mobile phones in schools and bullying is very
intuitive: given that cyberbullying already represents 20% of bullying cases (Cook, 2020) and
that smartphones are one of the main conduits for cyberbullying among children (Adams,
2019), the removal of the instrument should be expected to influence the number of bullying
cases. In spite of the scarcity of research on this topic, the analysis of the possible actions that
may control bullying is of primary importance, given the severe and long-term consequences
for those suffering it as a child or teenager in the form of psychological and emotional health,
education and future earnings (Drydakis, 2014). To the best of the authors knowledge, the
paper by Abrahamsson (2020) is the unique reference in the literature that carries out a causal
analysis of the link between banning mobile phones at schools and bullying. This author finds
that banning mobiles phones have the potential to reduce school bullying amongmiddle-school
students. Further, and interestingly enough, she finds that the policy is effective only when it is
implemented as a clear prohibition to bring the device (mobile phone) into school.

As mentioned before, other studies have already looked at the effect of banning mobile
phones in schools on student achievements using micro data. Unfortunately, we do not have
data at such a disaggregated level. However, with the data we have and the techniques we use
in our analysis, we can still provide suggestive evidence on whether a regional-level policy can
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have effects on our variables of interest. Therefore, one of the contributions of our paper is
offering a new perspective by looking at differences between regions rather than differences
across schools and students. By using the PISA assessments, which are homogenous across
regions, we avoid all the possible concerns about different exams in different schools and the
self-selection of students in certain schools. One more novelty of our study is that we are able to
check the bullying effects in different age groups: under-12, 12–14 and from 15–17years old.
Given that among children under 12 years old the use of mobile phones is not extended yet in
Spain, we do not expect significant results for the under-12 group. Thus, results for this age
groupmay serve as a placebo check in our analysis below [7].

Thus, our paper contributes by highlighting the potential effects of a non-spending-based
policy on the educational attainment of middle-school students. In addition, our analysis also
addresses the potential effects of these policies in enhancing the school social environment, an
indirect though potentially relevant factor affecting educational outcomes. The policy analyzed
in this paper is a timely issue of primary relevance looking ahead on a future where technology
will dominate the workplace, and everything will be connected and data-driven.

To anticipate our results, we find that, after less than three years since the mobile phones
ban was in force (from 2015 to 2017), students’ PISA scores in Galicia improved by around 10
points in maths and 12 points in sciences as compared to a synthetic Galicia that had followed
exactly the same trend in these scores before the intervention. Following Woessmann (2016),
these estimated effects are equivalent to 0.6–0.8 years of learning in maths and around 0.72 to
near oneyear of learning in sciences. Jointly with this, bullying incidence fell by around 9.5% to
18% over its pre-intervention levels among teenagers in the treated regions.

It is worth mentioning that the prohibition policy analyzed here was not a categorical
prohibition since it allowed devices to be used inside the schools as a learning tool for
educational purposes. Could it be the case that Galicia and CLM decided to use the devices in
this direction to a larger extent since the year 2015? According to the INE [8], this does not
seem to have been the case: the percentage of secondary schools that allowed students to
use mobile devices with educational purposes during 2016/2017 (first year with available
information) were around 33% and 36% for Galicia and CLM, respectively, while the
national average was 34%. Unfortunately, we do not have information on whether these
schools ended up using mobile phones with educational purposes or not or to what extent.

Even if the policy was not a categorical prohibition, it certainly provides the legal coverage
for centers and instructors to effectively limit students’ misbehaviors in educational centers.
From this perspective, it seems sensible to assume that the percentage of educational centers/
teachers controlling the use of mobile phones have been clearly higher in the regions with and
after the policy. In any case, our estimates have to be framed within the limitation of the
available information, and taken not as a response to the prohibition of mobile phones per se
but, instead, to the enforcement of usingmobile phones for learning purposes only.

The rest of the paper is organized as follows. Section 2 provides a description of the
materials and methods used in this paper. Section 3 presents the results, and finally, Section
4 concludes and discusses our main results.

2. Data and methods
2.1 Region-year panel data
Spain is administratively organized in 17 regions (NUTS-2 regions, in the Eurostat’s
classification, referred to as “Comunidades Aut�onomas” in Spain). The regional
governments are autonomous, among other aspects, to decide upon the regulation and
administration of education in all its extension, levels and grades [9]. On this base, two
Spanish Regional Governments (CLM and Galicia) passed laws to ban in all the educational
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centers of primary and secondary stages the use of mobile phones by students as of
2015 [10]. In the rest of the regions, the use of mobile phones is unregulated, in most of the
cases allowing each school to decide upon the use of mobile phones [11]. To conduct the
analysis, we create a region-level panel using official sources of data for all the 17-Spanish
regions before and after the mobile phones-ban, with the exceptions that we comment below.
We set the year 2015 as the first year where the intervention could have had an effect on our
outcome variables [12].

For the analysis of academic outcomes, we use the scores obtained by Spanish school
students in the PISA installments from 2006 to 2018 [13]. We use in total five PISA
assessments, corresponding to years 2006, 2009, 2012, 2015 and 2018. We attribute the
scoring of every PISA assessment to the academic achievement of students developed up to
the previous year. For instance, the results of PISA-2018 are considered to measure the
academic competencies acquired by students up to the year 2017 (included). In accordance
with this, we lag the PISA scores of a given call one year. After this, we construct a yearly
time series of PISA scores interpolating the scores from one PISA wave to the next, under
the assumption that the improvement or the decline in academic competencies evaluated by
PISA occurs gradually between each pair of consecutive assessments [14]. We finally use in
the analysis the series of constructed scores spanning 2006–2017. Unfortunately, the CLM
region did not participate in two out of the five PISA installments (2006 and 2012), so that
the series of academic results constructed for this region present limitations when it comes
to track their temporal evolution. Thus, we will take with special caution the analysis of
academic results in the case of the CLM region [15].

For the analysis of bullying, we use the information provided by the Spanish Ministry of
Education in 2018 about officially reported cases of school bullying from 2012 to 2017. This
data was requested in 2018 by the Spanish Ministry of Education to the Spanish national
and local police forces to respond a specific query about this social problem made in the
parliament [16]. The regions of Cataluña and País Vasco did not report this information, and,
for this reason, these two regions are not included in our analysis of bullying. The cases
were reported separately for four age intervals, namely, school students 6–8, 9–11, 12–14
and 15–17 years-old. We define three age groups for our analysis below: on the one hand,
primary schools students (under-12 years old), and, on the other hand, secondary school
students, distinguishing in this case the two age groups mentioned. For each of these age
intervals, we construct the number of cases for every 10,000 school students of that age [17].

Finally, we construct three additional covariates, with across region and yearly variation, to
be used in the SCM and DID estimation. The first variable is the percentage of children over 10
owning a mobile phone [18]. This variable aims at capturing the extent to which the use of
mobile phones, in or out of schools, is generalized among the children of a region and year.
Second, we construct series of public real spending (excluding the financial component [19]) on
education in the primary and secondary stages of education per school-student [20]. This
variable tries to capture changes in academic results or bullying that might respond to
differences in the regional level of investments in education. Finally, we also construct series of
households’ per capita real disposable income for each region-year [21]. Nominal variables are
deflated using CPI indexes at the region-year level.

Figure 1 and Table 1 show the relative standing of the two treated regions, Galicia and
CLM, in the Spanish economy in terms of households’ real income per capita, public
spending per student on education by region and percentages of children and adolescents
who use mobile phones. The period represented in the maps spans 2012–2017. In Figure 1,
the regions have been classified into four quartiles of the distribution of the variable in the
heading of each map. Sorting income in decreasing order, the region of CLM lies within the
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Figure 1.
Households’ income,
public spending on

education and
percentage of mobile
users among children

and adolescents
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fourth quartile, that is, among the poorest Spanish regions, while Galicia lies within the third
quartile in this ranking. Further, as can be seen in Table 1, income levels have remained
quite stable both in the treated and in the untreated regions, and also over the six years
period around the implementation of the policy (2012–2017).

In terms of educational public spending, CLM also lies within the last quartile, while
Galicia seems to have made a considerable effort during this period in terms of educational
spending on primary and secondary education, given that the region is in the first quartile in
terms of this type of spending per student. It is unlikely that the income levels of Galicia
unless they appreciably start increasing, could sustain in time such levels of educational
public spending. Table 1 shows that these levels of Galician public spending on primary and
secondary education have increased over the period as much as in the rest of regions in
Spain. In any case, to reassure that these differences do not confound our results of interest,
we partial out the effect of public educational spending in our estimations below.

Finally, and as regard the use of mobile phones in the regions, the main conclusion we
draw is that contrary to what could be expected, income not always correlates positively
with mobile phones’ usage. For instance, the region of Extremadura (on the South-West
limiting with Portugal) is among the poorest regions in Spain while also among the regions
with the most intense usage of mobile phones. The treated regions, Galicia and CLM, lie
within the second quartile in this classification. Table 1 further shows that these
percentages have been increasing in time and, apparently, at comparable rates in all the
Spanish regions.

Next, Figures 2 and 3 display the sample distribution across regions of our two outcomes
of interest, namely, PISA scores and bullying incidence, before and after the mobile phones
ban. The PISA scale is standardized to have a mean of 500 and a standard deviation, SD, of
100 among all students in OECD countries (this standardization was done in 2003 in maths

Table 1.
Descriptives on the
control variables

Years 2012–2017
Before 2015 After 2015 Difference

Mean SD Mean SD in means

Income per person
Galicia region 9.225 0.015 9.247 0.017 0.022
CLM region 9.047 0.033 9.068 0.024 0.021
Rest (15 regions)
Public spending in education

9.261 0.187 9.286 0.179 0.024

Galicia region 7.400 0.185 7.619 0.164 0.219
CLM region 5.656 0.276 5.791 0.081 0.134
Rest (15 regions)
Mobile users (%)a

6.872 1.570 7.086 1.477 0.241

Galicia region 65.91 4.38 68.50 1.90 2.58
CLM region 66.85 7.86 70.50 2.95 3.64
Rest (15 regions) 65.78 6.02 69.37 5.56 3.62

Notes: Income per person: (log of) households’ per capita real disposable income (Source: INE, Contabilidad
regional de los hogares.); Mobile users (%): percentage of children over 10 years old owning a mobile
(Source: INE, Encuesta sobre equipamiento y uso de tecnologías de informaci�on y comunicaci�on en los
hogares). Public spending on education: public real spending (excluding the annual financial envelope) on
education in the primary and secondary stages of education per school-student (Source: own elaboration
from INE, Estadística de gasto público en educaci�on, EDUCAbase). All variables are at the region-year level;
nominal variables are deflated using CPI indexes at the region-year levela. Mobile users’ figures refer to the
period 2006 (when they started to appear) to 2017
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and in 2006 in sciences). Figure 2 shows that, as compared to previous PISA installments
(from 2006 to 2015), the scores obtained by Spanish students in PISA-2018 remained quite
stable on average in maths, while in science the average Spanish score diminished by
around five points (in our sample, average scores changed from 488.6 to 487.2 in maths and
from 494.7 to 489.8 in sciences, before and after the year 2015, respectively). Galicia and
CLM are among the regions that improved their position in the Spanish regional ranking
with respect to their scores in previous PISA installments.

Figure 3 displays, on the left, the statistics for primary school students under-12 years
old and, on the right, those corresponding to children and teenagers who are mobile phones
users (12–17 years old). A first observation is that, as expected, reported cases of bullying
are much less frequent among the smaller children. In our data, average bullying incidence
is 10 times smaller among under-12 children than among 12–17 years old teenagers. Second,
we observe in both cases that the officially reported cases of bullying remained quite stable
over the period of analysis; if anything, they slightly increased in the under-12 group
(averages of 0.38 before 2015 and 0.48 after 2015 for the under-12 group; averages of 3.90
and 3.93 for the older groups; vertical lines in the graphs indicate the sample averages). The
right-hand side panel also shows that both Galicia and CLM overpassed by more the
average line before 2015 than after that year.

At this descriptive level, however, we cannot discern to what extent the observed
changes can be attributed to the mobile phones ban. Differences in (out of school) mobile
phone use among children across regions and over time, in income levels or in educational

Figure 2.
PISA Scores in maths

and sciences from
2006 to 2018
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expenditures, for instance, are not controlled in the figures. In the next section, we describe
the empirical strategy that we follow to identify the impact of the mobile phones ban.

2.2 Synthetic control method
For the analysis of academic outcomes, we focus specially in the case of Galicia, for which
we count on a complete time series of observations (PISA scores in maths and sciences from
2006 to 2017). Our identification strategy relies primarily on the application of the SCM
(Abadie and Gardeaz�abal, 2003; Abadie et al., 2010). The SCM is a statistical technique that
has been specially designed to estimate the effects of events or policy interventions that take
place at the aggregate level and affect to a small number of large units, such as cities,
regions or countries. Thus, it constitutes one of the causal-identifying methods best suited to
be applied to our sample data of regions [22].

The idea behind the SCM strategy is that the effect of an intervention can be measured
through a comparison between the evolution of the outcome variable of interest in the unit
affected by the policy intervention and a group of units similar to the treated unit that have
not been treated. The main requirement to apply this methodology is that the evolution of
the outcome variable for treated and untreated units can be properly tracked during the pre-
intervention period. Two of the advantages of this methodology are, first, that it only
requires data on an aggregate level (Abadie et al., 2010) and, second, that it solves the
arbitrariness in the choice of the control units typically affecting comparative-case studies.

Figure 3.
Cases of bullying per
10,000 individuals in
each age-interval
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Instead, the SCM conducts a formalized data-driven procedure that constructs a weighted
combination of a small number of unaffected units, taken from the set of potential controls
or donor pool, as themost appropriate unit of comparison [23].

In the SCM, the counterfactual outcome YN
it is estimated as the outcome corresponding to

that synthetic unit. More formally, considering (Jþ 1) regions, with (J= 1) being the treated one,
the synthetic control is constructed from a (J � 1) vector of weights, W = (w2, [. . .], wJþ1)’ that
allows us to define the estimators forYN

it and for the effect on the treated unit t it as follows:

cYN
jt ¼

XJþ1

j¼2

v jtYjt (1)

ct 1t ¼ cYN
jt �

XJþ1

j¼2

v jtYjt (2)

where the weights are restricted to be non-negative and to sum to one.
To apply the SCM, we need a set of k potential predictors of the pre-intervention outcome

trends. As such predictors, we use past values of the own outcome of interest plus the
covariates defined above (percentage of children using mobile phones, public spending on
education and disposable real income per capita). The method uses a weighting-matrix, V,
that contains the relative importance of each of the k predictors in constructing the synthetic
control. The main challenge of the method is how to find the optimal weighting matricesW
and V. We follow Abadie et al. (2010), who propose choosing the V that minimizes the root
mean squared prediction error (RMSPE) of the pre-intervention outcome between the treated
unit and the control unit. Then, W, which is a function of V, is picked to minimize the
RMSPE of the predictor variables for a givenV.

Below, after the SCM estimation and to evaluate the significance of our estimates, we
report standardized p-values constructed from the distribution of placebo or permutation
tests following Abadie et al. (2010). This is done by estimating the same model on each
untreated unit with the same intervention years and period and removing the actual treated
unit from the potential donor pool of these other units. These are non-parametric exact tests,
which have the advantage of not imposing any distribution on the errors. If the effect of the
intervention on the treated unit is significant (not observed by chance), we should observe
that the probability of finding comparable estimated effects in other units is very low
(Galiani and Quistorff, 2017, for further details).

Unfortunately, the available data for CLM does not allow us to trace out a fully reliable
series of PISA assessments since students of this region did not participate in the PISA
installments of the years 2006 and 2012. This prevents us from making a reliable pre-trend
analysis for the CLM case. Thus, we do not apply the SCM to this case, although we will
provide some evidence based on a DID regression for this region.

2.3 Difference-in-differences analysis
After the SCM, we apply DID analysis to the PISA scores of Galicia for the sake of comparison
with the SCM and to the PISA scores of CLM. In the case of the bullying data, where the pre-
sample period is not long enough to apply the SCM, we also conduct DID estimation.

The DID equation can be written as follows:
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Yit ¼ a þ bPostt � Di þ gxit þ d i þ t t þ uit (3)

where subscripts i and t denote the region and year, respectively. The dependent variable,
Yit, is our outcome of interest in each case, either students’ PISA scores or officially reported
cases of bullying. Postt is a dummy-step variable taking on value 1 for the year of
implementation and subsequent years (2015–2017); Di is a dummy variable for the treated
region, capturing time-constant differences between it and the rest of regions if any. Vector
Xit contains three covariates, namely, the percentage of mobile phone usage by children in
the region-year, real public spending on education in primary and secondary education and
region-year per capita real disposable income. Finally, d i stand for region-fixed effects (thus
absorbing time-constant differences between the treated region and the rest of regions), t t is
a full set of year dummies and uit stands for the iid error of the model. In equation (3), once
region-level specific differences, common year effects and other region-year differences in
covariates have been controlled for, parameter b identifies the treatment effect.

In the estimation below, we also show the results for an extended specification of
equation (3) where we add a term pret�1�Di:

Yit ¼ a þ b 0pret�1 � Di þ b 1Postt � Di þ gxit þ d i þ t t þ uit (4)

The added term is the product of a dummy variable taking on the value 1 for some pre-
intervention years times the dummy of the treated regions. In particular, we define pret�1 as
a dummy variable taking the value 1 for years 2012–2014 in our analysis of the PISA scores
(and 0 otherwise), and a dummy variable taking the value 1 for the year 2014 in our analysis
of bullying (and 0 otherwise). This term serves us to rule out the possibility that the
differences between the treated and the control regions started to appear prior to the ban. In
other words, the estimate of b 0 is expected to be non-significant for the DID estimation to be
a valid identification strategy.

The equations above are estimated for Galicia and CLM separately, and in the analysis of
bullying, we further estimate the model for the three mentioned age intervals: under-12,
12-14 and 15-17 years old school students.

3. Results
3.1 Impacts on academic performance
In Table 2 and Figure 4, we display the results for the SCM applied to Galicia. As already
mentioned, the SCM provides a systematic data-driven procedure to create the (weighted)
combination of regions that best resembles the actual Galicia before the implementation of
the mobile phones ban. The SCM constructs the synthetic Galicia for PISA results on maths
as a combination of Navarra (41.2%), Canarias (21.6%), La Rioja (14.4%), Extremadura
(12.8%) and Cataluña (10%); for the PISA results in sciences, it is a combination of Castilla–
Le�on (79%), Islas Baleares (17%) Cataluña (3%) and Madrid (1%). All the other regions in
the donor pool were assigned zero weights. The SCM estimation exhibits then sparcity in the
choice of regions to construct the counterfactual (Abadie, 2021), and also, as can be seen at
the bottom of Table 2, a close match between the pre- and post-intervention values of the
predictors and low pre-intervention prediction error (root of the mean square prediction
error, RMSPE, of around 0.4 for outcome variables that have average values of around 490).

Figure 4 permits us to visualize the almost perfect fit between the treated unit (Galicia)
and its synthetic counterpart in the pre-intervention period. However, after the ban, there is
a positive gap in favor of the Galicia region in both PISA indicators. In maths, this positive
gap seems to respond to a combination of increasing scores in the case of Galicia and
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somewhat decreasing scores in the synthetic Galicia (though these latter scores do not fall
below the pre-trend average values). In the case of sciences, the decline in the PISA results
exhibited in the synthetic Galicia is more noticeable. This decline in Spanish students’ PISA
scores in the past years, and particularly in the 2018-call, has been explicitly highlighted
(Stegmann, 2019). Further, this trend does not seem to be exclusive of the Spanish case. As
documented by Rowley et al. (2019) and contrary to expectations –in authors’ words–, few
countries significantly increased their PISA scores in recent years, and in many of the cases,
the change is indeed negative. If we had to think on a global common phenomenon affecting
young teenagers, the outbreak of the use of mobile phones would be a candidate. Further, in
the standard DID estimation applied to the PISA data that we offer below, we find that
regions with a higher percentage of teenagers’ mobile phones users have experienced, other
things equal, a larger and significant decline on PISA results in the past years. Thus, one of
the plausible explanations for the observed academic decline could be the intensification in
the use of mobile phones among the youngest and the distraction that they introduce in their
learning time. It follows that the control of their usage in school time might have allowed the
treated region to escape from such declining trend.

The estimated effects are of an order of magnitude of around 10.7 and 12.7 points on
maths and sciences, respectively, in the year 2017 (when the outcome takes the value of the
PISA assessment of 2018). In addition, the p-values derived from the placebo tests in the
SCM analysis indicate that for no other region, the SCM finds comparable results to the ones
obtained for the treated region. Given that the average of PISA scores for Spanish students
in maths and sciences are around 10–12 points below the international average of 500, the
magnitude of the estimated effects would imply catching up with the OECD mean in a

Table 2.
PISA. Synthetic

control method for
Galicia region

Period 2006–2017
Estimated treatment effects: Maths Sciences
lead 0 (2015) 2.963*** 3.429***
lead 1 (2016) 7.404*** 8.574***
lead 2 (2017) 10.676*** 12.731***
Donor Regions: Navarra (41.2%) Castilla–Le�on (79.0%)

Canarias (21.6%) Islas Baleares (17.0%)
La Rioja (14.4%) Cataluña (3.0%)
Extremadura (12.8%)
Cataluña (10.0%)

Madrid (1.0%)

Predictors’ values: Treated/Synthetic Treated/Synthetic
PISA 2006–2008 490.0/489.9 505.6/505.7
PISA 2008–2010 488.3/488.4 508.0/508.1
PISA 2010–2012 489.7/489.8 511.3/511.5
PISA 2012–2014 493.0/492.5 511.7/511.3
Mobiles 65.91/65.86 65.91/64.30
Educ pub spend (log) �8.50/�7.17 �8.51/�8.35
Income 9.25/9.36 9.25/9.34
RMSPE 0.409 0.411
PISA Pre-2015 mean 489 495
N. potential donors 15 15

Notes: PISA scores of each installment (every three years) are attributed to competencies acquired by
students up to the previous year. For instance, scores of PISA-2018 are attributed to 2017. The scores are
then interpolated between consecutive PISA installments. Each lead corresponds to the number of years
after the intervention. *** standardized p-values< 0.01 (Abadie et al., 2010). They reveal that no other
region in the donor pool exhibits such large estimated effects in the placebo checks
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relatively short period of time. To evaluate further the magnitude of these effects, we can
consider that, as a rule of thumb, the average student learning in a year is between one-
quarter and one-third of a SD of the PISA scale, that is, around 25–30 points on the scale
(Woessmann, 2016). According to this, our estimated effects are equivalent to 0.6–0.8 years
of learning in maths and around 0.72 to near one year of learning in sciences. On top of that,
the economic consequences of these improvements are potentially very relevant. According
to the OECD Report-2010 on the long-run impact of improving PISA outcomes (Hanushek
and Woessmann, 2010), a modest goal of having all OECD countries boost their average
PISA scores by 25 points over the next 20 years would imply an aggregate gain of OECD
gross domestic product (GDP) of US$115tn over the lifetime of the generation born in 2010
(p. 8).

Next, Table 3 displays the estimation results of the DID methodology both for Galicia
and for CLM. For the sake of brevity, we only present, in this case, the results corresponding
to specification (4). All columns in Table 3 include the full set of covariates also used above,
namely, the share of children who have a mobile phone in the region-year, educational public
spending and per capita real disposable income of the region-year. A first observation for
the Galicia region, Columns (1) and (2), is that there is no evidence of pre-treatment
differences in the PISA scores. That is, prior to the mobile phones ban, Galicia did not

Figure 4.
Synthetic control
method results for
PISA assessments in
maths and sciences in
the region of Galicia

AEA
30,90

166



display any significant difference in their students’ results in the PISA assessments with
respect to the rest of the regions in Spain. However, on average, over the after-ban period,
the academic results in maths increased by more than 6 points in maths and by more than 8
points in sciences. These are improvements of around 0.5 times the standard deviation of the
scores for all regions-years prior to the treatment, and more than four times and three times,
respectively, the standard deviation of this region’ results from 2006 to 2015. The estimated
magnitude of the effects, which are average estimates over the three-year period after the
ban, are broadly comparable to those obtained with the SCM: if we average our SCM
estimates in Table 2 over the three years post-intervention, we would obtain values of
around 7.01 and 8.2 for maths and sciences, respectively. Thus, our results are broadly
robust across the two estimation methods.

The results for the CLM region are less conclusive. On the one hand, we estimate positive
post-ban effects in both maths and sciences, what would be suggesting some improvement
in academic results from 2015 to 2018. However, the estimated effects do not render
statistical significance in the case of maths, and the pre-intervention dummy turns out to be
statistically significant both in maths and in sciences. Thus, we cannot discern which part of
the observed changes does not respond really to a changing trend already initiated before
the policy. In any case, the pre-trend dummy for CLM (with PISA scores not available for
2012) does not capture the change in 2015 over 2012 but over six years before, the year 2009.
If scores had been stable between 2012 and 2015, no concern would arise on the estimated
treatment effect, but we cannot observe this. Our conclusion is that, although the data for
CLM also suggest positive effects of the policy, these should be interpreted with caution due
to the data limitations.

Interestingly enough, and as mentioned above, the results also suggest that, beyond the
in-school use of mobile phones, a higher percentage of children using mobile phones in the
region is negatively associated to their academic results. This result would be pointing

Table 3.
PISA Scores. Diff-in-
diff analysis. Years

2006–2017

Treated region: Galicia Treated region: CLM
(1a) (1b) (2a) (2b)

Maths Sciences Maths Sciences

Treated region �0.302 (7.037) �0.725 (9.360) �6.760 (13.667) 2.785 (11.738)
Pre� treateda 0.859 (2.361) 3.706 (3.542) 5.024*** (1.291) 10.952*** (1.176)
Post� treatedb 6.371** (2.657) 8.395* (4.294) 1.983 (1.984) 11.623*** (2.075)
Mobile users (%) �0.277** (0.114) �0.431** (0.150) �0.297** (0.130) �0.208 (0.143)
Educ pub spend 2.982** (1.129) �0.971 (2.804) 2.774** (1.134) 0.770 (0.800)
Income 31.589 (21.754) �11.493 (31.598) 26.122 (29.522) 32.760 (24.661)
Constant 487.802*** (9.705) 502.094*** (12.054) 490.704*** (13.943) 476.012*** (11.941)
Year effects Yes Yes Yes Yes
Region effects Yes Yes Yes Yes
Observations 192 192 192 192
N Regions 16 16 16 16
R-squared 0.938 0.903 0.938 0.914
Pre-treatment
avg (treated region) 491 509 483 481

Note: Robust clustered (by region) standard errors in parentheses. *p< 0.10, **p< 0.05 and ***p< 0.01.
aPre� treated: treated region in the latest years previous to the treatment (2012, 2013, 2014); if significant, it
indicates non-parallel pre-trends. bPost � treated: treated region in years after the treatment (2015 to 2017).
All the regressions are weighted by the population of each region, year and age-interval. Quantitative
covariates are centered with respect to the annual mean of the variable
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towards a negative impact of mobile phone use on academic results, which have
implications for further advances on academic achievement given the rising worldwide
trends in such use by youngsters. On the other hand, our results point out to a positive
impact of educational public spending on the academic performance of students in the PISA
assessments on maths. Once all these controls are included in the regressions, no significant
effects are found for the region-year levels of per capita real disposable income.

3.2 Impacts on bullying
Tables 4 and 5 display the estimated impacts of the mobile phone ban on officially reported
cases of bullying for Galicia and CLM, respectively. For both treated regions, we show the
impact for each age interval. A first result to notice is that for the under-12 years-old
interval, we find no significant treatment effects in neither case. Given that the use of mobile
phones is not generalized among children under 12, we can, in fact, take these results as
placebo or falsification checks (the mobile phones ban had not any impact on non-mobile
phones users). For school students 12–14 and 15–17 years old the picture is different. In
these cases, and both taking as case study either Galicia or CLM, the results point to a
reduction in bullying after the mobile phones ban. Taking into account the pre-ban average
values of bullying in each age interval, the estimated impacts would account for significant
reductions of around 15% to 18% among 12–14 years old students for Galicia and CLM,
respectively, and by around 18% to 9.5% among 15–17 years old teenagers for Galicia and
CLM, respectively.

The pre-trend effects are not statistically significant in any of the age intervals, not even
of the same sign that the treatment estimated effect in the two older age intervals. Thus, the
estimated effects cannot be attributed to differences between the treated and the control
regions already initiated prior to the treatment.

In the bottom part of Tables 4 and 5, we further display the results of a series of placebo
checks. We estimate the same model on each untreated unit (13 regions) with the same
intervention year and pre- and post-periods, and removing the actual treated unit from the
control group. In the table, we report the number of regions other than the treated region for
which we estimate a negative and significant treatment effect with no significant estimates
for the term pret�1 � Di. Only in 1 out of the 13 cases we obtain a negative and significant
effect post-intervention. Then, this would point to a probability of 0.076 of finding by chance
a comparable result [24]. In addition, the region that turns out to show a significant effect is a
different one in each of the age intervals, that is, no region other than the treated ones show
significant effects in the two age intervals for which we find them. This suggests that the
(scarce) findings in the placebo analysis are more likely to have been found by chance than
the estimated effects for Galicia and CLM. Due to the short length of the estimation sample,
our DID results here should be taken with caution as suggestive evidence, with further
investigation in this issue needed [25].

4. Conclusions
Our paper highlights the potential effects of a regional-level non-spending-based policy on a
fundamental driver of development, such as the skills in maths and sciences of middle-
school students. Our analysis also addresses the potential effects of these policies on
bullying incidence, a phenomenon of increasing interest that affects not only educational
outcomes but also the social environment among teenagers. The study is focused on two
low-wealth regions, which have more limited opportunities to rely on large and sustained
levels of educational spending. Alternative policy interventions, affecting complementary
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aspects of the educational system such as the policy analyzed here, are thus of particular
interest in these cases.

The implementation of this policy in the two mentioned regions in 2015 constitutes a
quasi-natural experiment that we exploit to conduct a comparative-case analysis based on
the SCM and DID regressions. In particular, we have compared regional PISA scores in
maths and sciences and officially reported cases of bullying in the treated and the untreated
regions before and after the policy took place. We find that, during the less than three years
that the mobile phones ban was in force (from 2015 to 2017), students’ scores in Galicia
improved by around 10 points in maths and 12 points in sciences as compared to a synthetic
Galicia that had followed exactly the same trend in these scores before the intervention. We
additionally find that bullying incidence fell by around 15% to 18% among 12–14 years old
students for Galicia and CLM, respectively, and by around 18% to 9.5% among 15–17 years
old teenagers for Galicia and CLM, respectively.

Our estimated effects in terms of PISA scores for Galicia are equivalent to 0.6–0.8 years
of learning in maths and around 0.72 to near one year of learning in sciences, following
Woessmann (2016). The economic consequences of these improvements are potentially very
relevant. According to simulations in the OECD Report-2010 on the high costs of low
academic performance (Hanushek and Woessmann, 2010), improvements in PISA scores
would translate into long-run growth of economies with “implications for the OECD
countries as a whole (that) are dramatic” (p. 29).

The policy analyzed in this paper is a timely issue of primary relevance looking ahead on
a future where technology will dominate the workplace and everything will be connected
and data-driven. This type of policy, as well as similar interventions aimed at reorienting
and enhancing the use that the youngest make of the new technologies become a valuable
tool that should be evaluated by countries and regions as a mean to contribute to their
growth and development.

Although our results are robust to different interpolation strategies in the PISA data
series, to changes in the estimation method (SCM or DID) and all they pass a wide set of
placebo checks, [26] there are some limitations in the paper that advise us to interpret our
findings as suggestive evidence. The first refers to the aggregate nature of the data and, in
part as a consequence of this, the modest size of the data samples used in estimation. Thus,
replicating this work with longer series of data or finer regional disaggregation would be of
most interest for future research. The second derives from the fact that the regulation is not
a categorical prohibition of mobile phones in schools but, instead, it gives flexibility to the
institutions that want to use mobile phones as a learning tool only. Unfortunately, we lack
information on the extent to which schools in the treated regions intensified the use of
mobile phones as a learning tool after the policy intervention. Hence, the achievement gains
found in this paper should be understood not as much as a result of the prohibition of mobile
phones per se but as a result of the enforcement of using mobile phones for learning
purposes only. Even with these limitations, our findings are suggestive of the potential
beneficial effects of such a cheap policy.

Notes

1. This paper is based on our previous work Beneito and Vicente-Chirivella (2020).

2. The Government of the Madrid region announced mobile phone bans in schools for the academic
year 2020–2021.

3. Lepp et al. (2014) provide some evidence for college students.
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4. Fiorini (2010), Fairlie (2005) and Malamud and Pop-Eleches (2011) find large positive effects
of home computers on educational outcomes, while Woessmann and Fuchs (2004) and Vigdor
et al. (2014) find evidence of negative effects of home computers on educational outcomes.
Fairlie and Robinson (2013) do not find significant effects of owning a computer on any
educational outcome.

5. Additional complementary uses of mobile technology in education have been studied, for
instance, by Bergman (2021), who shows that providing information via text message, phone
calls or e-mails to parents about their children’s academic progress, produce gains to student
effort and achievements.

6. The need not to miss out what is happening in internet has been labeled as FOMO, “fear of
missing out.”

7. In Spain the primary education goes from 6–11 years old. When children are 12, they change
the stage and start the secondary education, in most of the cases moving to another
educational center. According to official data from the National Statistics Office, INE, around
30% of children between 10 and 12-years-old have mobile phones, while around 64% of them
have it at the age of 12.

8. Estadística de la Sociedad de la Informaci�on y la Comunicaci�on en los Centros Educativos No
Universitarios.

9. The contrast between the competencies of the central government and those of the regional
governments in Spain, as well as the conflicts that frequently arise between them, has been
highlighted by Harguindéguy et al. (2020).

10. Castilla La Mancha, Law 5/2014 of October 9, 2014; Galicia, Decree 17, 2015/1/27 of January 8,
2015).

11. For a summary of schools’ practices as regard the use of mobile phones in Spanish
regions, available at: www.abc.es/familia/educacion/abci-regula-movil-colegios-cada-
comunidad-autonoma-202001131534_noticia.html, last accessed 9 September 2021.

12. The autonomous cities of Ceuta and Melilla in the South, are excluded from our analysis due to
its special conditions and anomalous data observed in some of the indicators used in the paper.

13. The Programme for International Student Assessment (PISA), entered by the OECD in 2000,
evaluates the competencies of representative samples of 15-year-old students every three
years.

14. In preliminary work, we implemented different interpolation strategies. These are: cubic-spline
interpolation; and no interpolation at all. The results with these two alternatives confirm a strong
robustness of the results that will be presented below, both in quantitative terms and in terms of
statistical significance. These results are available upon request.

15. The participation of students in the PISA installments is not compulsory but decided by each
government. In Spain, each regional government decides on the participation of their
students.

16. In our data set, we only have information about the bullying cases directly reported to the police
by a family member of a bullied child. Ideally, it would have been much more desirable that each
school had collected all the bullying incidents and then reported it to police forces. In this way, we
would have had a more accurate picture of all types of bullying instead of only about particularly
aggressive bullying incidents. We are very grateful to an anonymous referee for bringing this
point to our attention.

17. INE, Cifras de poblaci�on y censos detallados.

18. INE, Encuesta sobre equipamiento y uso de tecnologías de la informaci�on y comunicaci�on en los hogares.
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19. The financial component includes financial expenses, financial assets and financial liabilities.
Some of the expenses included here are interest on debts, expenses for cancellation of debts,
default interest and other financial expenses.

20. INE, Estadística de gasto público en educaci�on, EDUCAbase.

21. INE, Contabilidad regional de los hogares.

22. As evidence of the suitability of the SCM for our type of data, it is worth mentioning that in the
seminal paper of Abadie and Gardeaz�abal (2003), the authors first applied this method to region-
year level data of the 17 Spanish autonomous regions, in their case to analyze the economic costs
of conflict in the Basque Country in terms of GDP.

23. For a discussion of the data requirements and advantages of the SCM, see Abadie (2021).

24. Also, in the placebo findings, the estimated impacts are of smaller size than the estimated ones
for Galicia and CLM (results are available upon request).

25. As an additional procedure to check for robustness and pre-trend differences, we also selected a
“fake” year (2012) to replicate all the estimations. Our estimated results with that fake
intervention year rendered no treatment effects for bullying, no effects for PISA results in the
case of Galicia and no effects in the SCM for Galicia. In the case of the DID analysis for PISA
scores in the region of CLM, coherently with the original findings, the data exhibited pre-
treatment effects. These results are available upon request.

26. See footnotes 13 and 24.
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