
skills and abilities. For example, in the case of
problem solving, one can easily measure how often
a user attempts a given problem. Attempt frequency
(especially if each attempt is different) correlates
highly to improved problem solving. Similarly,
bymonitoring users’keystrokeswhile they navigate
search engine results, we can distinguish between
hypothesis-driven searches and random searches,
another key indicator of advanced problem-solving
skills.

Sustainability
The last major hurdle in expanding the use of game-
based learning is arriving at sustainable business
models. Academic game development, which de-
pends on living from one grant to the next, is in-
herently unsustainable. However, if funders could
lay the foundations in an initial grant, the same learn-
ing materials could transition to profit-generating
models that could be used to expand the material’s
reach after small-scale academic development is
completed. These models could include corporate
sponsorship, dual pay (free to some, but a fee for
others) or sliding-scale fee models, subscriptions,
site licensing, and the sale of virtual goods (e.g.,
virtual clothing to be worn by the player’s in-game
character, downloadable wallpapers, electronic
books that give game hints). Other business models
could include leader sales to countries with na-
tionalized education systems and hence centralized
buying power, partnerships with commercial game
distributors, and microcredits for microknowledge
(a far-future economic conceptwherein a userwould
pay, say, $0.99 to learn the Pythagorean theorem via
a small educational module, in exchange for a math
mini-credit that could aggregate with other mini-
credits toward a degree). Tomy knowledge, none of
these methods has yet been used to sustainably
support academically developed games, with the
possible exception of corporate sponsorship,which
has supported the growth of academically devel-
oped but for-profit–operated Whyville.

Summary
Although the field is still in its embryonic stages,
game-based learning has the potential to deliver
science and math education to millions of users
simultaneously. Unlike other mass-media experi-
ments in education (e.g., TV, Webinars), games
are a highly interactive medium with many key
attributes shared with sophisticated pedagogical
approaches. Large-scale adoption, however, still
awaits key infrastructural developments to improve
quantity (of users), quality (of product), and sus-
tainability (of business models).
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PERSPECTIVE

Laptop Programs for Students
Andrew A. Zucker1 and Daniel Light2

With the continuing decline in costs of technology, programs are proliferating worldwide
to put networked laptop computers into the hands of millions of students on a routine basis.
The reasons policy-makers support these programs are based on economic arguments, equity
concerns, and widespread interest in education reform. Studies of laptop programs in schools
report that they increase students’ engagement in school, improve technology skills, and have
positive effects on students’ writing. However, evidence of the effectiveness of large-scale laptop
programs in other learning domains is scarce. Research in many nations suggests that laptop
programs will be most successful as part of balanced, comprehensive initiatives that address
changes in education goals, curricula, teacher training, and assessment.

Interest in providing laptops to schoolchildren
has been growing for more than a decade,
with a school in Australia beginning what

may have been the first such program in 1990 (1).
Traditional manufacturers now offer many laptop
models costing under US$900. In addition, less-

expensive laptops especially designed for children
and schools have become available, including the
XO computer designed and distributed by One
Laptop Per Child [a spinoff of the Massachusetts
Institute of Technology (MIT) Media Lab] and
the Intel Classmate personal computer (PC). Ultra-
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low-cost computers such as these typically include
flash memory instead of a spinning hard drive,
smaller screens, and fewer external ports. At the
same time, they and others like them may offer
features of particular interest to schools in develop-
ing nations, such as low power consumption, a
free or low-cost operating system, and the ca-
pability to establish a mesh network with other
computers.

With declining unit costs, policy-makers around
the world are investing large sums of money in
laptop computers for students and teachers in
elementary and secondary schools. In the United
States, the state of Maine provided every middle-
grade student (ages 13 to 14 years old) with a
laptop beginning in 2002, on loan from schools
like a textbook. Pennsylvania’s Classrooms for
the Future program is providing classroom sets of
laptops to more than 500,000 high school stu-
dents. Uruguay has recently distributed 120,000
laptops and plans to buy 300,000 more. Portugal
announced it will provide 500,000 computers to
students, and Venezuela has ordered 1 million
laptops for children, which will be assembled in
Portugal based on the Intel Classmate PC design.
Australia, Chile, Columbia, Libya, Mongolia, Nige-
ria, and South Africa are among the many other na-
tions supporting at least pilot programswith laptops.

The reasons given by policy-makers for invest-
ing in these programs vary. There are economic
arguments, based on improving students’ technol-
ogy skills, creating a better educated work force,
and attracting new jobs; equity concerns, to sup-
port students from low-income families whose

access to technology and information is otherwise
restricted; and education reform issues, as policy-
makers try to make schools more effective and
provide students an education that prepares them
for life in the 21st century.

The growth of laptop programs globally has
been fueled by widespread discontent with the
status quo in elementary and secondary educa-
tion. Computers and globalization have changed
skill requirements. Schools are being asked to in-
crease the quality of education, notably by provid-
ing more students than in the past with advanced
skills and the ability to be flexible thinkers and
problem-solvers. At the same time, in many de-
veloping countries there is a demand for deep
reforms in education to help create a more
democratic, participatory, and responsible society,
which calls for substantial changes in the schools
(2, 3). Those countries, which are only now
beginning to move away from traditional educa-
tion systems, often see technology as one of the
keys to transforming their education systems.

Programs to provide students with laptops
and related technologies use various devices and
differing usage or ownership models. In almost
all cases, the laptops are wireless and provide
students with access to the Internet and a local
school network. Programs providing students
with personal laptops to use during the school
year are often called one-to-one (1:1) computing.
Some 1:1 programs allow students to take their
computer home; others do not. A few 1:1 pro-
grams (such as in Henrico County, Virginia, in-
volving more than 25,000 laptops) subsidize home
access to the Internet for low-income families.
Australia is aiming for 1:1 but has begun by
offering schools grants for one computer per two
students (www.digitaleducationrevolution.gov.au).
In contrast to 1:1 computing, tens of thousands of

schools in many nations have invested in class-
room sets of computers, generally with wireless
networking capability, which are either shared by
many classrooms or assigned to only one. Al-
though students in those cases are not provided
with a personal laptop, some personalization can
be provided if students’ documents are stored on a
server and are thus available from any machine. A
few school systems have adopted “thin client”
solutions, meaning that the machines students use
are cheap and easy to maintain, whereas the major
computer power and the software are provided by
a small number of computers or servers. The
republic of Macedonia (formerly part of Yu-
goslavia), for example, uses inexpensive computer
terminals linked to regular PCs, at a seven-to-one
ratio, for its 360,000 students (4).

What these varied approaches have in com-
mon is putting powerful, networked computer
capability into the hands of more students on a
routine basis. And as interest has grown in laptop
programs, especially since 2001, schools have
also adopted related digital tools and services, in-
cluding online courses, interactive electronic white-
boards, handheld devices (sometimes called clickers)
that beam students’ answers to a receiver and a dis-
play, graphing calculators, and “probes” for col-
lecting science laboratory data in digital form (5).

Evidence of Effectiveness
To measure the extent to which a laptop or other
technology program is effective, one must know
the goals against which success is measured as
well as the outcomes. One would also like to have
information about the nature and quality of the
program design and about details of implementa-
tion so that reasons why programs do or do not
work can be better understood (6). Gathering and
analyzing all of those data is expensive and a
challenge.

A widely reported outcome in both the de-
veloped and the developing world is that pro-
grams providing computers to schools increase
the technology skills of teachers and students
(7, 8). Sometimes, as in the case of the World
Links program supported by the World Bank in
26 developing countries, this is an explicit pro-
gram goal (8).

Research and evaluation studies also report
that laptop programs increase students’ engage-
ment with academic work, which is an important
finding given the large dropout rates in many
secondary schools (7, 9). Participants are often
enthusiastic about laptop programs, including
teachers, students, parents, and administrators
(10, 11). As a result, many programs have been
supported for years.

Not surprisingly, research also shows that at
school students use laptops frequently to search
for information of various kinds. Students report
that they benefit from Internet search tools and
digital resources that allow them to access in-
formation more quickly and efficiently (12).

1The Concord Consortium, 25 Love Lane, Concord, MA 01742,
USA. E-mail: azucker@concord.org 2Center for Children and
Technology, Education Development Center, 96 Morton
Street (seventh floor), New York, NY 10014, USA. E-mail:
dlight@edc.org

Table 1. The estimated 5-year total cost of ownership (TCO) for a smart classroom in an urban
secondary school in a developing nation, based on using ultra-low-cost computers and the Linux
operating system. [Adapted from (31)]

Cost item 5-year TCO % of TCO

Initial costs per classroom
Hardware $11,397 17.5%
Retrofitting, networks, cabling, and deployment $1,779 2.7%
Total initial costs $13,176 20.2%

Recurrent costs
Training $16,000 24.5%
Internet $2,100 3.2%
Service and support $20,801 31.9%
Electricity and consumables $636 1.0%
Total recurrent costs $39,537 60.6%

Hidden costs
Replacement computers, repurchase, and deployment $10,043 15.4%
Other $2,533 3.9%
Total hidden costs $12,576 19.3%

Total 5-year TCO, 32 seats $65,290 100.0%
TCO per seat $2,040
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There is strong evidence—but usually drawn
from studies besides those focused on laptop
programs—that a variety of specific educational
applications of computers are effective. For ex-
ample, using a word processor has been shown to
help students learn to write (13); certain drill-and-
practice applications assist students in learning
facts and skills (14); some science laboratory sim-
ulations can be more effective learning tools than
actual laboratory equipment (15). (Other articles
in this issue supply additional information about
particular computer applications.)

In some cases, there is evidence that laptop
programs are important contributors to students’
academic achievement. A public charter high
school in Colorado that serves many students from
low-income families provides an example (16).
Physics classes there make use of an interactive
electronic textbook stored on students’ laptops,
computer-based physics simulations developed by
a Nobel Prize winner, probes for collecting lab-
oratory data, and other digital tools. In 2007–2008,
30%of the seniors at the school took anAdvanced
Placement physics test, compared to about 3%
nationally, yet students at the school scored at or
slightly above the national average on the test,
making the yield of capable physics students ex-
ceptionally high. The school does not claim that
laptops alone cause this outcome—the teachers
are excellent and many other factors play a role,
including the digital resources used to teach
physics—but data show the laptops are heavily
used for academic work, and the administrators,
teachers, and students believe that the 1:1 laptops
contribute to the school’s success. Animated phys-
ics simulations are part of the electronic textbook,
so students interact and experiment with this text-
book, not just read it. Teachers routinely make use
of computer software called ExamView that pro-
vides instant feedback about how students have
responded to assessment questions, and teachers
may then assign students to groups on the basis of
that information. Several times each year the
teachers study assessment data, gathered using
ExamView, to find out how well students are
performing on education standards. The school’s
alignment of educational goals, instructional ma-
terials, student assignments, teacher practices, and
assessment techniques illustrates that computers
will be most effective when used as part of a
thoughtfully coordinated, systemic approach.

A review of 30 studies of 1:1 programs found
few with rigorous designs, but the studies mea-
suring learning outcomes showed consistent, pos-
itive effects on students’writing skills (7). However,
studies finding evidence of other academic achieve-
ment gains in laptop programs involving large
numbers of schools, particularly studies using quan-
titative methods, are scarce in wealthy countries (7)
and rarer in developing countries. In what is
probably the first study of its kind, the Canadian
government recently funded an evaluation of 1:1
pilot programs in Argentina, Costa Rica, Uruguay,

and Columbia (www.idrc.ca/en/ev-129437-
201_104122-1-IDRC_ADM_INFO.html).A study
underway in Texas is unusual because it is a 4-year
longitudinal study, costs millions of dollars, and
includes not only more than 20 experimental
schools that use laptops but also a matched com-
parison group of schools that do not (12). After
3 years, the researchers found positive impacts of
laptops on technology use and proficiency, in-
creased interest among teachers in student-
centered instruction, reduced student disciplinary
actions, and greater teacher collaboration. How-
ever, there was generally no significant impact on
students’ test scores in reading and writing and
only a weak impact in mathematics.

Policy research from many countries finds
that a key difficulty is that instruction often focuses
mostly on basic skills and memorizing facts and
less on complex ideas or teaching students to be
flexible thinkers (17–20). Some policy-makers
hoped that the introduction of computers would
lead directly to better instruction. However, the
Texas study found that the availability of computer
technology by itself had little or no impact on the
intellectual challenge of teachers’ lessons, con-
cluding that across classrooms lessons generally
failed to intellectually challenge students.

It is clear is that simply providing computers
to schools is not enough to increase student
achievement or change the nature of instruction.
At aminimum, learning goals, curricula, teaching
strategies, and assessments must change as well.
Also, computers are often underutilized (21–23).
Leaders must provide teachers and administrators
with a clear vision of how computers are to be
used; appropriate digital resources must be made
available; effective, ongoing professional devel-
opment needs to be provided to teachers; tech-
nical support must be available for computers,
networks, printers, software, and other compo-
nents; local leaders, including school principals
and teacher leaders, need to be trained and sup-
ported; and so on. For example, one crossnational
study found that teachers’ competence in using
technology, as well as the amount of their training
in uses of technology for instruction,was associated
with greater use of technology for instruction (24).

Costs/Affordability
Despite these challenges, interest in laptop pro-
grams is likely to continue growing, in part be-
cause a new generation of low-cost laptops has
been developed, including the OLPC XO ma-
chine, the Intel Classmate, the Asus Eee PC, and
others. Someday there may be a $100 laptop,
although no one has yet achieved such a low
price. The cost of installing wireless computer
networks also declined greatly in the past decade.

Regardless of the price of technology, the
investments in creating effective laptop programs
are large. The Australian government has re-
cently committed Au$1.2 billion for its school
technology program. In the U.S., one national pro-

gram alone, the E-Rate program, has spent about
US$20 billion since 1998 to help connect nearly
all schools to the Internet (5).

Yet the cost of laptop programs consists of
much more than the price of buying computers
and connecting them to networks. Schools should
consider the total cost of ownership (TCO), in-
cluding training of teachers and administrators,
technical support, software, replacement costs of
aging equipment, and other items. In the United
States, the direct and indirect costs of 1:1 pro-
grams per client computer are over $1000 annually
(www.classroomtco.org/gartner_intro.html).
Even in the developing world, where labor costs
are lower, one recent estimate of the annual per-
seat cost of a 1:1 classroom is more than $400
(25). Table 1 shows that the hardware itself
composes only about one-third of the total in a
developing nation, whereas training, service, and
support account for more than half.

But it is a mistake to compare TCO to a base-
line of zero. Almost no policy-makers suggest that
all computers and Internet connections be re-
moved from schools or that teachers need not be
trained to make use of the resources available on
the World Wide Web. Indeed, desktop computers
have become far more prevalent in schools in
many nations during the past decade (26). Thus,
alternatives to laptop programs cost substantial
money, too. Policy-makers also expect that laptop
programs will reduce certain costs, such as those
for textbooks and assessments (27).

The Future of Laptop Programs
Computers are different than other technologies
used in schools because they are all-purpose
machines. They can be used as a library, a way to
model invisible phenomena, a communication
device, a link to other tools (such as telescopes or
online databases), a device students use to create
knowledge artifacts in many media, and so forth.
Computers’ flexibility makes them uniquely
powerful educational tools but also means that
quality educational interventions or treatments
cannot be realized simply by providing more
computers.

Policy-makers and the public need to be clear
about the educational and social goals for laptop
programs (which will vary according to local
needs and aims) and assure that the necessary
elements are in place to reach those goals. Po-
litical leaders’ beliefs that computer-based learn-
ing tools are powerful are well founded, as is
shown by research as well as by the everyday
experience of using the Internet. However, if the
goal of laptop programs is to change educational
goals; to improve patterns of teaching, learning,
and assessment; and to help transform schools
into more effective institutions; more needs to be
done than acquire laptops and a corresponding
technical infrastructure. Curricula need to be
revised, better assessments developed, teachers
must learn new approaches, and schools have to
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support teachers as they learn to teach in new
ways. As one study of more than two dozen
countries’ use of information and communication
technology recommended, “policies that adopt a
balanced, holistic approach catering for [the
multiple changes needed] will bemore successful
than policies focusing on one or two strategic
areas” (24).

Poorer nations face particularly challenging
choices because large-scale technology installa-
tions are expensive, and their school systems are
simultaneously trying to extend current education
systems to reach large numbers of unschooled
children (28) and trying to radically transform
schooling. Policy-makers in some developing
nations, such as India and parts of Latin America,
believe that although computers and the Internet
are important for schools, instead of funding 1:1
programs their best strategy for incorporating tech-
nology is to proceed at a slower pace, pilot testing
different approaches in order to identify which pro-
grams effectively meet their needs (29). Computers
are an increasingly important educational tool, but
only as part of carefully designed policies affecting
many aspects of education (30). A laptop program
that does not seriously address the need for edu-
cation reform is not an appropriate option for any
school or nation.
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REVIEW

Online Education Today
A. Frank Mayadas,1* John Bourne,2 Paul Bacsich3

Online education is established, growing, and here to stay. It is creating new opportunities
for students and also for faculty, regulators of education, and the educational institutions
themselves. Much of what is being learned by the practitioners will flow into the large numbers of
blended courses that will be developed and delivered on most campuses. Some of what is being
learned will certainly improve pedagogical approaches and possibly affect other important
problems, such as the lengthening time to completion of a degree. Online education is already
providing better access to education for many, and many more will benefit from this increased
access in the coming years.

In a 1995 Science article, Eli Noam of Co-
lumbia University opined that the Internet
would pave a difficult road ahead for tra-

ditional academic institutions; he wrote, “as one
connects in new ways [the Internet], one also dis-
connects the old ways” (1). Thirteen years after
Noam’s article and 15 or so years after Internet usage

began its rapid acceleration, online learning has be-
come an important element in education, although
it is not evenly distributed across institutions.

The term “online learning,” however, obscures
vast differences in methods supported by this edu-
cational approach. We limit this discussion to on-
line education in traditional, regionally accredited,

degree-granting institutions. Within this discus-
sion, we include “blended courses,” that is, those
that feature some online elements but less face-to-
face time than encountered in an equivalent tradi-
tional course. We do not discuss online education
in the rapidly developing kindergarten through
grade 12 environment, online corporate training,
or the free educational resources (complete courses
in many cases) being made available online by
some universities, such as the Massachusetts In-
stitute of Technology (MIT), Yale, Stanford, and
a fewothers (2). These arewidely accessed through-
out the world but do not provide credit as courses
or as partial fulfillment toward degree comple-
tion. These efforts can thus be thought of as use
of the Internet to disseminate, free of charge, val-
uable, high-quality information, but not credentials,
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