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Abstract

The aim of this paper is to study the effect of {&Tated teaching practices on student achievement.
We match data on standardized tests' measurestofridle student performance with a unique
student-teacher data-set containing a wide rantf@Tofelated variables on both ICT knowledge and
ICT using teaching practices. Within-student betwsebject estimates show that ICT-related
teaching practices increase student performantieeif help the teacher to get further material to
prepare his/her lectures or if they channel thestrassion of teaching material or are used to aswe
students awareness in ICT use. We also find aipegitfect of ICT using communication-enhancing
practices. Instead, a negative effect is found doypractices requiring a more active role of the
students in class in using ICT.
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1. Introduction

National and local government programs for Infoioraind Communications Technologies (ICT)
in schools have been adopted in many countridsereist two decades with the aim of guaranteeing
extensive access to ICT. In nearly all countriegpas within the ICT education strategies are &ad
mainly from the public budget. Budgets are alloddietween equipment and human resources, but
purchase and maintenance of equipment and fasilitia’e often taken precedence in expenditure
(Eurydice, 2011).

Major investment amounts over the past 20 years hesught ICT into nearly all schools in the most
advanced OECD countries. In 2009 97% of the teadhgoublic elementary and secondary schools
in the USA had one or more computers located itlkigesroom every day (93% of them with Internet
access) and the ratio of students to computetsiclassroom was 5.3 to 1 (Gray et al 2010). In the
same year, in Europe at least 75 % of the studhetshe availability of one computer for up to four
students, and inequality in ICT availability betweszhools have reduced a lot (Eurydice, 2011). The
latest EU-survey on ICT in schools confirms thal Ikas become more pervasive: in the 2011-12
school year, there were around twice as many caenpyier 100 students in secondary schools as
compared with 2006. The share of schools with webse-mail for both teachers and students and a
local area network has been steadily increasinglitevels of education (European Commission,
2013).

In view of the large public outlays for ICT in salle in many countries, there has been an increasing
literature trying to identify the effect of ICT athool, for instance classroom computers, use of
specific software or internet access availabilitly,learning. While a consensual agreement has not
been reached, most studies find either little oefiect. As regards the effect of ICT funding and
computer availability at school, Machin et al (2D0&kploiting a change in the rules governing ICT
funding across different school districts of Englafind a positive impact on primary school
students’ performance in English and science, thowgj for mathematics. Campione et al. (2015)
present a counterfactual evaluation of the efféatesources allocated for purchasing ICT school
equipment on ltalian'®grade students achievement. Despite the subdtantaomic investment
(around 1500 Euros per student over a three yead)eresults are very small and the authors
conclude that the intervention has been far frommdgeost effective. Barrera-Osorio and Linden
(2009) present the evaluation of a program aimmgntegrate computers into the teaching of
language in Colombian public schools. Overall, inegram seems to have had little effect on
students’ test scores and other outcomes. Cristih €2012), using data from primary schools in

rural Peru, analyze the impact of a large-scaldoamnzed evaluation of the “One Laptop per Child”



(OLPC) program. They find no evidence of effectsest scores in math and language while some
positive effects are found in general cognitivelski

A few studies have looked, among ICT related tesglgractices, at the role of computer-aided
instruction (CAl), namely the use of computersaach things. These studies in general use a simple
dichotomous variable capturing the usage of CAlgist and Lavy (2002) find that computer aided
instruction (i.e. computer software or instructibo@amputer programs) does not appear to have had
educational benefits that translated into highstrdeores. Rouse and Krueger (2004) show that there
is no effect on language acquisition or on acteatimgs skills of an instructional computer program
designed to improve language and reading skill8bfand &' grade students having difficulty
learning to read. Few papers find positive effeBexrrow et al. (2009) find that students randomly
assigned to computer-aided instruction score saamfly higher on a pre-algebra and algebra test
than students randomly assigned to traditionalrustibn. Banerjee et al. (2007) find that the
introduction of a computer-assisted learning progfacusing on math for children in gradé 4ad

a substantial positive effect on children’s matad®mic achievement, although one year after the
programs were over, initial gains weakened sigaiftty.

Altogether these findings seem to suggest thatu€d'is no better (and may even be less effective)
than other traditional teaching methods. A potérdgigplanation may be that the introduction of
computers may have displaced schools resourceslumatonal activities which, had they been
maintained, would have prevented a decline in stuaehievement. Another reason for the weakness
of the effects of ICT in schools may be the diffigun actually integrating ICT into the educatidna
practice. The availability of ICT related educatibrdevices (such as computer, software or
educational programs) is not enough to improveestudchievement, but it is the actual practice that
teachers make of these devices to make the differén other words, teachers are the key factor to
a successful introduction of ICT in schools. Exaet in other productive processes, the effect of
introducing a new technology depends on the kingsefthat is made of this latter and by the ability
to absorb and make use of this technology. Thetdean effective use of ICT in education is not
technology itself, but the actual practice of tesachnd teachers’ digital literacy, level of ICT Iiki
and understanding (OECD, 200%)n this perspective, Falck et al. (2015), usintadeom the 2011

L1n spite of the difficulty in defining a good tdwr, empirical evidence highlights the existencdraimatic differences
in teacher quality, also within schools, but thebHerences are not strictly correlated with obsée teacher
characteristics such as gender, race, experiemedermtials and training, which are instead hightyrelated with
teachers’ compensation (Dee, 2005 and 2007; Haku€82; Rivkin, Hanushek, and Kain 2005; Boyd e28D5; Kane,
Rockoff, and Staiger 2006). It has also been arghat while teacher quality measured by teachexdfieffect is
important for student achievement, its variationiven by factors that are difficult or almost iogsible to measure
(Rockoff 2004). However, identifying factors drigrthese differences is important in order to degiglicies aimed at
promoting teacher effectiveness. In the absenam$ensus regarding which teachers’ characteristipact most on
students’ achievement, teacher effectivenessén @valuated using students’ achievement gainsé\added approach).
This approach however presents a number of liroitat{see the discussion in Kane et. al 2010).
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Trends in International Math and Science Study (WIS}, show that the null effect of classroom
computer on student achievement is a combinatiopositive and negative effects of specific
computer use. In fact, they find positive effectsusing computers to look up information and
negative effects of using computers to practictsski

More in general, the importance of what teachergndbe classrooms has been emphasized in the
recent literature on the effects of teaching pcastion students’ academic performance. More
specifically, researchers have lately begun tot dttbntion from what teachers are (in terms of
observable characteristics) to what teachers gimgto identify the teaching practices that matter
most to student achievements. Recent papers hasefdon the effect of traditional versus modern
teaching style, using in some cases classificataineaching practices proposed by educational
researchers. Results generally show that teachylg matters, but empirical evidence is not
conclusive as regards the comparative effectiveaessodern and traditional practices. Aslam and
Kingdom (2011) find that a large number of procemsables, such as asking questions from pupils
during lessons or quizzing students on past lessais® pupil mark. Schwerdt and Wuppermamm
(2011) show that a shift from problem solving totige style presentation results in an increase in
student achievement. Conversely, Van Klaveren (Ridds no relationship between the proportion
of time that teachers spend on lecturing stylehegcand the performance of Dutch students who
are in their second year of secondary school. (@@ 1) finds that both traditional-style teaching
(classroom teaching that emphasizes the instilloekbhowledge and comprehension) and modern-
style teaching (use of techniques that endow puwyitls analytical and critical skills) have a strong
positive effect on pupil achievemertakharov et al. (2014) find that test-specific h@araek
exercises’ has a positive and significant effecstudent performance.

Bringing together the literature on the effectd®©T at school and the literature on the effects of
different teaching practices on student achievesy@mthis study we use a unique and rich matched
student-teacher dataset from lItaly to investighee effect of ICT-related teaching practices on
students’ math and Italian achievement. We adopidantification strategy that exploits within
student between-subject variation to control favhserved students’ traits. Furthermore, the specifi
Italian institutional setting, prohibiting classaibe, helps us circumventing potential non-random
sorting of students to teachers because the adtassd groupings is random.

The main contribution of this paper is to test igks between computer-based teaching methods and

student achievement and to provide evidence onhwWid@ practices are most effective to improve

2 Metzler and Woessmann (2012) focus on teacher letye of a specific subject. They show that it lewant for
students’ achievement, but this effect also dementhe teacher-student match in ability and gender.
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learning. As far as we know, Falck et al. (2015his only study analyzing the effect of computer-
based teaching practice on students’ outcomes. t#Ewtheir analysis refers to the students’ use of
computers during classes and it is limited to thremputer-based activities (look up ideas and
information, practice skills and procedures andcpss and analyze data). With respect to them, we
focus mainly on ICT-related practices performedthy teachers and we consider a much greater
array of ICT-related teaching methods, covering@ber spectrum of teaching-related activities
both in the classroom and outside, both with sttgland alone. The survey we are using contains
many detailed questions on the use of ICT in tewgthiat allows us identifying five distinct teactin
practices. More specifically, we consider “backstagtivities”, such as preparing and printing files
to be handled out in class; computer use aimech@wledge transmission during lessons, such as
projecting slides or sharing files with studentsaadhing practices implying active involvement of
students through the use of general or specifioveog media education practices, such as teaching
students how to use social media or bjagsmnmunication enhancing activities, favoring teseto-
teacher collaboration and communication with stislend families.

A key point to take into account is that the pregipractices might have a different effect depamdin
on teachers’ ICT knowledge: the lack of ICT knovgedmakes teachers anxious about using it,
mainly in classrooms of students whose ICT knowdeiddhigher than their own one. Since ICT skills
are much higher in the youngest cohorts, this neag britical issue especially in countries, such as
Germany, Italy, the Netherlands and Sweden, cheniaet by a large proportion of ageing teachers
in secondary schools. The 2011-2012 EU survey Wgtslzows that students’ use of ICT at school is
related to teacher’s confidence level in her ICd aacial media skills. An important contribution of
our paper is that, when estimating the effectseathing practices on students’ achievement, in
addition to a wide range of teachers’ charactesstive can control for both a subjective and an
objective measurement of teachers’ digital sKillsis latter is measured by means of teachers’ score
in a detailed ICT performance test. Moreover, wegehalso information regarding ICT-related
training, which may affect both teacher’s ICT knedde and its pedagogical use through specific
practices.

Finally, an important factor we control for are dbars’ beliefs about ICT use for teaching and
learning. Existing evidence shows that these laffect the frequency of students’ ICT use in s¢h00
more than the availability of infrastructures: stotdtaught by teachers positive about ICT use in
education, but facing low access and high obstaclase ICT at school, report more frequent use of
ICT during lessons compared to students taugh¢dghiers having high access to ICT, but being less
positive about the usefulness of ICT for teach2@l(-2012 EU survey).



The results from this study provide the first evide in the economic literature on the effect oidew
variety of ICT-related practices on students’ outes. We find that the effect of computer-based
teaching methods is quite heterogeneous. ICT-tlatactices increase student performance mainly
if they channel the transmission of teaching mateni if they are used to teach the students makit
use of internet. We also find a positive effeat@mmunication-enhancing practices, while a negative
effect is found only for practices requiring a magtive involvement of students in class.

The remainder of the paper is structured as folithesnext section presents a potential classifinat

of computer-based teaching methods and hypothaseabkeir effects on students’ achievement;
Section 3 describes the data; Section 4 explamsthpirical strategy; Section 5 presents results;

Section 6 concludes.

2. ICT-related teaching practices and academic achievement

Educational research has clearly pointed out #eathters and the actual use of ICT by teachers are
crucial determinants of the way ICT is adopted asdd in the classroom (OECD 2001). In this
perspective, the existence and availability of I@Es seshould not affect student learning and
achievement, but its impact depends on whethermamdthe new technologies are integrated and
used in the teaching and learning process. ICTirognove teaching and hence influence students’
learning by either enhancing what is already pcactior introducing new and better ways of teaching.
Educational research has classified ICT-using teggbractices in a number of ways. A meaningful
one for our empirical analysis classifies thesectmwas according to their level of pedagogical
innovation.

The first and more common dimension of teachers’afsICT takes place in the “background” of
their professional activity. This latter referspeeparing lessons and using the computer to perform
activities such as preparing slides, printing eaiching material, preparing tests, etc. The impact

a “background” use of ICT on students’ learningwsfold: on the one hand, the enormous and easy
availability of textual and audiovisual contenbwused for teaching can make lessons more complete
and attractive; on the other hand, self-production of content that ICT offer canghdachers customize
their teaching more effectively. In an evaluatidrihe “Laptops for teachers” program of the British
Government (2002-2004), teachers who had been peghipith a laptop report having extended their
capacity to access resources and saved time gmrgganning and preparation (Cunningham, 2004).
The majority of teachers in developed countriesaaly use ICT to prepare their lessons or to access
teaching material on the web. More than 95% of geam teachers report to prepare lessons or

assessments to be administered in the classroom using digital tools (European Schoolnet, 2013; see



also Balanskat et al. 2006). Teachers believepitegiaring their lesson online has positive effeats
the quality of their teachin@amboll Management 2006; Condie & Munro, 2007).

A second dimension of ICT use by teachers with iptsssmpacts on students’ learning relates to
practices favoring knowledge transmission in tlesstoom, such as sharing files with students or
using web-sites during lessons. Digital tools carubed as a support for delivering information and
concepts more effectively and efficiently, mainhydugh the projection of images and text. It has
been shown that computer use during lessons appoigufor teachers pushes them to plan their
lessons more efficiently (Higgins, 2005; Balanskat et al. 2006) and makes lessons more attractive for
students (Ramboll Management 2006; Balanskat et al. 2006), clearly impacting on intermediate
outcomes such as motivation and behaviour (Condidéufro, 2007). Interactive whiteboards have
a positive effect on student motivation levels (i 2007) where the “visual appeals” of projected
presentations seem to be the main contributorisoiticrease (Smith et al., 2006). However, some
have casted doubts on the persistence of thisiatisog claiming that a “novelty factor” could be a
work and that consequently the effect could vamibkn technology in schools will not anymore be
a novelty (Di Gregorio et al., 2009).

A third main dimension of ICT use in the classroooncerns the active involvement of students, for
instance with general or specific software. Evideslcows that teachers usually do not fully exploit
the creative potential of ICT, for instance engggstudents more actively in the production of
knowledge (Balanskat et al 2006). While teachess’ of media to deliver information inserts itself
in the traditional classroom setting, the active a§ICT by students opens unexplored horizons in
the student-teacher relationship. Maybe for theplerity of this re-organization of teaching that an
active use of ICT in the classroom demands, noeend of positive impacts have emerged so far.
Furthermore, a number of studies have even fougdtive associations between learning outcomes
and the frequency of ICT use by students at sof@BCD, 20131 Biagi and Loi, 2013) or for school-
related purposes (Gui, 2013).

A fourth main dimension of ICT use by teachers ttzat be found in the literature pertains to “media
education” practices. The presence of ICT in tlessoom can facilitate a confrontation between
students and teachers on digital risks and oppibanwhose level of awareness seem particularly
poor among adolescentSalvani et al., 2011; Gui ¢ Argentin, 2011; Van Deursen e van Dijk, 2009)
There are no available results so far of a diresbeiation between “media education” teachers’
practices and learning performance. However, tiseegidence that digital supportive teachers tend
to have more digitally aware students (Argentialet2013) and that, in turns, a higher level dfcal

digital skills among students has a positive immactheir learning outcomes (Pagani et al., 2015).



The last kind of ICT use in schools is relateddmmunication practices between teachers, students
and their families, that is the use of a pc to camitate with colleagues, students and their familie
or to access official communications. Even amomglters who make high use of ICT, only a small
proportion report that the new technologies arel @dgo to increase collaboration between teachers
(OECD 2001), for instance co-producing knowledgéhvather colleagues inside and outside the
school. Research in the evaluation of ICT investnegtucational policies show a perception of
positive effects on teaching quality among teacfiResnboll Management 2006): pupils and teachers

seem to benefit from good home—school links us@if (Condie and Munro, 2007).

3. Data

We use data from three sources. The first is theeguve conducted on a sample of students selected
from all second-year upper secondary school clags@s grade) in the Lombardy region and
stratified by school type and geographical positibhe sample is representative of all"Ifdade
students in the Lombardy region. The survey has loaeried out in April 2012 and it contains
interviews to a sample of 2327 students from 14gsboms randomly drawn from 60 schools.

The data include information on socio-demographiaracteristics of the students, on past and
current academic performariand on extra-curricular activities. In additionetsurvey provides an
in-depth description of how young people use digitedia today: it contains a wealth of information
on digital devices owned and used, on the frequemd, kind of use of the internet and on the
presence of digital devices and of computer latschool.

The second source of data is a survey on the teacfighe previous survey’s target students. It
contains information on socio-demographic chargttes of the teachers such as gender, birth year,
highest education level obtained, field of studgt graduation grade. There are also some information
regarding the teachers’ job position (experieneeyte, type of contract, the number of hours taught
weekly and the subject taught), training (includi@y -related one) and the reasons for teaching,
which enables us to have an important proxy forivatibn. The questionnaire then focuses on
teachers’ use of ICT outside of their job, askiogvirequently they use a computer, how many hours
they spend on the internet daily and whether tlaaseta Facebook profile. An interesting part of the
survey asks teachers how often they use computees\iiide array of teaching-related usages, such
as creating and projecting slides during classeserabling digital material or files to deliver twet

students, showing students specific educationalsites or using a pc to communicate with

3 We asked each student whether she has been flimkezl past, which score she obtained at the Is@eondary school
final examination, the average grade obtainediiialt, math, foreign language and science and-aeg@rted evaluation
on the students’ current academic performance
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colleagues, students and their families. The teachee also asked whether they use common or
specific education software, whether they help esttisl for ICT-related problems or explain how to
carry out an internet search using encyclopediagetrsites. Then, all the teachers report how many
hours per month they use an interactive whitebaagt; with a projector or a pc to work outside of
the class. The final part of the questionnaire meg@achers’ opinions on the use of ICT as a tool t
facilitate learning, and ask a self-evaluationh@it ICT related knowledde

A very valuable feature of the dataset is thaiaddpth standardized test is administered to thesa
teachers filling the questionnaire, with the aimrofestigating their digital knowledge. The tess ha
been developed with the intent to cover some ofrtam aspects of what literature defines as ‘digita
skills’. The test consists of 15 closed-ended qaest The specific digital skill that is evaluatisd

the “critical digital skill”, that is the teacherability to assess the reliability of webpage cohta to
identify correctly the sources and the risks relate internet use. More specifically, teachers were
asked to analyze website addresses and browsarshs@sults and to prove their knowledge of the
functioning of popular websites among the youtlthsas Facebook, YouTube, Yahoo Answers or
Wikipedia® We built a score describing teachers’ criticalitdigknowledge based on the number of
correct answers provided in the test and then wenalize it.

The third source of data is from the Italian Nasibimstitute for the Evaluation of the School Syste
(INVALSI), which regularly carries out standardizesbts to assess the learning levels of pupils at
various grade$We consider the math and Italian tests adminidterd. @ grade pupils at the end of
the 2011/2012 year, along with a pupil’s questiarend his latter contains additional information on
students (such as their level of confidence witlk ALSI-type questions) that can complement that
provided by the other survey we are using. The raathItalian standardized test scores represent
our dependent variablés.

We merge the students’ survey with the INVALSI data\We drop students from vocational school,

to whom the INVALSI test is not administered, amservations with missing values in the INVALSI

4The specific question is: All in all, do you thigku are prepared to use the new ICTs as a teaPhesi®e answer using
a 10-point scale (where 1 is not prepared at @lishbsolutely prepared).
5 Examples of questions are: In your opinion, whiesrthe Wikipedia entries? Choose only one offtflewing four
possible answers: 1. Those who are registered éip®dia website and were accepted as collabora?orihe creators
of the website and other paid employees; 3. Theraa limitation: everyone can write them; 4. Oalpool of experts
chosen by Wikipedia.
Are the following sentences true or false?

1. When you publish something on Facebook you can ntaceessible only to some of your Facebook friend

2. Information on Yahoo Answers is reliable becaudglipted answers were checked by experts

3. You can sign a contract with Youtube to get moratlie videos you upload
6 INVALSI tests were introduced in ltalian schoats3008, with the purpose of evaluating school pobiglity by using
standardized tests in Italian and math.
"Math and Italian constitute the main subjectsalian schools and serve as key indicators of acidgenformance.
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test score. After keeping only math and Iltaliarchess, we merge the students’ dataset with the
teachers’ dataset using a classroom identifien&ging code.

We keep in the sample only those classes for whielobserve both math and Italian teachers and
end up with 868 students (1736 subject /studerdsrohtions) and 94 teachers (47 for each subject).
Table Al in appendix shows the descriptive statstf the students’ sample.

TABLE 1 AROUND HERE

Table 1 reports the main descriptive statistica sét of standard teacher characteristics by subjec
Italian teachers are slightly younger, more edwutatel graduated with a higher mark when compared
to math teachers. They also teach more hours a.Wék&n we look at the choice of becoming a
teacher, we can see that around 33 percent dritédiachers and 47 percent of math ones took this
career because of their passion for the subjectvésely, 44 percent of Language teacher and 36
percent of math chose this career because theyedantteach or being able to work with young
people. The remaining share in each sample bea@awbdrs because of the lack of other better job
opportunities. On average the students in our sarhple a better performance in the National
INVALSI test in Italian than math and, as it candgen in Figure 1 and Table 1, the within student
difference in the test scores is almost alwaystpesionly 8% exhibit a better performance in math)
Similarly, the average grade in the first termligtgly higher in Italian than in math. Studentdiéee

that math is more important than Italian in lifegnk and school career.

A number of explanations are consistent with tesutt: for example, students may be more able in
Italian than in math or the first may be an easidsject than the latter. Furthermore, in Italy @&ym
also be the case that students are more traiadgnage than in math to answer questions likesthos
in the INVALSI test. Actually, 45 per cent of theidents in our sample have declared to be familiar
with INVALSI-type questions for language, while tberresponding share for math drops to 26 per
cent (see Table %)

To deal with this issue and make the score inwlrestubjects comparable, as in previous studies we
standardize the INVALSI test score by subject (Asland Kingdom 2011). We shall use this
standardized variable, which for each subject mstraction has mean 0 and standard deviation 1,

as the dependent variable of the following econamanalysis.

FIGURE 1 AROUND HERE

8 Up to these days, math written tests and exantslinare basically open questions or problemgalidn secondary
schools.
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In Table 2, we focus on the diffusion of ICT relhieariables by teachers’ subject. Compared to math
teachers, Italian teachers have a lower probalafigttending an ICT related training course, spend
more hours on internet, have higher propensitysaipc every day at home and to have a Facebook
profile. A great majority of Italian teachers bekethat ICT is useful in preparing lectures, wioitdy
around half of math teachers shares this opini@gaRlless of the subject taught, two out of three
teachers are in favor of ICT use in teaching, wbite out of three thinks that ICT introduced an
important change in teaching. Finally, only 15 geitcof math teachers and 5 percent of Italian ones
believe that ICT have a positive effect on her deaching. Quite interestingly, Italian teachers
performed on average better than math ones indabiean critical digital knowledge, but their
subjective perception is lower. In Figure 2 we gl teachers distribution with respect to both
objective and subjective ICT knowledge and invedggthe relationship between the two. More
specifically, in the first panel of Figure 2 we ptbe distribution of teacher correct answers m th

ICT critical knowledge test we submitted.

TABLE 2 AROUND HERE

The maximum number of correct answers is 12 ouetad of 15 questions and the average number
of correct answers is between 8 and 9. When we aaarthe subjective evaluation of ICT knowledge
with the result of our test, we find that the ctaten is rather low and a number of teachers who
believed themselves quite proficient in the uséG3f performed rather poorly in our test. This is
rather common when self-evaluated abilities arepamed to objective ones. Mabe and West (1982)
show that many unobservable characteristics detertie difference between self-evaluation and
objective evaluation. This difference turns outom related to individual characteristics (i.e. high
intelligence, high achievement status and inteloalis of control) and to specific conditions of
measurement (the possibility that the self-evatuatvould be compared to the objective one, the
experience in self-evaluation, anonymity and irgtoms of the self-evaluation). Having this kind of
information will turn out to be extremely precioussour estimation strategy, as it will allow us to
control both for objective and self-evaluated I@Tated abilities, which are likely to influence the
way the teacher relates to and actually uses ICT.

Finally, we asked the teachers how many hours patimthey use the interactive whiteboard (IWB)
or a pc with a projector while teaching. Italiandkers use the IWB less and the pc with a projector

more than math teachers. There’s no differenckaruse of a pc in class on their own.
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FIGURE 2 AROUND HERE

As regards the use of ICT in teaching, we askeddhehers how often they used their personal
computer to carry out an ICT related practices &pileparing to or during their teaching. For each
guestion, we report the distribution of answersasaely for the two subject in table A2 in appendix
Among the many practices, it is difficult to findcéear pattern. Some of the practices are widely
diffused, like preparing test or printouts, whildner are very rare, like enrolling in online traigi
course. In some practices there are wide differeicéhe two subjects, for example, many students
have teachers who use common or specific softwamadth, and very few in Italian, while the
contrary is true when we look at preparing prinsomt teaching how to use an online encyclopedia.
Furthermore, these practices are clearly correlatedwith the other for several reasons, suchas th
school policy towards the use of ICT in teachidg hature and contents of the subject taught,
individual teaching style and other unobservedheacharacteristics. In order to organize so much
information and to ease interpretation of the nrasults, we run a Principal Component Analysis
(PCA) to identify and measure indexes of differeaiching ICT practices. The PCA was conducted
on the original sample of around 700 teachers asdlts are actually based on 622 cases (the ones
answering all the items considered in the analyfi®spite our focus on Italian and math, we
considered here the entire available teacher satfigplavo reasons: a.

We adopted an exploratory approach considerinthalltems investigating teacher use of ICT. We
selected 19 items, considering their communalitd d#actor loadings. We kept the first five
components emerging from the analyses, those vgémealue greater than one (a standard criterion).
Moreover the screenplot examination suggestekwitdo account the same number of components.
This model explain 62% of the global amount of aade. The lowest communality is 0.38 and each
item is strongly associated only with one compor(arith only three partial exceptions). Table 3

reports the associations among each item andwbedmponents.

TABLE 3 AROUND HERE

The first component loads practices that implyuke of personal computer during the lesson, such
as using slides or other digital material (vidaajia or website) in class or sharing files withdsints
(not printed or to be printed), so that ICT is usedeliver information more efficiently, and that’
why we called iknowledge transmissigoractices. The second component loads practicesdaio
produce skills that are not directly linked to subject, like the awareness of digital risks (eaian

of website content or how to avoid viruses), privagles or netiquette in social media, or, as it is
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namedmedia educationThe third component loads practices that presamiateraction among the
teacher, the students and ICT devices, such ag asmmon or specific software in class, explaining
how to study with internet or online encyclopedraleed, these are activities in which each student
is activated, i.e. assisted by the teacher in usiadechnology to reach a particular goal, likéeva
text or solve an equation. We label this faciotive involvementThe fourth component loads
background practices, like preparing printoutst teslectures and we call backstage activities
Finally, the last component pertain to the commaton aspect of ICT, like communicate with
students, family or colleagues or reading formahownication by the ministry or the school board
on line. So we call this facteommunicationNotice that the main components delivered byPtGé

on a large number of ICT related practices arenim \ith the classification proposed and discussed
in Section 2.

4. Empirical strategy
In order to assess the effect of ICT-related teagpractices, we estimate the following specifmati
of the standard education production function:

Vijk = @+ B ICTyji + BoXiji + B3Sijic + BaTiji + €iji (1]

where vy is the test score of student i in subj@atgchool k, ICT is a vector of variables measgrin
the teacher ICT-related knowledge and practicess, vector of student characteristics, S of school
characteristics and T of teacher (and class) ctexisiics.

The error ternz captures all the unobserved factors which infleestadent performance and it can
be specified as follows:

Eijk = Mi + 6 + @ + v [2]

wherey, 8 andg are, respectively, student, teacher and schoettivariant unobserved factors.
Estimation of equation [1] by OLS yields biasedreates if the unobserved factors are correlated
with the variables in the ICT vector. This may he tase when both teachers and students are not
randomly distributed across schools (and acrossetawithin schools) and hence a specific match
student-teacher is endogenous. Endogenous sortag anise because families choose specific
schools for their children and, in some cases, thay also choose specific classes within a school,
also on the basis of the teacher quality and répataOn the other hand, there is evidence showing

that teachers prefer to work in schools with highehnieving students, while they have heterogeneous
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preference in terms of other students observal@eackeristics, such as race and ethnicity (Hanushek
2004). Schools which are able to employ more affecteachers can in turn attract the highest
achieving students and hence the unobserved stheééstogeneity is likely to inflate differences
between schools in teacher quality. Despite thidesce of positive sorting between “good” teachers
and “good” students, predicting the direction of tictual bias is difficult, since, within schodlts,
also depends on the principal’s objectives (Hankisimel Rivkin 2012): an egalitarian principal will
place the higher quality teachers in classes wdterdisruptive children, while a principal who want

to retain the senior staff will match the more eigreced teachers with the best students.

In our case, the specific Italian institutionalteef allows us to partly address the problem of
endogenous matching between teachers and studemas: families choose the school for their
children, the latter are usually randomly assigioegicertain class — regardless families’ or ckihds
preferences for specific teachers or schoolmatesce] the class is not identified by a certain gyrad
but by a subsection of a certain year. Furthernibeeglassroom is the same for all the subjectghiau
and for the entire duration of high school: minbarges each year are due to students who have to
repeat a year (this happens frequently in high @lsh@r who change school (a rare event) or who
move to another town (an exceptional event). Is fferspective, the same group of students (and
teachers) can expect to be together for years. Elask does everything together, staying all day in
the same room; it's the teachers who go from atessrto classroom, except those whose subjects
require labs or other special equipment. Everyaraedlass takes the same courses because there are
no electives in Italian high schools: the pool whjects is determined by the type and of high sthoo
and program initially chosen; if the student readithat this is not what she is really interestedhe

will change the program or even school. This isallg@one by the end of the first year of high saho
(i.e. 9th grade) because later changes are usiglycostly in terms of required prerequisitestfa

new program/school, often implying to start agaomf the first year. Nonetheless, in our estimations
we cluster standard errors within each class.

Although the features of the institutional settaitenuate the problem of sorting between students
and teachers, student achievement may be influemgddnobserved) student, teacher and school
factors. To deal with these sources of endogenestyfollow the approach proposed by Dee (2005
and 2007) and use a within-student between-sulegtmator, which allows to fully control for
unobserved heterogeneity of both schools and stsidgntaking differences between two subjects

(in our case, Italian and math, named | and M retsgay) in the following way:

Yik — Yimk = @ — &y + By ICTy — Bim ICTimk + (B2 — Bam) Xi + (Bar — Bam)Si + BarTinke —
BamTimk + w; [3]
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where: w; = (0; — 0y) + (Vi — Vi) [4]

If we assume, as in Dee (2005), that coefficientess subjects are equal, equation [5] reduces to:

Yitk — Yimk = P1 AICT; + B4AT; + w; (5]

where identification of the coefficients relies differences between subjects for the same student
and on uncorrelation between the error term andigie hand side variables. Notice that the second
term in brackets of the error term in equation gy still contain student’s subject specific
unobserved factors (such as a differential aptitieseard each subject), which influence student
performance and can be correlated with ICT teacpmagtices. In order to take into account this
potential source of endogeneity, we add to equdbdrsome subject specific students’ variables,
namely: the grade in the first term of the yeaeach subject, the familiarity with the INVALSI test
and their beliefs relative to the importance latelife of each subject. The first variable transic

the equation in a kind of semi value-added spetibo.

With this estimator, we fully control for both sailcand class unobserved heterogeneity, but we
cannot rule out potential endogeneity caused by serwved teacher-specific factors. We address this
problem exploiting the richness of the survey amdtiolling for a number of teacher characteristics
(such as gender, age, education, training, worlemsmpce, tenure, type of contract, weekly hours
taught), including some controls usually not auddéain previous studies, such as a proxy for
teacher’s innate ability (captured by their grathragrade) and for their motivation (captured by th
main reason they chose to become teachers).

Another source of endogeneity of ICT related pcagtimay be due to self-selection of teacher into
ICT adoption. In fact, those who use ICT are teexcthéth more unobservable easiness, love or ability
with ICT, but they may have also other unobservalblaracteristics that increase their students’
achievement. This will lead to biased estimatethefcoefficien31 in equation [5]. We address this
issue in two ways. First, we control for the teacli€l use and knowledge, both subjective and
objective, and for teacher believes in the roléQdf in schools. We thus partially take into account
the unobserved component of teacher specific eomponent that can be related to ICT adoption
and use. Secondly, we run a robustness check ainthts equation [5] using a different dataset,
TIMMS 2011, in which we have science and math sitgleest score for students in the last year of
junior high school. In Italy the same teacher teacthese two subjects, so we can add to the
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specification a teacher fixed effect and contral thee time-invariant component of unobservable

teacher traits that may affect both ICT adoptiod student achievement.

5. Results

Table 4 presents our main estimations when we denthe ICT related practices we computed from
the principal component analy&isVe first consider only the five factors togethath a standard set

of teacher characteristics (gender, age, educatmlege final grade, a polynomial of the second
order for experience and tenure, weekly teachingshand their motivations). Teaching practices are
mildly significant. Then we add controls for stutirsubject specific characteristics (Column 2).
Again, most of the estimates on ICT teaching pcastiare not statistically significant. Finally, in
column (4) we add teacher ICT related charactesgtihe subjectively and objectively evaluated
knowledge, their beliefs on ICT and teaching, howchmthey use technology and whether they
attended an ICT related training course). The fiagtors are now both jointly (as shown by the F-
tests at the bottom of the column) and individualgnificant. In fact, by adding these variables, w
are probably able to better take into account tiwbserved teacher self-selection in ICT use. Thus,
the last column is our preferred specification. @sults show that ICT-related teaching practices
are important for student performance. Almost ladl practices we are considering have a positive
effect on student achievement, with the exceptfdhase entailing an active involvement of students
This result confirms that there could be a decreadearning performance when ICTs are used
intensively by students at school (OECD, 2011).

TABLE 4 AROUND HERE

To sum up, ICT-related teaching practices increisdent performance if they help the teacher to
get further material to prepare his/her lecturesl (aence they presumably increase his/her subject
specific knowledge), if they channel the transnoissif teaching material, if they increase the digit
awareness or critical digital skills among studeatsl if they speed up and make easier to
communicate with students, families and colleagues.

We then move a step forward and try to see wheither less refined measures of ICT’s use produce
similar results, in order to see if we can recanoilir results with the previous literature relatgith

ICT adoption. With our specification in the Italiachool setting, we can’t use the availability\B

% We standardize each factor in order to have zero mean and standard deviation one.
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or pc in class because both math and Italian lesamusually taken in the same class. Thus we use
some kind of intensity of ICT use in each subjectbiernative to our factors. Table 5 presents the
estimations of equation [5] when we consider thealdes that measure the use of ICT in a simpler
way. In column (1) we consider the number of hquesmonth in which the teacher used a IWB, in
column (2) a pc with a projectors, in column ()cafor her own use while in class. We add the three
variables to gauge the total amount of ICT usédascin each subject in column (4). Finally in cotu

(5), we define a dummy that takes the value 1 whenine teacher uses at least one hour per month
any of the three types of ICT devices. This dumsigimilar to the answer to a question asking
teacher “do you use a pc or a IWB in class?” We tadthe equation the usual controls describe
above, in our main specification. We find that gsiWB has no significant effect on student
performance, while the use of a pc alone or wiinggector reduces student achievement. The same
result is found when we sum the hours of ICT usdass, while the dummy turns out not statistically
significant. In general, these results are in it the educational literature mentioned above and
confirm that the adoption of ICT (pc with or withtoa projector and IWBper seis not necessarily
beneficial for student learning, suggesting thatdsht achievement will not benefit from efforts

aimed to simply increase ICT availability and irsfraicture indiscriminately.

TABLE 5 AROUND HERE

5.1 Robustness checks

Previous results have been obtained using a withident between-subject estimator, which allows
to fully control for unobserved heterogeneity athbschool and student level by taking differences
between ICT-related teaching practices in mathltadidn. We controlled for teacher characteristics
exploiting the richness of the survey that allowsdcontrolling for a number of teacher variables,
including proxy for teachers’ innate ability and their motivation. Despite of this, we cannot rule
out that there are unobserved factors that infladmoth adoption of specific computer-based teaching
methods and students’ outcome. As a robustnes& ébrecur results, we replicate estimates using a
different dataset that allows us to use a withacker within-student estimator. Specifically, we us
data from the 2011 Trends in International Math Setence Study (TIMMS) for'8grade Italian
students (who are two years younger than our stafénTIMSS data contains information on
students’ achievement in math and science andlei@taformation on the corresponding teachers.
Since in Italy in 8 grade these subjects are taught by the same teawheeach identification

0 TIMMS data are available for 34 countries. However use data only for Italy because we want topammestimation
results with those obtained using our dataset.
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exploiting the variation in the use of ICT-relatedching methods in different subjects taught ley th
same teacher to the same students.

The TIMSS survey contains two questions askinghegcinformation about the use of PC in class.
The first one covers mainly activities that entaéh students having a computer and carrying on
assignment like look up ideas and information @cpss and analyze data. The second one is related
to frequency of use in class of specific softwdr€hese questions refer to activities that are simila
to those included in the teaching practice we hdefned above active involvement of students
during lessons, for instance using general or fipesnftware or explaining how to use website to
study or online encyclopedia.

To aggregate them, we built two dummy variable® (f@n math and one for science) taking the value
of one when the teacher asks students to use @ty 6r almost daily”or “once or twice a week’

or when he/she answers to use software for tea@sirsgbasic or supplementary resource.

We estimate a regression similar to the one sggekifi equation [5]. However, given that the same
teacher teaches the two subjects, we can fullyrabifdr subject-invariant unobserved teacher
characteristics that influences both ICT-relatextkeng method adoption and students’ performance.
In the preferred specification, we controlled feveral other subject-specific variables both atliea
and at student level?

Results are in Table 6. Despite the different ddafesibjects and students’ grade, they confirm our
previous results. In column (1) to (3) we consiolee practice at a time, we add all of them in calum
(4) and finally we consider the aggregated dummjindd above, which is our preferred
specification. In this last column, we find thatTilated teaching practices implying active
involvement of students during lessons have a negatfect on their performance. We interpret this
result assuming that an active use of ICT in tlessrioom may displace time resources for other
educational activities, which, were, they maintdineould have prevented a decline in student
achievement. This result is in line with previotigiées that have found negative associations betwee

learning outcomes and the frequency of ICT use by students at school (OECD, 2011; Biagi and Loi,

1 The precise wording of the first question is:

How frequently (daily or almost daily; once or t@ia week; once or twice a month; never or almogéerjedo you ask your students to use a pc to do
the following activities during math/science lessdn

i. Practice skills and information

ii. Look up ideas and information

iii. Process and analyze data

The second question is:

When you teach math/science in this class, howodaige software for teaching math/scienté®@ possible answers ares a basic resource during
lessons; as a supplementary resource; Not used.

12 as regards teacher-level variables, these are: lywbekirs of teaching, self-evaluation of own akitib teach, not computer-based teaching methods
(e.g. ask students to memorize facts, principlelesror procedures or to relate the lesson to tiely lives), homework frequency and length and
subject-specific training. As for student-level mdb-specific variables, they refer to self-evaioatof own performance and to attitudes towards the
subject.
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2013) or for school-related purposes (Gui, 2013ye® the complexity of the re-organization of
teaching implied by an active use of ICT in thesstaom, our result suggests that teachers do hot ye
fully exploit the creative potential of ICT, in geular when it is individually used by each stutdlen

TABLE 6

Overall, estimates using TIMSS data, where we adly tontrol for teacher subject-invariant
characteristics, are in line with our previous tesusuggesting that the rich set of controls for
observable teachers’ characteristics and of praxytHeir unobservable traits (e.g. motivation or

innate ability) allow us to properly control for afpserved teacher heterogeneity.

6. Conclusions

In this paper we exploit a unique and rich studeather data-set to study the effect of a wideyarra
of measures of teacher ICT-related teaching pesto student achievement. To control for different
sources of unobserved heterogeneity, we use anasthident between-subject estimator and controls
for a huge set of teacher ICT related charactesistin general, ICT-related teaching practices
increase student performance if they help the &aohget further material to prepare his/her lexgu
(and hence they presumably increase his/her subpaatific knowledge) or if they channel the
transmission of teaching material or are useddesmse students awareness in ICT use. We also find
a positive effect of ICT using communication-enhag@ractices. Instead, a negative effect is found
only for practices requiring a more active rolelgd students in class in using ICT, probably beeaus
these practices are more time consuming and lé=sstigé.

From a policy point of view, these preliminary rigstsuggest that ICper seis not necessarily
beneficial for student learning and a mere avditglof more technology in school, as already show
by previous descriptive studies, may not be endaodbster students achievement. But some ICT-

related practices may indeed increase studentrnpesftce.
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Table 1: Teachers’ and students’ characteristicsulnyect

1) (2) 3)
VARIABLES Language Math Difference
Mean Mean 1)-(2)
(SD) (SD) (SE)
Teacher characteristics
teacher male 0.237 0.134 103
(0.426) (0.340) (.018)
teacher age 49.11 51.29 -2.17
(9.697) (8.260) (.432)
Phd 0.258 0.192 .065
(0.438) (0.394) (.020)
college final grade 108.4 98.10 10.25
(3.297) (8.344) (.304)
permanent contract 0.775 0.917 -.141
(0.418) (0.276) (.017)
weekly teaching hours 6.540 4531 2.00
(2.979) (1.728) (.089)
Experience 19.67 23.03 -3.361
(11.01) (8.724) (.477)
experience squared 508.1 606.6 -98.46
(448.8) (397.5) (20.35)
Tenure 9.733 11.80 -2.07
(8.125) (8.858) (.408)
Tenure squared 160.7 217.7 -56.98
(221.5) (270.0) (11.85)
Motivations
Responding to my need 0.123 0.0184 0.105
(0.329) (0.135) (0.0121)
Passion for the subject 0.333 0.470 -0.137
(0.472) (0.499) (0.0233)
Passion for teaching 0.278 0.252 0.0253
(0.448) (0.435) (0.0212)
Willing to work among youth 0.160 0.104 0.0565
(0.367) (0.305) (0.0162)
Lack of other job opportunities 0.106 0.156 -0.0495
(0.308) (0.363) (0.0161)
Students subject specific variable
1s'term grade 6.592 6.330 262
(0.965) (1.440) (.058)
Familiarity with INVALSI-type tests 0.450 0.262 89
(0.498) (0.440) (.022)
Subject important in life 0.505 0.889 -0.385
(0.500) (0.314) (0.020)
Subject important to learn other subjects 0.461 0.865 -0.404
(0.499) (0.342) (0.0205)
Subject important for my future school career 0.457 0.652 -0.195
(0.498) (0.477) (0.0234)
Subject important for my future work 0.472 0.781 -0.309
(0.500) (0.414) 0.0220
Invalsi test score 78.055 58.24 19.81
(11.38) (17.18) (.699)
Observations 868 868 1736
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Table 2: Teachers’ ICT related variables: Summgaysidics by subject.

1) (2) 3)
VARIABLES Language Math Difference
Mean Mean (1D)-(2)
(SD) (SD) (SE)
Teacher ICT critical knowledge test:
Number of correct answers (from 1 to 15) 8.74 8.51 .229
(0.080)  (0.083) (:11)
ICT subjective assessment (from 1 to 10) 6.029 .43 -0.409
(1.511) (1.686) (0.0768)
ICT related training 0.364 0.551 -.186
(0.481)  (0.498) (.023)
ICT general usein teacher sparetime
Number of hours on internet everyday 1.508 1.267 .24D
(0.902) (0.866) (0.042)
Use pc every day at home 0.926 0.895 0.0311
(0.261)  (0.307) (0.014)
Have a facebook profile, Use pc every day at homeg 374 0.289 0.0853
(0.484)  (0.454) (0.023)
ICT related beliefs
In favor of ICT use in preparing lecture 0.788 @56 22
(0.409)  (0.496) (.021)
In favor of ICT use in teaching 0.643 0.615 .027
(0.479)  (0.487) (.023)
Think ICT introduced important change in teaching .32a 0.303 .021
(0.468)  (0.460) (.022)
Think ICT had very positive effect on her own 0.0553 0.151 -0.95
teaching
(0.229)  (0.358) (.014)
ICT usein teaching
Number of hours using the interactive multimedia  .369 .951 -.581
board
(1.217)  (3.157) (.114)
Number of hours using a pc and projectors 1586 2.94 .644
(3.088) (.053) (.117)
Number of hours using a pc on their own 2.66 224 415
(6.62) (5.34) .288
Observations 868 868 1736
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Table 3: Rotated factor loadings (pattern matrigjincipal components analysis

Uniqueness
Factorl Factor2 Factor3 Factor4  Factor5
) 0.8759  0.0863 0.1143  0.0855 0.0571. 0.2017
Use slides
o ) 0.8726  0.0484 0.1765  0.0405 0.068.. 0.1988
Use digital material
) ) 0.6475 0.1225 0.2414 0.2469 0.162 0.4202
Share files with students
. ] 0.6916  0.1885 0.2432  0.2018 0.0682 0.3817
Show web-sites during lessons
) 0.1828 0.078 0.1272 0.7894 0.0232 0.3206
Prepare printouts
0.0488  -0.0396 0.0632 0.7098 0.2684 0.4162
Prepare test
) 0.4127 0.0703 0.0509 0.5515 0.0386 0.5165
Use internet to prepare a lecture
Teach students how to use Social 0067 0833 016  0.0247  0.0837 0.2676
media
Teach students about privacy on  0.1032  0.8498 0.0548  0.0049  0.0592 0.2607
internet
Explain how to Find studying grou 02035 06326 0.1774 0.0633  0.1041 0.5121
in internet
o 0.083 0.5961 0.4559 -0.0296 0.0653 0.4248
Teach how to avoid viruses
Teachhowto Evaluatethe  0.0723 05576 04899 0.2032  -0.0625 0.3936
dependence of website content
Teach students how to use online 0.1196  0.3761 0.6062 0.2486  -0.1373 0.3951
encyclopedias
0.2358 0.1702 0.7846 0.0611 0.1075 0.2845
Use common Software with students
N . 0.2293 0.0607 0.781  -0.0259 0.1842 0.2991
Use specific software with students
) o 0.2585 0.2542 0.6262 0.2303 0.0585 0.42
Explain how to study with internet
Exchange teaching material with 01608  0.1073 0.1524  0.1574 0.6789 0.4537
colleagues
Use a pc to communicate with 00836  0.0798 0.0795  0.1241. 0.7373 0.4213
colleagues, students and their families
0.3854 0.1673 0.095 -0.0274 0.4383 0.6215

Follow online training course

24



Table 4: Within student between subjects estimatiahe effect of ICT related teaching practices
on students achievement.

1) (2) (3)
VARIABLES
Knowledge transmission 0.0410 0.0388 0.220**
(0.0755) (0.0690) (0.104)
Media education 0.0478 0.0418 0.200***
(0.0566) (0.0523) (0.0743)
Active involvement -0.0248 -0.0445 -0.163**
(0.0590) (0.0532) (0.0704)
Backstage activities 0.0770* 0.0512 0.116*
(0.0453) (0.0404) (0.0681)
Communication 0.180** 0.144** 0.256***
(0.0746) (0.0678) (0.0840)
Teacher controls:
General characteristics YES YES YES
ICT related characteristics NO NO YES
Student subject-specific NO YES YES
controls
Observations 1,736 1,736 1,736
R-squared 0.161 0.224 0.274
Number of ids 868 868 868
F-test ICT prectices 1.672 1.211 2.834

Notes: Clustered standard errors in parenthesestiar of clusters: 47)
*** p<0.01, ** p<0.05, * p<0.1

All specifications include a constant and a subjiechmy. Teachers’ general characteristics are:,ragke, phd, college
final grade, permanent contract, weekly teachingrfioexperience, experience squared, tenure, tegquared and
motivation dummies. Students subject-specific aistare: ¥ term grade, Familiarity with INVALSI-type testsdn
motivations to study each subject for their impoceg Teachers ICT related characteristics are:d@ital knowledge
test, ICT subjective assessment, ICT related tiginthumber of hours on internet everyday, whetlaseha facebook
profile, whether they use a pc every day at hatetiled ICT related beliefs.
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Table 5: Within student between subjects estimatwith hours of ICT use in class.

1) (2) (3) (4) )
VARIABLES
IWB hours per month 0.0095
(0.015)
Pc and projector hours per month -0.063**
(0.026)
Hours using a pc on their own per month -0.032%**
(0.008)
Sum of ICT’s use hours in class per -0.029***
month
(0.0061)
Dummy use ICT in class -0.0699
(0.110)

Teacher controls
General characteristics YES YES YES YES YES
ICT related characteristics YES YES YES YES YES
Student subject-specific controls YES YES YES YES YES
Observations 1,736 1,736 1,736 1,736 1,736

R-squared 0.222 0.242 0.263 0.267 0.223
Number of ids 868 868 868 868 868

Notes: Clustered standard errors in parenthesesl@r of clusters: 47)
Kkk p<0_01, *k p<0_05, * p<0_1

All specifications include a constant and a subjiechmy. Teachers’ general characteristics are:,ragke, phd, college
final grade, permanent contract, weekly teachingrfioexperience, experience squared, tenure, tegquared and
motivation dummies. Students subject-specific aistare: ¥ term grade, Familiarity with INVALSI-type tests dn
motivations to study each subject for their impoceg Teachers ICT related characteristics are:d@ital knowledge
test, ICT subjective assessment, ICT related tiginmhumber of hours on internet everyday, whetlaeha facebook

profile, whether they use a pc every day at hatetiled ICT related beliefs.
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Table 6: Within student between subjects estimatafractive students’ involvement practice using
TIMMS. Subjects: math and science.

1) @) ©) (4) ®)

VARIABLES
Process and analyze data -0.0715 -0.00937
(0.053) (0.0550)
Practice skills and information -0.183*** -0.186***
(0.038) (0.0544)
Look up ideas and information 0.0156 0.0462
(0.0590)  (0.0420)
Active students involvement -0.0567*
(dummy variable) (0.0312)
Teacher controls
Subject specific characteristics  YES YES YES YES YES
Student subject-specific YES YES YES YES YES
controls
Student fixed effect YES YES YES YES YES
Teacher fixed effect YES YES YES YES YES
Observations 6,878 6,878 6,878 6,878 6,878
R-squared 0.083 0.085 0.083 0.086 0.082
Number of ids 3,439 3,439 3,439 3,439 3,439

Notes: Clustered standard errors in parenthesester of clusters: 176) *** p<0.01, ** p<0.05, * p<l

All specifications include a constant and a subgeonmy. Teacher-level variables are: weekly hodirgaching, self-
evaluation of own ability to teach, not computesdteaching methods (e.g. ask students to menfadiz principles,
rules or procedures or to relate the lesson ta dheily lives), homework frequency and length andject-specific
training. As for student-level subject-specificiabtes, they refer to self-evaluation of own perfance and to attitudes
towards the subject
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Table Al: Students’ and schools’ variables

1)
mean
VARIABLES (sd)
test score 68.15
(17.63)
student male 0.487
(0.500)
student age 16.20
(0.560)
Repeater 0.143
(0.350)
medium mark in lower sec 0.296
(0.457)
high mark in lower sec 0.347
(0.476)
only child 0.244
(0.430)
one sibling 0.537
(0.499)
parents highest edu level: secondary school 0.326
(0.469)
parents highest edu level: university 0.378
(0.485)
petty bourgeoise 0.139
(0.346)
clerical class 0.333
(0.471)
service class 0.334
(0.472)
Humanities 0.0645
(0.246)
Foreign languages 0.0818
(0.274)
Social science 0.0726
(0.260)
Technical 0.162
(0.369)
Commercial 0.172
(0.377)
Professional 0.127
(0.333)
Observations 1,736
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Table A2: Teachers’ ICT related practices: Sumnséagistics by subject. Row percentages.

Use slide
often Sometime never
Italian 16.36 35.02 48.62
Math 11.06 47.12 41.82
Use digital material
often Sometime Never
Italian 15.78 29.84 54.38
Math 16.59 46.08 37.33
Share files with students
often Sometime Never
Italian 15.55 52.19 32.26
Math 23.62 51.38 25
Prepare printouts
often Sometime Never
Italian 43.78 56.22 0
Math 32.95 51.27 15.78
Preparing test
often Sometime Never
Italian 54.61 45.39 0
Math 63.94 36.06 0
Show web-sites during lessons
often Sometime Never
Italian 7.26 53 39.75
Math 15.21 40.9 43.89
Use internet to prepare a lecture
often Sometime Never
Italian 5541 35.14 9.45
Math 49.42 41.47 9.10
Use pc to communicate with colleagues, students and
families
often Sometime Never
Italian 24.08 64.29 11.64
Math 42.17 49.65 8.18
Exchange teaching material with colleagues
often Sometime Never
Italian 8.41 63.48 28.11
Math 16.71 61.18 22.12
Attending online training courses
often Sometime Never
Italian 1.61 29.49 68.89
Math 2.53 37.21 60.25
Teach students how to use online encyclopedias
often Sometime Never
Italian 11.06 45.97 42.97
Math 9.22 21.43 69.35

Teach students how to use social network
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often Sometime never

Italian 8.76 25.12 66.13
Math 2.53 19.93 77.53
Teach students about privacy

often Sometime never
Italian 1.96 2.76 95.28
Math 0 4.49 95.51
Use common software with students
often Sometime never
Italian 12.67 27.88 59.45
Math 31.45 37.1 31.45
Use specific software with students
often Sometime never
Italian 1.61 13.59 84.79
Math 17.74 29.38 52.88
Explain how to study with internet
often Sometime never
Italian 18.09 55.76 26.15
Math 17.05 38.25 44.7
Explain how to find groups in internet
often Sometime never
Italian 0 13.25 86.75
Math 2.07 4.49 93.43
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Figure 1: Reading and Math test score distributeoms within student difference.
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Figure2: Self-assessed and objective teacherssKilE evaluation and their relation.
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