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Motivation

• Governments around the world spend a lot of tax money on increases in
internet speed.

• European Budget announced October 2012: spend 7bn Euro to increase
broadband speed.UK plans to make superfast broadband (25-30Mbps+)
available to 90% of population (and “basic broadband” for all) by 2015.
Total cost: £2.4bn.

• In 2011, the Government set aside £100 million for an Urban Broadband
Fund (UBF) to create up to ten ‘super-connected’ cities across the UK.

• However, existing empirical evidence about the socio-economic consequences of
falling information and communication costs is very limited.
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Broadband and education
• “[A]bsent this connectivity, individuals cannot take advantage of opportunities
for education and skills development [...]” (The White House, Report June 13)
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Children and the Internet, Ofcom Survey 2012
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This Paper

• Provide empirical evidence on the following question of policy interest:
• How do falling information and communication costs affect
educational attainment?

• Provide empirical evidence from linking broadband speeds with rich
administrative data covering the population of English pupil cohorts 2002-2008.
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Broadband and Knowledge, the channel

• ICT can affect learning outcomes by changing the productivity (efficiency
shifter):

• e.g. “Wikipedia” increases the efficiency of learning per hour of studies.
• ICT can affect learning outcomes by changing studying time:

• e.g. “Facebook” or online gaming shift pupil time allocation away from
studies.

• ICT can increase in learning effort by making it more attractive relative to other
time uses:

• “Lumosity” effect
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Preview of (Preliminary) Findings

• Empirical strategy:
• Exploit plausibly exogenous variation in internet speed and availability
across pupil residences.

• Preview of findings:
• Higher internet speed has a significant positive effect on age-14 and
age-16 national pupil test scores.
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Preview of the strategy

Our aim is to estimate the effect of ICT on educational outcomes. But no
information on pupils’ access or use of internet.

We proceed in three steps:
• STEP 1: We estimate the technological relationship between distance to
exchange station and postcode average internet speed

• STEP 2: We estimate the effect of the distance to exchange station on pupils
test scores. We explore heterogeneity

• STEP 3: We (attempt to) quantify the effects
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Outline of Talk

• Related Literature

• Theoretical framework

• STEP 1: Technological relationship between speed and distance

• STEP 2: Reduced form identification strategy
• Main results
• Placebo
• Heterogeneity

• STEP 3: Quantification of the effects

• Conclusions
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The socio-economic effects of internet

• Paper relates to growing empirical literature on the socio-economic
consequences of the internet:

• Effect on voting:
• (Germany) by: Falck, Gold and Heblich (IZA DP 2012)
• (Italy) by: Campante, Durante and Sobbrio (NBER WP 2013).

• Effect on sex crime (Norway) by: Bhuller, Havnes, Leuven and Mogstad
(RES forthcoming).

• Effect on social behaviour (Germany) by: Bauernschuster, Falck and
Woessmann (IZA DP 2011).

• Effects on Economic Growth (OECD) by: Czernich, Falck, Kretschmer and
Woessmann (EJ 2011).

• Effect on marriage markets (USA) by: Bellou (IZA DP 2013).
• Effect on labour markets (USA) by: Forman et al (wages, AER 2012),
Atasoy (employment, ILRReview 2013)
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ICT and Education

• A few papers have studied the effect of ICT on educational outcomes:
• Computers in school by: Barrera-Osorio and Linden (WB, 2009)

• Broadband in school by: Belo et al (Portugal - WP 2011)
• Human Capital and computers at home by: Fairlie and London (EJ
2012), Malamud et al (QJE 2013), Beuermann et al (NBER 2013)
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ICT and educational outcomes

Hi = AiLβ

i

• where Hi is educational achievement, Ai is a pupil specific productivity shifter, Li are
study hours, and β > 0 is the elasticity of achievement with respect to time spent
studying

Li = eρi w γ

i

• where ρi is a pupil specific study hours supply shifter, wi is the pay-off for study
hours, and γ > 0 is the elasticity of study hours with respect to the relative
attractiveness of studying
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Estimation equation
Information and communication costs ci

c̃i =
1
ci

Ains = c̃i
δ eλi φnµs εins

and
w = c̃i

η

hence:

lnHins = α + β̃ lnc̃i +φn +µs +θi + εins

where

β̃ = (δ +βγη)

and
θi = βρi +λi
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Hypothesis

lnHins = α + β̃ lnc̃i +φn +µs +θi + εins

Hypothesis:
“Wikipedia effect δ > 0”
“Facebook effect” η < 0 and “Lumosity effect” η > 0

Identification assumption: εins and lnc̃i are uncorrelated
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From theory to empirics

• We want to estimate the effect of a reduction of ICT costs on educational
outcomes, but

• we do not observe pupils ICT costs
• Speed data is available to us but with limitations

• Not all English postcodes, available only for 2012 and measured with noise
• There is a technological relationship between speed and distance to telephone
exchange station

• This information is available for all pupils locations
• We exploit this to asesss the validity of a reduced-form approach (Step 1)

• We estimate the reduced form approach with emphasis on identification of
causal effects (Step 2)

• We combine results from steps 1 and 2 and quantify the effects (Step 3)
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STEP 1: Technological relationship between speed
and distance
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The Technological Distance Relationship

Source: Ofcom Report UK Broadband Speeds 2008
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Data Sources

To estimate the distance-speed relationship we use several data sources:
• Location of telephone exchange stations (OLO): PointTopic.
• Postcode level internet speed 2012: OfCom.

• Available for a sub-set of postcodes (about 55% sample)
• Median, Average, Maximum speed (30 max)

• Postocode-stations mapping and number of landlines: SamKnows.
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Exchange Location
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Descriptives First Stage
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The Technological First Stage Relationship
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First Stage Estimation

lnSpeedp = α +βDistExchangep + εp
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STEP 2: Reduced form identification strategy
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Specification

TestScoreiprst = βDistExchangep + γXiprt +αr +αs +αtKS + εiprst

• DistExchangep = distance to connected exchange station
• Xiprt = vector of pupil and postcode controlsi = pupil
• TestScoreiprst = Pupil national test score
• p = postcode
• r = exchange station
• s= school
• t = year
• KS= key stage (3 or 4)
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Data Sources

• NPD/PLASC: 2002 to 2008 pupil data including residential postcode, gender,
ethnichty, FSME.

• Age-7, age-14 and age-16 national Key-Stage test score outcomes. (which we
percentalise by cohort, test and subject)

• Postcode-level geographical characteristrics: distance to (dis-)amenities, from
Ordnance Survey, CBRE.

• Land Registry house price data from mid-2000 until 2002, detrended by
6-month seasons (all housing transactions in England): create postcode-level
price-index.

• For the main analysis we group age-14 and age-16 tests in order to have more
observations in our (small) postcode-cells.
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Descriptives
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OLO/postcode/year cells
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Identification of β

TestScoreiprst = βDistExchangep + γXiprt +αr +αs +αtKS + εiprst

• Identifying assumption:
• Distance to exchange does not affect test scores other than through
broadband speed, condional on controls.

• Robustness:
• Always include exchange-station to control for local neighbourhood
conditions and school fixed effects.

• Observe point estimates before and after including a rich set of controls.
• Placebo: 15% of postcodes not connected to closest exchange for
historical reasons.

• Test heterogeneity of effect with respect to pupil gender and school meal
eligibility (FSME), which allows controlling for distance.
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Identification - main worry

• Where would you place exchange stations to maximise coverage?
• placed for voice telephony (copper wire) during 1940s. Distance/length of
cable has no impact on quality of connection.

• likely to be indirectly correlated with geograhpical features, population
density, etc

• if these (potentially unobserved) factors correlate with house prices
->omitted varialbe bias through this ’passive sorting’
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Score and distance
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Score and distance - Placebo
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Heterogeneity of ICT Effect - Gender
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Heterogeneity of ICT Effect - Income
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STEP 3: Quantification of the effects
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IV Results
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Quantification attempt

• Doubling speed associated with 1.8 percentile point increase in age-14/age-16
national test scores in this IV.

• Living 4km away from exchange, rather than on exchange: 10% of a standard
deviation increase in national test scores.

• comparable to (lower-bound estimate of) being taught by a teacher
one-standard deviation better than the average for a whole year
(Aaronson, et al. 2007; Rivkin et al. 2005)

• On our to-do list: Benchmark broadband infrastructure investment against
other education interventions where we have reliable estimates, i.e. class-size
reductions.

• Note: This IV result is larger than ’reduced form/first stage’ from Steps 1 and
Step 2 above, which would suggest an effect size of half this size -but based on
different samples.
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Conclusion

• We invest a great deal in internet speed.
• New evidence of impact of access to fast broadband on education outcomes:
doubling speed increases test scores by 7% of standard deviation.

• Combining a number of detailed geographical datasets: geo-coded
administrative student data, geo-coded postcode-to-exchange station mapping,
universe of English house price transactions, GIS-computed postcode-level
amenity variables.

• Carful strategy to deal with endogenous placement/persistence in Geography
that could bias estimates exploiting speed-distance relationship.

• Interesting effect heterogeneity by income: contribution to widening gap in
income/education relation.

• Thank You !
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Heterogeneity of ICT Effect - year
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Heterogeneity of ICT Effect - subject
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Heterogeneity of ICT Effect - age
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