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Abstract— This paper examines low-cost computing projects
for education in developing regions, and presentsome of the
common entrepreneurial and technical problems facedy past
and current initiatives. In particular, we look at various models of
computer usage, and evaluate their appropriatenesaccording to
their effectiveness in education, their socio-cultal suitability,
and economic feasibility. Based on detailed fieldtudies and
interviews conducted in rural Indian classrooms andeconomic
analysis, we show that shared rather than single-es devices
constitute a more realistic and sustainable approdcfor low-cost
computing projects targeting children’s education’

Index Terms— computers for education, ICTD, developindeasibility,

regions.

I. INTRODUCTION

There are numerous projects that target human alewent
in emerging regions by introducing computers inbho®Is.
We find that many struggle because they do not @atety
take into account the significance of the socigbeats of
computer-aided learning and the content availatmetfIn our
research we found organized projects run by goventsnand
state education departments as well as qualityeconthat
effectively introduces children to computers antiarces their
curricular learning. Even in remote villages we ridu
knowledgeable teachers with systematic
computer deployments should be conducted, and Iddren
can be introduced to the use of computers. Initgtifor
classroom computing in developing regions that ignihese
resources in favor of new paradigms of learningsdat their
own risk. In the following sections we delineate ttocus of
this study and present a case for shared user maufel
computing in classrooms in developing regions.

We begin in Section Il by tracing the historicatipaf major
initiatives in this domain and look specifically Abw the
evolution of the“Computers for the Poor” paradigm has
moved towards children as its target users. Weudssbow the
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direction of research in single-user devices hksrta techno-
centric orientation towards technical research aengineering
which has produced well-designed gadgets but inptioeess
has been distracted away from the practical gdat®mputer
use in extremely resource strapped scenarios.

We present three categories of computer usage smoddie
context of children’s education in primary schogb&rsonal
single-user devices, single-user computers in sheoenputer
labs at school, and multiple-user computers shhagetens of
children at school. We then evaluate each of thessge
models from three different perspectives: cost andnomic
socio-cultural  suitability, and eduicatal
effectiveness.

We conclude that for primary school education thared
model of computing is comparable to the single usedel of
computing in improving quality of education, whileeing
more economically viable and better suited to thalities in
developing regions.

II. BACKGROUND

This section summarizes research on IT and techgolo
focusing on initiatives that target human developimeith the
development of inexpensive computers for the massesith
computers as learning aids in children’s education.

ideas on how

A. IT and Development

The relationship between technology and developrhest
been a consistent theme in social sciences. At arana
economic level, the high-tech industry has beert easan
important engine for regional growth, while, at acro-
economic level, computers have been linked with dum
development. The academic community became intatest
the macro-economic aspect of this relationshipesthe 1960s,
with a large body of literature exploring the knedge
economy [1]. By the 1980s, this interest had tatkencolor of
Information Society theory [2]. As major social thists [3, 4]



Initiative Usage Envisioned Actual User Buyer Status in 2007 Strategy
Model Cost (US $) Cost (US $)
Simputer Singleuser, | $100 $200 Low income| Institutions, Discontinued Complete
shareable users Individuals redesign
OLPC Single user |  $100 $135 ($268) | Low income | Government In production Complete
children redesign
Classmate Single user | $400 $200+ Children Individuals In protibn Complete
redesign
Computador | Shared $300 - Kiosks Individuals, | Conceptualized, | Stripped-down
Popular subsidized never produced | desktop PC
NComputing | Shared - $11/access $66/access Classrooms | Individuals In production Server w/
Thin Client | terminal (excl.| terminal (excl.| Kiosks multiple thin
monitor) monitor) clients
HP 441 Shared $250 $250 Classrooms Institutions Discontinued Server w/
Kiosks multiple dumb
terminals

Table 1: Some representative low-cost computing itiatives

joined the bandwagon in the 1990s, industry intehesthe

field grew. By mid 1990s, the subject captured ititerest of
many international agencies [5][6][7][8][9], intextional

funders like the IDRC and USAID, national governmsem

Latin America, West Africa, and South Asia, nonffiro
implementation agencies from all over the world,vasdl as

corporations [10]. This wave of interest quicklgrisferred to
the micro-economic realm, and the first projectplesing the

relationship between computers and human developmere

born. Two of the main focuses for these projectsewte

creation of inexpensive computers for the undeestimasses,
such as the Computador Popular (Brazil) and thepGien

(India) initiatives [11], and the use of computerschildren’s

education.

B. Inexpensive Computing Devices

Historically, there have been numerous initiatit@geting
the creation of “computers for the poor”, but theest for such
devices has been an elusive one (see Table 1sfleetion).

Computing-for-the-Poor Initiatives: Arguably the original
“low-cost PC” was IBM’s PCJr. in 1984 which was tehed
with much fanfare, including a magazine devotedtteven
before its actual release. The product led to aewafvclones,
some fairly successful, including the Tandy 100@ugh did
not itself succeed in the market due to desigressiihis first
low-cost computer was not intended as a “computerttie
poor”, but it was an attempt to extend the rangepebple
having access to computers (in this case from bases to
home users), by drastically reducing device costs.

2 While the estimated price for future sales is atb$135, the actual
cost of ownership (including maintenance) agreeshup the MoU
between OLPC and Libya was of $208 per unit.

. Comparison of costs and the current stasiof implementation.

The second wave of low-cost PCs came in the eayg of
the World Wide Web. Products such as the Net PCewer
conceptualized, but never made it to productiortabse the
90’'s were a period of such rapid decline in PCgwjchat a
low-enough threshold for a “computer for the poas' then
imagined, would be attained by the market withowt aeed to
innovate.

The market then was middle- and low-income houskhiol
developed countries. Initiatives targeting spedamputer
needs for the developing world took off only afttdre
normalization of demand in developed countriesha tate
1990’s. This new wave aimed to concurrently deigh whree
problems. The first, and most emphasized one, wes t
reduction of the device cost. Second was the areatf form
factors and functionalities specific usage in depilg
countries, accounting for the lack of urbanizati@md
infrastructure. This second factor was frequentjyated with
building robust machines that withstood harsh weathust
and poor quality power. The third factor was that‘usage
appropriateness”, including issues related toditgy cultural
appropriateness and social norms of resource gharin

The pioneer in this most recent wave was the Sierput
project that originated in 1998. The Simputer (Sanp
Inexpensive Multilingual Computer) aimed to addrakshese
three sets of issues. The device was sold at afisatly
lower price point of US $200 compared to the averag
computer cost of US $1000 on the market, even thougas
originally envisioned to cost as little as US $18@cond, the
Simputer came in a strong casing and a plasticrdovedusty
and hot weather, and large sturdy buttons for rauggh Finally,
there was a lot of investment in making the Ul e@syse by
first-time computer users, with speech synthesis
accommodate illiteracy. The device was easily stdes
allowing each user to utilize their individual framemory.

Around the same time, the Computador Popular (C& w
conceptualized in Brazil. As opposed to the Simputieey

to



only innovated on trying to minimize the cost oé tilevice. In
fact, the CP was nothing more than a plain, stdpgewvn
version of a PC running Linux, but the project wasre
important for a different reason: it was the fipgbject to
actively seek state intervention to subsidize aéstomputers
by reduced taxes and loans. This device was taibedoat US
$300.

By the turn of the century, there were numerougegis in
this space, and a number of major technology ptagezated
“computers for the poor” products or initiated rassh in this
direction. Almost all of these players departedniigantly
from their core businesses and competencies ta tignd at

Intel, HP, AMD) in terms ofproduction marketing and
distribution In terms of production, these new devices @it n
enjoy large enough volumes to decrease their cgsifisantly.
Cost considerations also prevented device custdimizaand
constrained manufacturers to build a single versiom device,
rather than a suite of products. For example, tiemnly one
version of the OLPC, two versions of the Simputere of the
Classmate and so on. Such products are difficulseib to
institutional buyers such as schools, who are lesined
towards experimentation with untested products. e
marketing side, a unique and almost universal ntende
approach taken by producers in the ICTD space le&En b

selling new devices to a market that had not bedth an the engaging governments in a range of ways — from tax
idea. Oracle had a brief brush with the ‘New In&trnconcessions to direct purchases. This has beeskysirategy
Computer’, which was priced roughly at US $199rteth that has rarely worked well due to a range of factstate
around 2000, and was abandoned around 2003. Chiforities in more basic spending, equity (thus pineblem of

manufacturer Via Technologies designed a low-cast-BBC

similar to the AMD PIC at a price point of approxitaly US
$250. In developing countries, smaller manufactuxeantured
into the design space with ruggedized products agtihe
SuperGenius Bharat PC and the Beijing Rural PCh(witel).

HP experimented with the 441 device, with a changedix

kernel to support 4 keyboards and screens fromnglesi
processor and priced at approximately US $120@herentire
unit. This attempt was abandoned along with itsepiare-
inclusion program in 2005, although their technglbgs lived
on in products such as the ‘Useful Desktop Mulégli

Recently, NComputing has released the X300 thas lse

cost access terminals connected over ethernetate shsingle
PC with up to 7 users. The current cost is US $20Ghree
users excluding monitors and peripherals.

But probably the most discussed project, and adgute
one with the largest expectations, is the One L@ater-Child
(OLPQ) initiative. Also originally known as the $1@aptop, or
more recently the XO-1, the current price of theicke is about
US $208, but is expected to decrease with volurhi device,
the brainchild of some of the leading scientiststld MIT
Media Labs, is an inexpensive, low-power laptopigtesd for
harsh conditions in developing countries, intended be
distributed to children around the developing wotltdel also
started selling its own laptop branded ‘Classmége’children
in schools at a starting price point of US $400cély Intel
and the OLPC decided to join hands and collabomate

selecting the location for the pilot group of freemputers),
government stability, and procurement process.llyinan the
distribution side, working through the governmenays a
detrimental role by separating producers from thieran
environment within which technology sales and neiance
take place, such as training of local suppliers support staff.

On the demand side of the market, the problems eeea
more challenging. A major concern is planning fog treation
of appropriate content and applications. The Siepat device
different from a typical standalone computer wapeeslly
affected by this — as getting a critical mass ofeli@pers
working on creating applications for it depended s
widespread usage — a chicken and egg conundrumsdine
kind of problem is seen with community kiosks [2&hich
have failed to attract users despite low prices tdua lack of
“things to do” using computers. Designing applicas for
adults that do not have a conscious need for caenpirn their
daily lives is non-trivial, as it is difficult to anvince these
adults to incorporate technology in possibly dising ways
into their livelihoods [23].

From the free market perspective, the “computer tfa
poor” faced its strongest challenge from standard kend
desktop computers. Beyond the US $250 mark, thera i
whole range of Linux-based desktop products aviglabth in
the US (e.g. Lindows Family PC) as well as seveeakloping
countries (e.g. PC for India, ApnaPC). The typicast of an
assembled unbranded machine is also around US t25gh

technology and educational content development. these often come with pirated OS copies. These rigene
computers enjoyed the advantage of being indepérmeany
Experience on the Market: While the fate of the latest specific user segment’s adoption, offering complarab
computing-for-the-poor projects like OLPC remainde seen, computing power to the typical branded PC. Thisais
valuable lessons can be learned from the markedreeqre of important factor, with research showing that theoammtion of
the other similar projects in the past, which unfoately were ICTD products with low-income groups or low-attai@mt
either entirely ineffective or enjoyed very limitsdccess. The populations has a damaging brand impact becauséatbet
reasons for these outcomes were related to botbuimglyand market perceives purchasing “computer for the poas” a
thedemandside of the market. climb-down of status. Similar effects have beeneobsd both
On the supply side, the companies producing thesecbst with subsidized community kiosks [26] and with mdfighed
devices were either not typical computer compafgeg. the computers [27].
Simputer), or they were outside of their core corapeies (e.g.



Figure 1: Single ownership model. Each child owns laptop.

C. Computers and Children’s Education

Children’s use of computers has became a growieg af
interest, both as customers of low-cost computimtiatives,
and also more generally as classroom technologg. Bdtame
especially important for developing regions, whetlee
shortcomings in primary school education and thartalge of
adequately trained teachers led to the projectforomputers
and computer-aided education as tool for overconthrese
teaching gaps [12].

These beliefs resulted in a sizeable expansioromipeiting
facilities in schools, with states deploying pragsato build
computer labs in poor rural schools. Projects hi 441 saw
their use in school computer labs; NComputing’'s X368
projected as a low cost solution for building sdhcomputer
labs, the Simputer was designed as a PDA to bedlanong
multiple children; the AMD and VIA devices were dse
classrooms and community kiosks, while the Classnaaitd
OLPC were marketed as take-home laptops for kidP@©
already holds the (unbinding) commitment of moranthl5
countries, including Argentina and Pakistan - ewkaugh
countries like India have rejected the initiatiaeguing that “it
would be impossible to justify an expenditure aétbcale on a
debatable scheme when public funds continue to rbe
inadequate supply for well-established needs” [43].

These programs operate primarily on the assumpgtiam
computers can complement teachers, or make leamimg
valuable in general, but there is little evidenoestiggest that
such assumptions can be taken for granted. Thee isfu
whether or not computers have an overall posithmpact on
children’s learning is not a subject on which theise
widespread agreement. There is even less consemstise
larger issue of schools choosing to invest in caensuover
other types of potential investments.

Figure 2: Elementary school computer lab in Washingpn, US.
Showing the usage model of single user computers
community owned labs.

in

computers are used is especially important in émguboth
education efficiency and equity in education oppoaitly.
There is strong evidence that investment in computan be
highly inefficient [31] and driven by an enthusiasfar
technology instead of the needs of the childrererghs also
evidence that the positive impact of access to ase of
computing facilities can be highly biased [30] doecultural
and cognitive factors.

[1l. FOcus OF THISPAPER

Low-cost computing initiatives often target children the
classroom as a means of improving and equalizirajitguof
education. The successes and failures of thesativits is
determined by how well they are accepted in a @aer socio-
economic context, and by the influence of variowskeat and
political forces. In the end, these factors areeptially more
decisive than the impact on the resulting qualitgducation.
Each initiative's design is motivated by its inteddgoals,
which may have grown from current uses of technployg
education or dreamed up in a lab far from grouradities. The
focus of this paper is to evaluate past and preisgtidtives
along their model of usage, according to theirecid of
economic suitability, education effectiveness amdascultural
suitability.

i

A. Usage Models

We distinguish between three models of computegeisar
child education: (a) Single ownership (Figure 1) Gingle
user per classroom computer/terminal (Figure 2)Maltiple
users per shared classroom computer (Figure 3)e Mmdels
are possible, and indeed, as we will mention, somtiatives
share properties with each model. We find thesegcates
useful, however, for understanding the design dmtss

While studies show that children’s access to coemsut Petween specific initiatives and for demonstrating later

yields clear gains in certain types of skill builgi [29],
especially when these are home computers, theagplisthora
of material to suggest that the context within khithe

sections how the choice of usage model must matisirey
contexts and practices in order to have a long fempact on
establishing more equitable education.



Figure 3: Multi-mouse software grew from existing éassroom
models of shared computers. Shows the usage modehaultiple
users for each shared computer.

1. Single ownership: OLPC and Classmatetn the case of

computer. This design features some shared stejdiowever,
this is not visible to the user and is still suitiedindividual
interaction with computers from within a group segt HP 441
was sold to institutions and schools. NComputing390 on
the other hand connects up to 6 separate accesmads to a
single PC. Each of these access terminals is eedippth its
own monitor, keyboard and mouse thus making ityfull
shareable. Its intended use is to build classroompaiter labs
at much lower cost by reducing the total numbeP©§.

Schools and low-income families were also the idésh
buyers for the Computador Popular (CP). The defigrthe
CP was geared simply to minimize the costs of thedard
personal computer to suit the economic needs anied
buyers.

Devices that target the usage model in which singlers
operate computers that are shared by the commitsnity to
feature low-cost versions of standard PCs. The osiniie by
the community allows for higher prices per unitt bupractice,

the deployment model for OLPC, laptop computers af@e Costis comparable to devices that targetgiesmwnership

intended to be purchased by governments in largatgies
(no less than 1 million units) and issued to cleifdat schools.
The Intel Classmate is a similar small laptop, gesd

specifically for classrooms and is intended foresdb

individual families. The recommended usage is iillial

child learning, parent-child collaboration, or tkacchild

collaboration. The Simputer, a hand held devicéaidurable
casing and buttons designed for dust and head lsadrging

to target the same application domain. This devies also
intended for individual use, but it was easily stadnle, with
pluggable flash memory cards for each user. Givegsd
features, the Simputer could be passed from childhild, or
from home to home with each child or home respdasibr

their individual flash memory. This, as well as athdesign
characteristics of the design (such as speech esisttfor
illiterate users), point to some level of considiera for

existing cultural practices and economic realities the

targeted user base.

All these devices targeting single users are cotapl

redesigns from the standard PC's physical propedia user
interface. Also, they all have fairly small screem®st suitable
for a single user at a time.

2. Single user per community-owned computer/terminia
Computer labs in the US and India: A second usage mode
which has been the standard in US primary schaolwedl as
some developing country schools, is the computér &
classroom dedicated to computer usage where edlh es
access to their own computer in the classroom enmient. In
this model, the responsibility of purchasing andipa for
computer maintenance is shared by the communitye
teacher plays a primary role in educational settitigat adopt
this model, guiding and supervising
interactions.

One attempt to bring cost effectiveness to thisnddad

model. Community-owned computers operate in a group
setting, where group interactions external to thiglecomputer
interaction play a central role in their overaleus

3. Multiple-users per shared computer: Multi-mouse in
rural Indian schools: In rural India and many other
developing regions or impoverished communities, oters
donated to a school may be available, but theyshaeed by 5
students at once, on average. The multi-mouse §37,3
initiative (now termed MultiPoint) is designed teverage
existing infrastructure and practices into a fléxiplatform for
computer-aided learning with the minimal cost ofipleerals
(mouse and mouse splitter). Not only can PCs witlitipie
mice be used to run learning applications for cutdr
material, the keyboards can be used for textuay eéo when
required and thus behave like a standard desktapUriike
the two previous usage models, a wide variety dldathild
interaction styles are available, including compmti parallel
e ; g C ! )
user interactions, and collaborative interactions achieve
group goals. As in the case of the Simputer orctiramunity-
owned computers, each child may have individual orym
devices to work on the shared infrastructure.

The canonical multi-user usage models are videoegam
| consoles (Nintendo, Playstation, etc.) which alfowthe same
'variety of interaction modes (parallel, competitivand

collaborative). To support multiple users, the outds
generally a split-screen display and the inputscangrollers
for each individual. Currently, these consoles sup@ few
educational game titles (e.g. Big Brain Academy)wéver the
Tepst per console is much higher than other initéstidiscussed
in this paper, local language content is mostlyvailable, and

child-computghe platform does not transition well to standafl fBnctions

such as document and spreadsheet editing.

scenario was the HP 441. The goal of the HP 441 twas

support multiple screens and keyboards connected dimgle



Cost of desktop PC that is shared Rs 25000 or 138 $f
Cost of maintenance paid by Govt. folRs 1800 or US $38
each PC (per year)

Cost of teacher (per year)
Cost of laptop (e.g XO-1)

Rs 9770 or US $208

Table 2: Parameters for cost comparison. They areaken from
Government aided deployment of school computers imdia.

In the following section, we present observatiomsf field

Rs 24000 or US $510

I\VV. ECONOMIC FEASIBILITY

In this section, we evaluate the economic feagjbitf
various computing initiatives for schools, and thessociated
usage models. Given the harsh financial constradotst is one
of the most important considerations for any obthmitiatives.
We consider both initial capital costs and runniogsts,
including replacement, maintenance and additional
expenditures for developing appropriate contentteaiding of
teachers.

An economic analysis of the “computers for the poor

studies in rural India in which children play edticaal games projects is necessary because these projects lypiealty
with shared input using the multi-mouse, as welkailence targeted government buyers, projecting the promisiof
that children’s learning is improved in the mulépiser usage computers to children as a state responsibilitye Thost

model in typical learning scenarios.

B. Evaluation Methodology

Design considerations of low-cost computing initi@s for
education depend on the envisioned usage modelthén
previous section, we showed how previous initisiveave
varied in their strategies of cost-minimization amarketing
(depending on intended buyers and users). The tirggul
initiatives support certain types of learning iakgion,
depending on the number of users and the overaliexb of
use. Single user models seek to redesign exisgaghtng
practices and infrastructure. The multiple-user el®deek to
support a variety of interactions that build onstixig teaching
practices and existing infrastructure.

In the following sections, we will show that factdoeyond
the cost per unit of each device can predict winddels are
more or less effective in facilitating more equieabducation.

important criticism of such projects, and often owery
difficult to address, is the argument that moneyldde better
spent on school buildings, safe drinking water #&mitets in
these schools, books, additional teachers and swiunh are
all basic needs and with immediate returns on itmest. In
contrast, computers in education address lesggstitnneeds,
and only have a long-term return on investments kot our
goal to claim here that the hierarchy of needsment applies
in absolution, and that investment in computersukhde
preceded by the solving of all other world problems
Governments all around the world are introducinghpoters
in schools, in moderation, attempting to balancesé¢h
expenditures with more basic ones. However, itsseatial to
ensure that the already scarce resources aresdtilizthe most
effective way. It is notable that the two countriaghest ahead
in adopting OLPC-type schemes are Libya and Nigdxah
nations that have limited political opposition ietting these
schemes accepted at the highest levels.

1. Cost: For each of the usage models, we will examine ti. Reduction of computing cost

costs of production, maintenance and training.dditson we
analyze economic projections for governments oembuyers
to achieve intended goals.

Most low-cost computing initiatives are reducing ttapital
cost of hardware by riding on the computer industry

2. Education effectivenessBased on the additional field workexponential trends of increasing integration andgomance.

in primary schools of rural India, we analyze tlileciveness
of learning with different usage models. We usdisteal
findings on test results taken by children beforel after
computer use. We also examine how children use aterpin
their educational context in rural schools.

They also downgrade or remove certain components the
final device. Such initiatives often use low-endoqassors
(OLPC uses the AMD Geode, Classmate uses low pbvelr
processors), replace hard disk with flash memang, @move
other capabilities like high-end graphics, optidaives, and

3. Socio-cultural Suitability: Qualitative results from detailed peripheral connectors.

field work in government primary schools in ruratlla inform
the appropriateness of a usage model in the soocigkxt of
the children using computers. In particular, wesprg the
opinions of 165 parents of various education leviedsn a
wide range of districts in India who were intervedvabout the
use of computers in child education and how theicgieed
the relative roles of teachers and computers. Msogio-
cultural factors we present are unique to ruraldnd#iowever,

The cost of ownership can be reduced by lowettimg
running cost of power. Power consumption can beiced by
using lower power displays and smarter sleepingrigeies.
Interestingly, refurbished computers have performpedrly,
due both to maintenance and to disenchantment “a&tond
rate” computers [10].

in many ways, the contextual factors we discuss areThough the overall cost of computing has gonerdaone

representative of other developing regions.

of the low-cost devices have broken the off-thefsd& $200
mark, not including the cost of maintenance. OLP&®©-1



Metric Scenario 1 | Scenario 2| Scenario 3
No. of computers | 149.4 15.19 4.0
(million)

Total initial cost 31.06 8.08 2.15
($billion/year)

Cost of replacement 6.21 1.62 0.43
($hillion/year)

Cost of 5.72 0.58 0.153
maintenance

($hillion/year)

Cost of teachers 0.483 0.483 0.483
($hillion/year)

Total cost 12.42 2.68 1.06
($hillion/year)

Table 3: Comparison of costs for various scenarider
deployment of computers in all rural schools of Inéh (total of
165 million students in 1.04 million schools)

laptop expects to achieve this by selling the haréwin
batches of at least 1 million. However, accordimg the

Table 2 summarizes the cost parameters involaedur
comparison, based on latest figures from OLPC hedndian
government. For the scenarios where desktop comypate
used in classroom (scenarios 2 and 3), we use fipges
reported from current deployments of computers ndidn
schools (expenditures for teacher salaries andter@nce of
equipment that the Government provides) and reorket
prices (for the price of desktops). We assume augia
deployment model where computers are introduced five
years. Assuming that the lifetime of the computersalso
about five years, the replacement capital costtferhardware
every year is one fifth of the total capital coAte also assume
that each school has only one computer teacher.

The cost comparison, showing the total costygear for all
the three scenarios is presented in Table 3. Abeaseen from
the table, the annual cost of providing shared aderg (1 per
40 children) to all of 149 million Indian studerigsonly about
US $1.06 billion a year. In contrast, the annuglesxditure of
providing laptops to every child is about 12 tinmégher at US
$12.42 billion. These are conservative estimatasitnore the
additional costs of running such a large prograchsas the

contract between OLPC and Libya, the cost per @eVigecurring cost of power and other infrastructursdhools, the

including maintenance, is US $208. Interestinglptells
Classmate PCs were initially sold at a price of $80, but
their price is expected to fall to around US $280ne&ll. The
cost of NComputing’s X300 is also expected to falUS $11
per access terminal in large production volume$. [47

B. Cost Comparison

To compare the economic viability of various dephant
models, we consider the capital and operationalt adfs
providing computers in the whole of India. As dissed earlier
in Section Ill, we consider three scenarios:

1. Single ownership model.

2. Single user per community-owned computer/ftermingke
assume a ratio of 1 computer per 10 children instifeol.
During classes, each child gets his or her own otmp

3.

During computer classes, 3-5 children share a ctampthis
can be done with or without multiple input devices.

We use data about schools children distributionindia
from [46]. Approximately 1.04 million schools india serve
about 165 million children between the ages of @ 48. The
schools vary in size, serving less than 30 studentsore than
300 students. Approximately 91% of all schoolsndia, and
overwhelmingly so in rural India, are governmerdeal and/or
managed schools [35]. Infrastructure resourcekérd schools
are very scarce - 59% of all Indian schools havesate
drinking water, 26% have no blackboards, 89% haviitets,
and less than a quarter of the schools have furalt@ccess to
electricity [36].

cost of developing educational content in locablaages, and
the cost of providing Internet connectivity to sol®

The total public expenditure for India on educatieas
about US $22.9 billion (3.3% of GDP) in 2004 [1X]wehich
30% or US $6.8 billion was allocated for primanhasaling
[37]. In these conditions it is unrealistic to egpéhe Indian
government to spend more than half of the educdiimget on
buying computers, especially without having anyrgogees on
the educational benefits of such a program.

V. EDUCATION EFFECTIVENESS

An important comparison across usage models is dgne
looking at the educational value provided by thosedels.
Education scientists would have an open debate hen t
question of how to best define value. Howevers passible to
compare across usage models, relying on studids egisily

Multiple-users\We assume a ratio of 1 computer per 40 Ch"dr%antifiable metrics based on objectively assessizrming

outcomes.
Few studies focus on learning outcomes in the singl
computer per computer model. The OLPC project astisg
field studies with the XO-1 project in a few coues. The
Maine Laptop per Child project [44] conducted soshedies
but results did not find that a separate compugercpild leads
to strong and measurable changes in learning ogtcuatrics.
However, for scenarios with computers inside tressioom,
we present preliminary results from India for vasosingle
and multi-user scenarios, using single or multipfeut devices.
Our study in India shows that learning effectiven&gth
collaborative learning on multiple input computean be as
good as learning with single user computers insctasms, for
some types of learning outcomes. A key reasonhiergeems



to be the inherent social nature of learning pregiéh shared
computing scenarios which is absent from singlesBé€harios.

A. Study methodology in India

We conducted observations and qualitative intersiduring
May 2005 and August 2006 of 22 schools in Indib¢catering
to children from disadvantaged backgrounds. Thealshvere
selected based on regional profile and longevitgarhputer-
aided learning programs running in them. These narog
were state-supported and contracted
Foundation, an NGO that sets up computer aidechilegr
centers for children. A total of 179 interviews weronducted
with parents, teachers, a variety of stakeholdersloical
education, and policy-makers on their views abauhguters
in schools, and the short- and long-term goals lufirt
programs. Observations were conducted Bfabd &' grade
children in the schools visited, as they sat imffraf computers
and used the applications provided to them by thedls.

We tried two approaches to work towards the goal
providing equity to all users around the sharedus= (the
PC with the learning application) — first, enforcessource-
sharing, and second, multiple-input. Results phblis
elsewhere [45] showed that in the former casegthers often
some degree of collaboration between children, @ajie as
the ‘alpha children’ — i.e. the typical mouse coftiers (usually
the scholastic achievers within groups) tended iscuds
learning material with others in a group, therebgding to
some impact on learning. However, in practice, thiss a
difficult goal to realize as the alpha children \grémpatient
with their role as surrogate teachers, and wantuptete
control for themselves.

Due to teacher shortages, children are often requo learn
and manage how to use computers themselves andimitbd
teacher intervention, thus making supervision-isiea tasks
difficult. As a result, children who established ntoance
among their own small groups of colleagues tended
repeatedly be ‘mouse-controllers’ who dictated pgaee of
computer-aided learning sessions. Observationy@fentact
with  screens showed that mouse-controllers
predominantly in command of the entire interactiand
learning trickled down from them to other childrén.short,
our key finding was that with regard to computersschools
even where equitable access was available, thendgaaof
sharing between children often created new formpamfer
structures, generally to the detriment of the e¢kidwho are
most in need.

B. Experiments with Multiple Input Devices in India

Following our initial findings on device-sharing,ewtried
using a single computer with multiple mice on tgplications
to see if there was any difference in childrenariéng in the
new modality. Looking at the educational applicasidoeing
used in the schools, we tested a word learningicgijan in
Sep 2006 with 238 children (11-12 year olds) inaas single
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and multi-user scenarios, using single or multipput devices.
The children were shown a number of words that veen to

them, and then they were asked to identify the wdrdm

multiple choice options. The application was blike a game
and tested in real classroom settings in ruralandh two

schools selected from among recently instituted puder

aided learning programs.

Mode Word | Engage | Response | Decision | Dominate
ji Gain | -ment | Error making | by 1 child
1 4.11 Hl.gh’ Low Indiv. n/a
tails off
2 3.77 Low Very Low | Collab. Varied
Very . .
3 3.6 high High Indiv. None
4 4.3 High Very Low | Collab. Varied

Table 4: Words learned during tests across singlena multiple-
ofser shared-input modes (N=238=0.5)

Children were tested for a list of English wordd$obbe and
immediately after the test — words which were ideld in the
test application. Children were asked to play imddes — (1)
single-user, single input mode; (2) multi-user Endnput
mode; (3) multi-user, multi-input competitive mod4) multi-
user, multi-input collaborative mode. All multi-usmodes had
5 users. Of these, mode 1 was a simple singlegisgle-child
mode, which is the model for which most applicagicare
designed. Mode 2 was the closest to what is thiedypisage
scenario observed in India (and elsewhere) withynwdaildren
at one computer, but only one controlling the mouseéMode
3, each child had their own mouse, and the child wlicked
the right answer first got points. In Mode 4, eatiild had a
mouse, but the application moved to the next statg if the
children had all clicked on the correct response.

t During two rounds of experiments [45] with a totdl 238
children, we found that for the specific applicatiof word
learning, children were able to consistently rethi@ most in

wergode 4 (results shown in Table 4). The stark diffiees in

results came when we looked at results separatelyebder,
and this emphasizes the social nature of learrasggender
influences social behavior and engagement whichtuim

affects learning. Overall, a key observation waat flor this
learning task, multiple mice could offer the sansmdfits. In
the competitive mode however, learning was hampexredhe
competition lead to a decrease in collaboration.

We hence found that increasing access to input meds
enough to make the learning more effective, collaton was
an essential part to improve the quality of leagniMore
detailed results from these tests are included igreater
exploration case elsewhere [45]. The tests were 0sdy to
establish short-term retention (a knowledge retentiask,
which is similar to a lot of educational tasks ihede
communities — be it computer applications, or stateducted



Reasoning Preference for | Fraction of
location of parents
computer (%)

Cannot learn at home School 31

Only teachers can teach School 32

Children will learn better in School 24

collaboration

Don’t want responsibility School 8

Lack of power etc at home School 4

Ease of access, device safety = Home 3

Table 5: Parents beliefs about computer usage model

board exams), they were useful in creating an divease for
collaborative learning over single display groupsvé8DG) for
learning, a case that has in the past also beere noéd
mathematics [40, 41] and visual learning [42].

VI. SOCIO-CULTURAL SUITABILITY

A common criticism of the “computers for the poatévices
has been that these have not been grounded in design
principles that look at devices contextually, angl designed in
a lab-centric rather than need-oriented paradigth [1

Two important factors that need to be evaluatedndrether
the computer usage model under consideration takdaiin
the actual social context and whether it wouldwiill with
existing teaching methods in developing counti@st goal is
to work within the limitations of the current depfoents that
are already happening and work incrementally toreiase
access for all children.

Parent's Beliefs about Computers and Education:Our
own primary research showed that both parents aadhers
controlled the amount of time that children werlwed to
work on computers in India, often very restrictivaince the
computer was the most expensive, or the only @etrgadget

at home. As many as three years into having actess

computers, teachers in some schools still let ohilduse the
computers only under their supervision. Likewiseanm
parents did not allow their children to use thevalion sets at
home. The idea that parents, especially those iy peor
families with no household assets will allow and@irage use

disfavored the single ownership model adopted by Oland
Intel Classmate, most of them citing the primarye rof
teachers as their reason for preferring computesshools.
Due to a system of education very centered on tsiread
learning coming from the teachers to the studgrasents were
not convinced of games as having a positive rol@lay in
children’s learning, and were more concerned witsueing
children’s progression through curriculum. Compsiteare
generally seen in a positive light and benefiaathildren, but
mostly so long as the work on them leads towardgebe
learning immediately. For example, when asked & fame
amount of money should be spent on teacher salariasnew
computer, 60% of parents felt that additional teashwould be
a better investment for learning, whereas 40% thottat the
one-time purchase of a computer would positivelypant
student learning.

Compatibility with existing teaching methods: We also
found that early exposure to computers in develppountries
comes through curricular content based on the dambin
teaching methodologies which tend to be highlycitmed and
instructive rather than constructive. We found atno
universally that computer-based learning materiar f
children’s reflected the classroom: created in arrative-
interactive’ loop fashion, with the application fideg some
content first, and following it up with multiple-ofce type
questions testing a child’s understanding of theene. We
found to be highly compatible with content on midput
single-screen computers.

The central role played by teachers in making suolgrams
effective has been much discussed [32], as hasd#e that
class and cognitive issues impact the level andptexity of
access that is available to children. Social ctass also have
an impact on computer learning: There is evidencat t
children from marginalized and underserved groepsl to do
more drill-type activity, whereas children from la#nt
backgrounds tend to get greater access to higher aetivities
and creative resources on computers [33].

VII.

Low cost computing initiatives that target childuedtion in
developing regions adopt a particular usage modeictw
informs the design and market strategy of eachcgesingle

CONCLUSION

of computers in the same way as parents in developavnership models, where each child owns a laptopuse at

countries may be a gross overestimation.

To dig deeper, we conducted interviews with 165eptr
across 4 districts to determine parents' feelitgaiathe use of
computers in schools and homes. The interviews kaimag
wide range of parents whose ages ranged from ZZDtand
who had completed between 0 and 12 years of educafhe
interviews revealed an extremely important roleyeth by
parents in decisions around children’s use of cderguin
schools. When asked whether parents thought thapaters
should be in schools,
overwhelmingly chose schools (Table 5). In otherdsothey

school or at home may have slight advantages imgtiag

effective learning. The shared usage models, howese

more suited to developing regions for several reas8haring
computers in a classroom is more economically eiaallows
for collaboration among children, a primary role feachers,
and other interactions that stimulate learning emadich current
teaching practices. Furthermore, the shared mdagassroom
computing is already in effect in most developiegions, out
of the need to use scarce resources wisely. l§ta of a low

in the home, or both, paremtest computing initiative is indeed to extend duyadiducation

to those children most in need, then replacingtiegsmethods



and infrastructure with new paradigms of learning antirely
new devices might lead to failure.
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