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Introduction

At the advent of the 21st century, American schools are devoting more and more financial and
staff resources to the task of incorporating technology into the classroom.

This revolution in learning is occurring for many reasons. Increasingly, parents are demanding
that their children have access to the latest technology—and school officials and politicians are
responding.1 Governments at all levels are making more funds available to support technological
improvements. The “E-rate” program, created by the Telecommunications Act of 1996, is
providing an infusion of funds to help schools and libraries get wired and connected to the
Internet. And there is substantial anecdotal evidence that if technology is incorporated wisely, it
can improve the learning experience.

But when a school district purchases computers or installs a network, the cost of the hardware is
only one small part of the expenses it can expect in subsequent years if it is going to use those
technological resources effectively.

In this, a district’s technology budget is no different from its transportation budget. When a
school district buys a new bus, the expense doesn’t stop with the cost of the vehicle. There is
gasoline to keep it running, maintenance to keep it well tuned, repair bills when it breaks down,
increases in insurance premiums and the salary of an additional driver—expenses that all must be
covered year after year.

If school districts don’t do this kind of planning for their technology budgets, there may not be
enough money available to provide teachers with adequate training, to maintain new computers
or to replace them when they become obsolete. Districts may fail to budget for increases in
power consumption or necessary improvements in their physical plant. They may connect their
computers to the Internet, but forget about the additional telecommunications costs associated
with making that connection. As a result, America’s investment in educational technology could
fall short of its expected return—or even produce a backlash against spending additional dollars
on new technology.

As a major Silicon Valley newspaper noted in late 1998: “The question asked in the mid-'90s,
amid the optimistic din created by high tech, was, ‘How do we get more computers in our
classrooms?’ Swiftly, that question has given way to one more difficult—‘How can we afford to
keep them?’ ”2

The goal of “Taking TCO to the Classroom” is to provide school administrators and technology
directors with tools so that they can better estimate the total cost involved when they build a
network of computers and wire their classrooms to the Internet—a concept known in the
business world as Total Cost of Ownership. “Ownership” in this context includes all of the costs
associated with using and maintaining networked computers, no matter whether a school district
owns or leases them. TCO traditionally also includes calculations of costs that may not turn up in
a budget, but that can still have an impact on school district operations—for example, when
computers sit idle because they need to be repaired or when teachers can’t use them because
there is no money available to train staff members.
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We view this as a long-term project because there is very little hard data available on the total
costs associated with implementing technology in schools. Many of the projections cited in this
report were developed in the mid-1990s, as policy makers began to lay the groundwork for a
major push to wire the nation’s classrooms. Now, as more and more school districts have
installed computers, built networks and connected classrooms to the Internet, more “real world”
numbers are becoming available. It is hoped that this document will begin a process of better
defining those costs, and ultimately, creating guidelines to help school administrators determine
whether they have provided adequate funding for all of their expenses so that they can truly
understand the “total cost” of their technology decisions. By better understanding the “problem,”
administrators will be in a better position to evaluate proposed “solutions.”

In detailing these costs, we do not want to deter school administrators from making an
investment in technology. Rather, we want to help them plan for that investment, so that they do
not “bite off more than they can chew.”  This will help ensure that when school districts integrate
new technology, they don’t do it for technology’s sake or simply because it is “this year’s fad,”
but rather to make long-term improvements in the educational experience and ensure that more
real learning can occur in the classroom.3
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A Quick Checklist for Technology Budgeting
After a district has purchased computers and installed a networking infrastructure, here are the
major expenses and technology decisions for which school administrators must be prepared.
These issues are covered in depth in this report.

44Retrofitting: When your district is ready to build a network, has it budgeted adequately to
upgrade electrical capacity, improve heating, cooling and ventilation systems, beef up security
systems and remove asbestos and lead found in older buildings? These costs can be reduced if a
school district plans for future networking requirements when school buildings are constructed or
renovated. In certain cases, wireless solutions may also be possible.

44Professional Development: Has your district budgeted an adequate amount for staff training,
including the cost of trainers, materials and substitutes if training is conducted during school
hours? Training costs should represent a large component of a district’s technology budget. If
staff members are not properly trained, teachers will not understand how to integrate technology
into the curriculum, support staff will not keep up to speed on hardware and software
improvements and the district will fail to achieve the maximum return on its technology
investment.

44Software: Has your district budgeted adequately for network management software,
computer-based curriculum materials, applications and productivity software and the software
needed to adapt technology to the special needs of users? A wide variety of software applications
will give school districts greater flexibility, but will also increase the costs for support and staff
development.

44Support: Has your district budgeted adequately for staff to maintain the network and other
hardware and to help others solve their software and hardware problems? The way in which a
district deploys a network, and the variety of software and operating systems that it chooses to
support will determine the level of support staff that a district will need.

44Replacement Costs: Has your school district budgeted adequately to cover the costs of
replacing computers and other peripherals? The life cycle of even the most advanced multimedia
computer is still only about five years.

44Connectivity: Has your district budgeted adequately to cover the costs involved with
connecting schools to each other and to the Internet? Lower-bandwidth connections will
generally cost less but will involve a tradeoff in the complexity of the information that can be
shared and the amount of time it will take to download files or access information.
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Estimating the Total Cost of Technology
For a number of years, the business world has developed several models for calculating what’s
known as the Total Cost of Ownership (TCO)—all of the expenses associated with deploying,
maintaining and troubleshooting a personal computer in the workplace. Businesses use these
calculations to make strategic decisions on how to build their networks and control their costs.

Consultants have determined that the TCO can vary from industry to industry, reflecting how
computers are used and how a company designs its network. TCO calculations can also vary
based on the formula used to compute it. Some TCO models cast a wide net and try to quantify
all of the “soft costs” associated with a computer, including how much time employees waste
playing with their computers or trying to troubleshoot their own hardware or software problems.4

The business world bears some resemblance to the administrative side of a school district, where
networked computers, if used effectively, can increase productivity and achieve efficiencies.
Traditional business models for TCO, however, may be less useful in the classroom setting,
where computers are not used in the same way as they are in an office setting or customer service
center.

For instance, in 1997 International Data Corp. surveyed 400 school officials and calculated that
the Total Cost of Ownership for a school with 75 computers was  $2,251 per year per computer,
while a comparably sized small business had a TCO of $4,517 per computer, or more than twice
that amount. IDC said this difference resulted from four factors: schools purchase less expensive
PCs at larger discounts than businesses do, educational software packages are priced lower than
business software applications, schools use roughly half the number of people that businesses do
to support the same number of PCs, and schools typically use their computers for five years,
compared to three years for businesses.5

In late 1997, the Denver Public Schools developed their own projection of their Total Cost of
Ownership as part of a five-year tech plan. The school system calculated that over five years, the
support and staff development costs for a $2,000 PC were $1,943.73 a year, including $500 in
parts and upgrades—a figure within about 13 percent of the IDC calculation. As a point of
reference, the district reported that it had achieved a ratio of one computer for every six students,
and one multimedia computer with Ethernet/Internet connectivity for every 18 students.6

Most school districts—and analysts’ cost projections—have tended to focus on the out-of-pocket
costs associated with building and maintaining a network. Traditional business Total Cost of
Ownership calculations, however, usually go beyond that to produce a more complete picture.
For instance, one school district might calculate that it spends less per computer than another
district because it spends less on support staff. The first district may have either created an
efficient network that can be managed centrally with fewer staff members, or it may not be
providing adequate staff to trouble-shoot the problems of its computer users. Unless the school
district calculates how much time is wasted when networks are down or computers don’t work, it
won’t understand what its true costs are.
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As one TCO expert writes, “Organizations, regardless of size or nature can use client
satisfaction, service levels and business risk as performance measures. In the end, optimizing
[Information Technology] requires looking beyond bottom-line costs and taking into account,
people, process, finance and technology.”7

Thus the “cost” of technology is not the same thing as the “Total Cost of Ownership.” However,
before school districts can calculate their TCO, they must first understand all of the out-of-
pocket costs associated with operating and maintaining a computer network.

It is likely that traditional TCO analysis will first gain a foothold on the administrative side of a
school district, where computer use more closely parallels the experience of the business world,
and where productivity enhancements may be more easily identifiable. However, some kind of
TCO analysis can prove just as useful in instructional settings.

The North Carolina Long-Range State Technology Plan, for instance, advises local education
agencies to consider Total Cost of Ownership, defined here as “acquisition, annual maintenance
and upgrade fees,” along with five other factors when they select software and hardware.8

As time goes on, school administrators can be expected to learn more about calculating the
additional costs associated with Total Cost of Ownership, such as the loss of productivity or
wasted investment when computers aren’t repaired on a timely basis, when staff members are
required to trouble-shoot their own computer problems or when computers sit idle because
teachers haven’t been taught how to integrate technology into their lesson plans. When
administrators reach that stage, they will be much better equipped to make decisions about
managing their networks and planning their budgets.

The Big Picture
Although the Total Cost of Ownership for a school district may be less than that of a business,
the cost is still substantial. Many school districts recognize that their initial investment will be a
large one, and support it with bonds, federal or state grant money or corporate donations. What is
harder to prepare for are the long-term costs of operating and maintaining that investment in
computers and networking.

How much will it cost? The answer, of course, will vary from district to district, based on
differences of size, geography, age of physical plant, patterns of staffing and school
management, teaching styles and, naturally, what kind of technology is deployed and how
extensively. What follows is a summary of the best available guidance on the overall costs, as
well as individual budget components. The experience of a typical school district may be quite
different, as it is likely to encounter funding constraints along the way, and different schools
within the district may be at different stages of development.

Districts that have already made a substantial investment in wiring their classrooms now
typically spend between 2 and 4 percent of their overall budget on technology; but many
planners argue that even more should be spent.9 A 1998 study conducted for the Milken
Exchange on Education Technology found that among 1,990 districts in 21 states, 5.6 percent of
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their capital budgets, on average, were spent on technology and 3.4 percent of their operating
budgets.10

A number of studies have attempted to project the cost of wiring the nation’s schools on a per-
student basis, usually to come up with the estimated cost across the nation or a state. Each makes
slightly different assumptions, and includes different items in its budget categories. Most of the
analyses are now several years old, and since then some costs have been reduced and newer
technologies, such as wireless delivery, have matured.

The details of the studies are provided, when available, in Appendix A. While school districts
must be careful in applying a nationwide average projection to their own situation, the studies
should provide some guidance about the magnitude of the costs they can expect.

In a frequently cited 1995 study, McKinsey & Company, Inc. calculated the cost per student of
implementing several scenarios. Among the models and their projected costs:

The Classroom Model, in which every classroom is connected with networked computers at a
ratio of five students per computer, with a T-1 connection permitting long-distance
transmission of data, video and voice: one-time costs of $965 per student and ongoing
costs of $275 per student per year over 10 years.

The Partial Classroom Model, in which only half of each school’s classrooms are wired: one-
time costs of $610 per student and ongoing costs of $155 per student per year over five
years.

The Lab Model, which assumes each school is connected through a computer lab of networked
computers with 10 analog telephone lines per school: one-time costs of $225 per student
and ongoing costs of $80 per student per year over five years.11

Lower costs per student do not necessarily suggest efficiencies that will be achieved but rather
networks with fewer capabilities. The McKinsey numbers, now more than three years old, may
also be somewhat out-of-date in light of recent improvements in the efficiencies that can be
achieved by making an investment in a centrally managed network.

Another consulting group, Integrated Technology Group, LLC, has developed a spreadsheet for
the National Center for Supercomputing Applications to help school districts estimate the total
costs of improving their technology infrastructure. While the estimate varies depending on the
circumstances of each individual school or district, it projects that the total cost of a technology
program will run above $500 per student per year for the first five years, once all the necessary
technology system components, including infrastructure and facilities improvements, staff
training, support, personnel, subscription services and curriculum development, are taken into
account.  This estimate also includes spending for distance learning hardware,
telecommunication systems and services, computer upgrades and replacement, inflation and
factors reflecting the type and location of the school.12

In a 1997 study that looked specifically at the state of New Jersey, the cost was pegged at $417
per student per year, over a five-year period. That figure, however, did not include the cost of
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retrofitting or expenditures for such items as computer furniture and lighting modifications,
which together would be expected to raise the cost to between $475 and $550 per student.13 In
California, the Department of Education prepared a four-year technology plan in 1996 with a
projected total cost of $1,987 per student over four years, or $496 per year.14

A 1996 MIT study projected that the per-pupil costs of connecting schools to the information
superhighway would range from $212 to $501, depending on the complexity of the network,
with ongoing costs of $40 to $105 per pupil per year. The upper figure was the projection for a
network in which every school would have a local area network and a 56 Kbps connection to the
district network, and the district, a T-1 connection to the Internet. A more expensive model was
also detailed.15

In a 1995 RAND study of the technology implementation costs experienced by eight
“pioneering” school districts, the expense ranged from $142 per student to $490 per student per
year. In this analysis, the cost of cabling and special furniture was amortized over 10 years,
instead of the five years used by many of the models.16

Several studies have projected the cost of building local area networks and
wiring classrooms to the Internet to be roughly about $500 per student per year.
However, many factors, including the age of the school district’s physical plant
and its technology investment to date, will determine the precise figure.

Currently, most U.S. schools are spending much less than these models. Quality Education Data
projected that in the 1998-99 school year, districts would spend, on average, $121 per student on
instructional technology and another $26 per student on administrative technology. Of the
instructional technology total, QED projected that $41.16 per student would be spent on
computers, $30.68 on networks (software, wiring, servers, routers, and hubs and service and
support), $10.96 on software, $8.54 on supplies (such as disks, paper and toner) $5.05 on
peripherals, $5.65 on training, $10 on service and support, $5.39 on Internet services (both start-
up and recurring costs) and $3.80 on miscellaneous items.17

An informal 1998 survey of 29 school districts in the Council of the Great City Schools, which
represents the nation’s largest urban school districts, found that their technology budgets
provided, on average, about $124 per student, a figure that was close to QED’s nationwide
projection. The districts’ spending ranged from $584 per student to $22 per student.18

The MIT study projected that for simpler networking connectivity models, the ongoing annual
costs would typically be one-half to one-third of the start-up costs.   For more complex models,
the ongoing costs would be one-fifth to one-fifteenth of the start-up costs. Over the range of
available projections described above, ongoing costs were approximately one-fifth of the start-up
costs. 19



Taking TCO to the Classroom

10

Another way to think about projecting the Total Cost of Ownership is to think about how the
total pie for technology is sliced—and how the price of those budgeted items will change over
time.

In most models, the purchase and installation of hardware and retrofitting old buildings
represents the bulk of the costs initially and when amortized over five years. In most of the
projections, these kinds of expenses represent between 40 and 60 percent of the costs, depending
on the assumptions and how costs are categorized. (See Appendix A for details.)

Over time, however, the bulk of the costs are expected to shift to the kinds of expenses that
cannot be covered by the capital budget, namely personnel to provide computer and network
support and training to teach the staff how to use the technology and to help teachers integrate it
into the curriculum. Hardware costs, however, will remain a significant line item, as computers
and other peripherals will need to be replaced on a regular basis.

In the first years of deployment, the largest share of the technology budget is
normally devoted to hardware in the form of networks and new computers. As
time passes, a greater proportion of the budget should shift to staff development
and support.

The real-world experience of school districts, however, often doesn’t match what is considered
to be the ideal. After surveying the experience of 400 school- and district-level officials, IDC
reported in its Total Cost of Ownership study that schools were spending 55 percent of their total
costs on hardware, and 16 percent on networking, with 9 percent of the budget spent on software,
and only 6 percent on training and 6 percent on service and support. Another 5 percent was spent
on supplies and 1 percent on online services.20

In 1995, 11 percent of the school districts in Texas responded to a survey that showed the same
sort of skew in technology budgets: on average, the districts spent 58 percent of their technology
budgets on hardware and 22 percent on software, but only 16 percent on a “services” category
that included training, user support and maintenance. Another 4 percent of expenditures were
classified as “other.”21

In the RAND study of the group of early-adopter schools, over a five-year period the average
school spent about 46 percent of its technology budget on hardware, 10 percent on staff
development, 27.5 percent on support personnel and about 4 percent on materials. The study’s
authors concluded that when the number of school computers is relatively modest (such as one to
every seven to 11 students), the costs for support staff, staff development, materials and supplies
will tend to dominate the budget. But when districts push to achieve a lower number of students
for each computer, the costs for hardware, software and infrastructure will represent a larger
share of the overall costs.22

As the calculations of the Total Cost of Ownership described earlier showed, the annual cost of
operating a computer in the school environment is about equal to the purchase price of the
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computer itself. Total initial deployment costs are proportionately larger because they include
such one-time purchases as networking hardware, wiring, retrofitting a school’s physical plant
and consulting studies. Once school officials get through that stage, they may think they’ve
covered most of their expenses. The truth is, the costs are just beginning.

Getting Down to Specifics
Much has been written about the initial costs of hardware and the standards schools should
follow when they deploy computers and networks.23 What is more difficult to plan for are other
elements of the budget—expenses such as staff development, retrofitting buildings, and
replacing obsolescent computers. Here are some more specific guidelines, based on a variety of
cost studies, and the experience of some school districts over time.

Retrofitting
One cost that will vary widely from school district to school district is the amount that must be
spent to wire an existing physical plant. Retrofitting is not traditionally part of Total Cost of
Ownership analyses, but it is a cost that school districts frequently face—and sometimes fail to
anticipate.

The best time to wire a school is when it is under construction, or in the case of an existing
building, when it is being renovated or expanded.  Wiring existing schools will involve
additional costs, including, in some cases, the cost of asbestos and/or lead removal, new lighting
and modifications to meet the requirements of the Americans with Disabilities Act.

For the purpose of producing a nationwide figure, the McKinsey study estimated that 65 percent
of American schools were more than 35 years old and had not undergone a major renovation to
support technology. The study projected that some of these schools would use wireless
technology, but that would not be practical in every case. To wire older schools, the consultants
projected it would cost an average of $65,000 per school for asbestos removal and other
infrastructure improvements. New schools were assumed to have adequate wiring; schools that
were between 5 and 35 years old were assumed to require wiring, but not asbestos removal.24

The costs of wiring an older school building can be substantial—and often
unanticipated. However, the costs can be trimmed if this work is performed when
a building is constructed or renovated.

McKinsey also projected that 23 percent of the nation’s schools would require an upgrade of
their electrical system and another 4 percent, improvements to their heating, ventilation and air
conditioning (HVAC) systems. It estimated that the average school would spend $240,000 on
electrical upgrades and $31,800 on HVAC. It also projected that the average school district
would spend $355 per computer on new furniture and $350 per room on security improvements.

A study for the Council of Educational Facility Planners International and based on 30
construction projects in the Midwest found it cost $1,500 per “classroom equivalent” for
infrastructure in new construction and $3,000 per “classroom equivalent” in renovation-
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modernization projects. That cost included one additional 20-amp 100VAC circuit, six empty
data box drops and six duplex outlets. Additional electrical service, it said, would cost a
minimum of $50,000.25

It has been projected that up to 10 percent of the total cost of technology systems and related
building modifications could be saved if both initiatives are planned and implemented at the
same time.26

Districts may also find that they can avoid some of the costs of retrofitting older buildings if they
are able to take advantage of wireless solutions. Wireless approaches can also easily extend
networks to portable classrooms.

Professional Development
The budget item that arguably is most critical to a school district’s ability to achieve its
technology goals is staff development. If teachers and other staff members do not understand
how to use new technologies and incorporate them into the classroom, a district’s technological
investment will not achieve its desired results.27

To underscore this point, the U.S. Department of Education has recommended that school
districts set aside 30 percent of their technology budgets for staff training and development. As
the department noted in 1996, “If there is a single overarching lesson that can be culled from
research about teacher professional development and technology, it is that it takes more time and
effort than many anticipate.”28 Today many state departments of education require that districts
devote between 20 and 30 percent of their state technology grant money to staff development.29

The U.S. Department of Education and many state departments of education
now recommend that districts designate 20 to 30 percent of their technology
budgets for staff development. The reality, however, is that most school districts
spend much less.

In a 1995 school technology guide, the Massachusetts Software Council noted that many
businesses match every dollar they spend on computer hardware or software with another dollar
for training. While it acknowledged that that figure was probably too ambitious for most school
districts, it recommended that at least one-fourth of a school’s technology budget be set aside for
that purpose.30

Currently, however, schools are spending much less than that. In the 1998-99 school year,
Quality Education Data projected that the average district would spend only about 5 percent of
its technology budget on staff training.31

One of the largest components of the cost of staff development is substitute teachers, so that the
teaching staff can be trained during their regular work hours. The McKinsey model assumed that
a district planning to network all of its classrooms would have to hire substitute teachers at a cost



Taking TCO to the Classroom

13

of $100 a day, as well as the equivalent of 1.5 full-time staff members to conduct training, and
cover the cost of training materials.32

The NCSA/ITEG model, meanwhile, calls for a minimum of five days of training per year per
teacher and two days per year per administrator, as well as an additional six days per year of
informal peer-to-peer training. The model adopts 30 percent of the budget for staff training as the
goal to which districts should aspire, but considers 15 percent to be the minimum acceptable.33

The 1996 RAND study of eight schools found that the cost of staff development ranged from $15
to $35 per student per year, with most schools spending about $25. As a share of their
technology budgets, the percentages ranged from 22 percent to 5.5 percent, with the average
among them pegged at about 10 percent.34

Smart Valley, a recently concluded initiative by Silicon Valley companies to network schools
and other community institutions in that area, approached the issue another way. It recommended
in a school networking guide that “an average starting point” should be to allocate approximately
$1,500 per year for each person requiring training.35

In its four-year technology plan, the California Department of Education assumed that the typical
school with 700 students and 33 staff members would spend $2,000 per staff member for staff
support, materials and mileage and $35 an hour for trainers (with a projected 2,000 hours
required per school).36

Inadequate staff training will lead to under-utilization of computers—and a loss of return on a
school district’s investment in technology. The Milken Exchange survey of technology directors
found that on average, 5.9 percent of their district’s computers were not being used. The second
most important reason why, cited by 50 percent of overall respondents, was that “teachers are not
trained to use them.”37

Software
In business settings, the cost of software can sometimes equal the cost of hardware, and
generally runs about one-fourth to one-fifth of total hardware costs. In the school environment,
however, it is proportionately much less, usually representing 10 percent or less of the total
budget.38 Among the schools in the RAND study, software costs ranged from 4 to 10 percent of
their technology budgets, and averaged about 8 percent across the schools. None had purchased
site licenses for more than five or six “tool-based” programs (and the average was closer to
three). In addition, the authors reported, schools had saved money through economies of scale by
building large libraries of CD-ROM and videodisc products.39

The McKinsey model calculated that “content” in the form of software and online subscription
fees would represent 14 percent of the total cost of its “classroom” model and 20 percent of the
cost of its less expensive “computer lab” model. Over time, it said, the share of the pie taken up
by content would grow to about 21 percent of the classroom model’s annual budget, and 26
percent of the computer lab model.40
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Many calculations of the costs of networking schools provide only for basic application software,
not the costs of software that could be considered more purely instructional or part of the budget
for curriculum materials. Note, too, that some of the cost models were developed before schools
began developing their own direct connections to the Internet, saving online subscription fees, if
not telecommunications costs, and before they began making substantial use of the resources of
the World Wide Web, many of which are available for free.

School districts typically spend less than businesses do to purchase software.
Limiting the diversity of the applications supported is one way to help control
support costs, but there may be other, negative tradeoffs.

In the 1998-99 school year, QED projected that the average school would spend $10.96 per
student on instructional software and $5.39 on Internet services, but that figure, of course, is an
average of both technologically advanced schools and those that have not yet made a substantial
technological investment.41

Limiting the diversity of software titles that a district uses is one way to help control costs, by
limiting the number of staff that will be needed to support the applications and the amount of
training staff members will need. However, this may entail tradeoffs in terms of meeting users’
needs for particular kinds of applications or instructional offerings. Many businesses also find
that the Total Cost of Ownership can be controlled if software packages are upgraded at the same
time across the company, and if employees are encouraged to use the same version of the
software if they work at home. Money can be saved, too, when the installation and upgrading of
software can be controlled centrally over the network.

Support
After computers are installed, a school district will need people to help maintain the network and
other hardware, and to help users solve the problems they encounter with their computers and
software packages. The number of support staff required will depend on several variables,
including the number of workstations and the variety of operating systems and software
applications that must be supported.

In the business environment, a full-time computer support person is generally required for every
50 to 75 computer users. A study by Forrester Research Inc. found that in large corporations,
there was one support person for every 50 PCs, at a cost of $142 per PC per year. According to
this model, a school district with a thousand PCs would need a staff of 20 and a budget of $1.4
million for support.42

In its TCO comparison between businesses and schools, IDC found that schools have “extremely
low” levels of support, usually one person for every 500 computer users, compared to the 1:50
ratio it, too, found in the business environment.43 The state of Maryland, for instance, recently
completed a four-year technology plan with a funding projection that assumed that there would
be one support person for every 500 PCs.44
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When an educational PC fails, IDC said, it can get taken out of service for several days, while a
business computer is usually repaired or replaced within an hour or two. When the Milken
Exchange asked district technology directors how long it takes to fix a problem when something
breaks, and gave them the option of responding in hours or days, the average number of hours
reported was 5.6 and the average number of days, 3.6.45

It’s easy to understand why this happens. When a business computer breaks down, an office
worker generally becomes totally unproductive. When a classroom computer breaks down, a
teacher is either expected to go back to teaching “the old fashioned way” until it is fixed, or
students are expected to “double up” on the computers that are still working.

School systems often fall back on technologically savvy teachers or students to help with
support. (The Milken Exchange study found that 39.6 percent of the districts surveyed said they
“frequently” used teachers to provide support and 11.5 percent frequently relied on students.)46

Unfortunately this can mean that teachers are pulled away from their primary duties. And when
support is inadequate, the district will lose some of the value of its investment in technology
when hardware is not repaired quickly. More than 29 percent of respondents in the Milken
survey said one reason computers were sitting idle in their schools was because they needed to
be repaired.

The frustrations that lack of support can create were described by a 1998 congressional General
Accounting Office study of how five school districts covered their technology expenses. The
report noted: “Officials in all five districts reported having fewer staff than needed. Some
technology directors and trainers reported performing maintenance or technical support at the
expense of their other duties due to a lack of sufficient support staff. Some district officials also
noted high stress levels among district technology trainers or maintenance staff trying to serve
many school sites. One result of a lack of staff was lengthy equipment downtime when
computers and other equipment were not available for use. In several districts, repairs for some
equipment reportedly took as long as two weeks or more. Equipment downtime means reduced
access for teachers and students, and several officials observed that this may frustrate teachers
and discourage them from using the equipment.”47

In what one published guide to school networking considers a “fully-staffed” model, each full-
time technician supports between 100 and 250 users.48 Highly standardized networks can reduce
the number of support staff required by a factor of 10, according to some estimates—from one
staff person for every 50 to 70 computers to one for every 500 to 700.49 Some new, centralized
network management systems can also help control these costs by reducing travel time to
individual schools and permitting many installation, security and back-up functions to be
handled centrally. In addition, tight restrictions on access to the network can also help contain
support costs.

In the Denver schools’ TCO analysis, for instance, the ratio of technical support staff to
computers was 1:150 for instructional computers and 1:250 for administrative computers.
However, those numbers included persons who had limited technical skills. When the district
calculated the ratio of staff trained to support networked computers, the ratio was one staff
person for every 647 computers.50
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From 1983-1991, IBM Corp. and Digital Equipment Corp. worked with MIT as part of the so-
called Project Athena initiative to develop a formula for calculating the number of staff needed
to support a distributed computing environment. It came up with this formula:

Staff members = (Number of workstations/500) +(Number of Users/1,000) +(Number of clusters
sharing servers, printers and other peripherals/15) +(Number of applications supported/50) +
(Number of distinct vendor operating systems and applications/1) +(Number of Software
Licenses required/25)

Note, however, that the formula does not include factors for supporting networks or phone
systems, or for curricular support.51

School districts typically do not support their computers and networks with the
same level of staffing that businesses do. The result is that there is substantially
more “down time” in the educational world. More centralized control of
networks with network management software is one way of reducing the number
of support staff that will be needed. Reducing the number of operating systems
and applications that are supported is another.

Smart Valley, the Silicon Valley initiative, advised its schools in a networking guide that a
minimum staffing level for supporting a network was one network manager at the county level,
one network manager at the district level and a half-time network technician at each school. It
envisioned that teachers, students and volunteers would also be used, but recommended that they
be used only to supplement paid, professional staff.52

The California Department of Education’s benchmarks envisioned that there would be one
district or county-level support person for every three schools, and that each school would have a
half-time technical person on site.53

The Council of the Great City Schools found that among 29 of the nation’s largest school
systems, there was a wide disparity—from four to 500—of centralized technology staff reported.
When the number of staff was compared with the size of each district’s technology budget, there
was one staff member, on average, for every $150,000 in the technology budget, as defined by
respondents. (Because the district’s technology staff reported its own numbers, it’s possible that
some school-based technicians were not included in those numbers.)54

Replacement Costs
When a school district has just installed dozens of brand-new multimedia computers, it’s easy to
forget that the day will come when they will need to be replaced. Although wiring, racks and
electrical closets are presumed to have a life cycle of about 20 years, that’s not the case for
computers, servers and peripherals. They are expected to have a life cycle of between three and
five years, depending on the equipment and the assumptions of the budget plan.
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Thus it makes sense for a school system to purchase new computers on a five-year cycle and to
replace them on the same cycle. Sometimes a district will decide to channel older machines to
simpler uses, but that can ultimately lead to additional costs in the areas of support and
maintenance.

In the Denver school system, for instance, the district assumed that when it purchased a new
computer, it would not automatically get rid of it when it was five years old; rather it assumed
that 10 percent of the district’s computers would be retired each year. However, when it
calculated the costs associated with leasing computers, it assumed that all units would be rotated
at the end of a five-year lease.55

School districts should be prepared to replace a computer every five years.

Unfortunately, most school districts’ budgeting practices do not make it easy to set aside money
for future purchases. “A school that receives a sum of discretionary money in one year is likely
to lose any of the funds it has not expended by the end of the fiscal year,” one school budgeting
expert noted.  “As a result, schools are often unable to make a large coordinated purchase of
computers and associated equipment at one time. Moreover, they are prevented from saving
money to make such a purchase to replace a computer lab once it has become obsolete.”56

Because many school districts may be unable to predict when they will have the financial
resources available to replace a computer, many experts recommend that they should purchase
computers with as much processing power and memory as they can afford. That way, the
hardware will be better able to handle new or expanded software packages as they become
available.

Districts may also find that they will have to pay fees to dispose of computers when they can no
longer be used.

Connectivity
The costs of connecting to the Internet are a relatively small proportion of the total costs of
educational technology.  Although these costs are usually included in projections of what it will
cost to wire the nation’s schools, they are not always included in a Total Cost of Ownership
calculation because a business’s computers may not be connected to the Internet or a Wide Area
Network.

In the McKinsey computer lab model, connection costs represented only 8 percent of the budget
initially and 15 percent of ongoing costs; in the model when all classrooms were connected,
these costs represented 4 percent of the initial deployment costs and 7 percent of the ongoing
costs. The study assumed that regular telephone lines would be the primary means of Internet
connection in the computer lab model, while T-1 lines would be used in the classroom model.57

Some states have created statewide networks that provide schools with very low-cost or free
access to the Internet. Although telecommunications charges can tend to be higher if a school
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district is located in a remote area, E-rate discounts on telecommunications services should help
those districts pay for these charges.

What school districts save in connectivity costs today, they may pay for later on
in the limitations of the available bandwidth.

School districts may decide that they can afford to purchase only a certain level of
connectivity—for instance, a 56 Kbps Internet connection instead of a T-1 line. However, there
will be a tradeoff in terms of the speed with which students and staff can communicate, connect
to the Internet, and download graphic and video-intensive files. This, in turn, could have an
impact on how staff members and students spend their available time.

Budgeting Considerations
Some suggestions of the line items that school districts should include when they prepare their
technology budgets are provided in Appendix B of this report. Some of these expenses will
probably be covered by the district’s capital budget, while others will need to be supported on an
ongoing basis by the operating budget. School districts frequently get technological
improvements “kick-started” by a large, and often extraordinary, infusion of funds from a bond
measure, a state or federal grant, a donation of corporate dollars or equipment, or even a program
such as the E-rate. What is important to remember, however, is that the district must be willing to
commit itself to a long-term investment in technology spending, or the computers, networks and
other kinds of hardware that are typically purchased with these dollars will simply go to waste.

Although the costs per student of building a technology infrastructure are often expressed on an
annualized basis over a five-year period, the cost of purchasing hardware will usually be highest
in the first years. Nevertheless, computers and networks will require ongoing maintenance,
support, and, in the case of computers and peripherals, regular replacement—costs that will
continue after the initial installation. In addition, teachers and other staff members will continue
to require new training as new pieces of hardware and new software applications are introduced.

Unfortunately, many school districts are forced to rely on strategies such as issuing bonds to
purchase hardware that will need to be replaced well before the bonds are repaid. This can make
it harder for districts to come up with sources of funds for their ongoing technology operating
expenses.

In its 1998 study of five school districts, the GAO wrote: “Program components that were
hardest to fund, technology directors and others said, were those heavily dependent on staff
positions (maintenance, training, and technical support). Staffing was difficult to fund because
some funding sources could not be used for staffing and because some sources were not well
suited for this purpose. For example, bonds and special levies passed by the districts we
reviewed could only be used for capital expenditures. Officials also pointed out difficulties both
in using one-time grants for ongoing staff positions and in attracting funding for staff from
outside supporters.”58
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Just as many businesses are often tempted over time to cut computer support and training costs to
improve their bottom line, school districts often fail to budget adequately for these kinds of
expenses when they are trying to balance their budgets. The results, from a Total Cost of
Ownership perspective, can be very similar.

“Shrinking the IT budget simply shifts the costs down the line and, in large companies, we often
find that old-style TCO methodologies pushed 50 percent to 70 percent of IT dollars off the
books and straight into business units.  This is most often found in vulnerable help desk and
training areas. . . ,” noted one TCO consultant. “Cuts in end-user desktop training budgets
resulted in an increase in user-induced outages, diminished technology utilization, poor
productivity, peer support that disrupted normal operations and covert staff hiring.” 59

Substitute “school districts” for “large companies” and “schools” for “business units” and the
description could easily describe technology budgeting in many districts. Administrators may not
have the tools in place to understand and calculate the real financial impact of their budgeting
decisions, but the results are the same for the computer user and the overall enterprise.

The Gartner Group has reported that “end-user operations,” that is, the time wasted on system
failures and unproductive user activities, generally represent the largest component of Total Cost
of Ownership, at 45 percent. Even when school districts budget adequately for Gartner’s other
key components—capital costs, administration and technical support—these end-user costs are
usually unbudgeted, but still significant. Gartner argues, in fact, that when support budgets are
trimmed too aggressively, every $1 in budgeted savings can actually lead to $4 worth of lost
productivity.60 As schools and teachers are increasingly judged on the basis of the performance
of their students, productivity losses should become an even more important factor in school
budgeting decisions.

After a school district makes a major investment in new hardware—through,
bonds, grants, special appropriations, or corporate donations—it often can be
hard to find the dollars to support the ongoing costs of staff development,
support and hardware replacement.

This approach may require school administrators to think differently. As one study notes:
“Market forces drive a company to examine its production costs and the overall efficiency of its
operations. . . . Potential new technologies are investigated, cost-benefit analyses are conducted
and a system is selected based on its potential to positively impact production, efficiency and
(hopefully) market share. The final outcome is a company that remains competitive in the
marketplace. In stark contrast, local education agencies typically engage in a less linear, and less
logical series of decisions. . . . [Technology] decisions are based on the amount of dollars
available, the assumed potential that technologies have for impacting students and the belief that
schools need technology in order to fulfill their mission. Note that, unlike the business
community, efficiency and productivity do not drive this decision-making process.”61
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The kind of centralized decision-making that generally leads to reductions in the Total Cost of
Ownership is not always easy to sell. A case study of reducing the level of client-server support
at Intel Corp., for instance, found: “To deliver a successful project, Intel’s IT department had to
convince the rest of the corporation to change its PC buying habits. This was no small task, and
one that was approached with a great deal of trepidation. Specifically, IT wanted to take the
power of choice away from the users. This was not a popular proposal. Most Intel organizations
thought of their power to select their own PC technology as an unquestioned right.” Ultimately,
the Intel study concluded, the project succeeded in large part because of the support of Intel’s
president and chief operating officer, Craig Barrett.62

Similarly, TCO initiatives in school districts should be supported by the district’s top
administrators if they are to succeed. And administrators must recognize that there may be a
price to pay in the costs of long-term maintenance and support if individual schools are permitted
to make their own decisions on how technology will be deployed.

Getting a handle on TCO and technology costs will not be easy—not at a time when school
technology expenditures are rising rapidly—possibly to between 3.2 percent and 8 percent of
current educational budgets if the goal of wiring the nation’s classrooms is to be achieved.  But
the magnitude of that spending is sure to bring new scrutiny—and new pressures—on school
budgets.63

In a 1995 article, four McKinsey consultants wrote: “While the [technology] funding challenge
sounds reasonable in aggregate, numerous pressures are squeezing education budgets at national,
state and local levels. The Department of Education forecasts that increases in real operating
costs and student enrollment will drive annual spending to rise by 2.6 percent each year. In
addition, systematic underinvestment in schools’ physical plant has left the nation with an
estimated $101 billion capital deficit. And these demands come at a time when governments are
under pressure to do more with less. . . .

“All the same, it should be possible to secure adequate funding through a combination of
reducing costs, reprogramming existing funds, and launching new initiatives in the public and
private sectors.”64

The ultimate goal of this project is to develop a consensus on what level of spending on these
various items is considered adequate, to make technology planning and budgeting easier and
more effective for school administrators. It took many years for businesses to learn the language
of Total Cost of Ownership; now school administrators have the opportunity to build on that
experience to suit the requirements of their own environment.

Once administrators understand the true costs associated with introducing technology, they will
have new tools with which to plan their budgets for the 21st century. They will be better equipped
to protect their district’s significant investment in technology. But most important, they will be
able to evaluate whether the technology is truly serving their district’s educational goals.



Taking TCO to the Classroom

21

                                                                                                                                                                                  
1 According to the education marketing company Quality Education Data, U.S. public school districts are expected
to spend $5.4 billion on technology in the 1998-99 school year, including funds for hardware, networks, software,
service, training, peripherals and Internet access. That represents a 13 percent increase over the previous year.
Between the 1995-96 and the 1997-98 school years, the installed base of instructional computers in U.S. public
schools grew 35 percent to 6 million computers.  Quality Education Data, “Technology Purchasing Forecast, 1998-
99, 4th Edition,” and “Technology in Public Schools 1998.” Summaries of both reports are available at
http://www.qeddata.com.
2 Slonaker, Larry. “Schools Find Hidden Costs of High Tech,” San Jose Mercury News, December 21, 1998.
3 Much has been written about the value of improving the technological capabilities of schools and best practices for
technology planning. Those topics are outside the scope of this document. It assumes that a school district has
already made or is about to make a substantial investment in computers and networking. In addition, technology
plans often incorporate improvements in the school district’s telephone infrastructure and videoconferencing and
distance learning capabilities. While the same principles of effective budgeting apply to these technologies, their
costs are not specifically covered here.
4 For instance, one model, developed by the Gartner Group, has estimated that every PC running Windows 3.1 in a
“loosely managed” networking environment really costs $11,000. Using slightly different criteria, the International
Data Corporation estimated the TCO for the same PC was $5,100. Gartner pegged the total cost of a networked
computer running Windows 95 at $9,784. Forrester Research Inc. and Zona Research Inc. have put the cost at about
$2,800. See, for example, http://www.microsoft.com/ technet/tco/chart/chart1.htm and “Potato, Po-tah-to, Spud or
Tater?,” PC Week, February 3, 1997. The source of differences in TCO calculations is discussed in “The Truth
About TCO,” published by Intel Corp., available at http://www.intel.com/tech/work/network/n_tco.htm
5 International Data Corporation, “Understanding the Total Cost and Value of Integrating Technology in Schools:
An IDC White Paper Sponsored by Apple Computer, Inc.,” 1997. Available at
http://www.apple.com/education/k12/leadership/LSWTF/IDC1.html.
6 Details of the Denver technology plan, including a chart of “Estimated Figures Used for the Purpose of Calculating
Total Cost of Ownership,” are available at http://ed.denver.k12.co.us/techplan/default.htm.
7 Nelson, Gerry, “TCO: The Next Generation,” MIDRANGE Systems, November 30, 1998. Available at
http://www.as.ibm.com/asus/thenextg.html.
8 The North Carolina plan is available at http://www.dpi.state.nc.us/Tech.Plan/Long-Range.Tech.Plan.html.
9 Washington State Office of the Superintendent of Public Instruction and Northwest Regional Educational
Laboratory’s Northwest Educational Technology Consortium, “A Guide to Networking for K-12 Schools,” 1998.
Available at http://www.netc.org/network_guide/.  McKinsey & Company, Inc., “Connecting K-12 Schools to the
Information Superhighway,” 1995. Available at http://www.uark.edu/mckinsey.
10 Solomon, Lewis C., “Progress of Technology in the Schools: Report on 21 States,” 1998 study for the Milken
Exchange on Education Technology. Available at http://www.milkenexchange.org/progress.
11 McKinsey.
12 Zeisler, Alfred, “Technology Implementation in Schools: Total System Cost and Funding Opportunities,”
presentation at “Grants and Funding for Technology Conference,” sponsored by eSchool News Communications
Group, November 1998.  More information about the “Technology and Facilities Modification Investment
Worksheet,” developed by Integrated Technology Education Group, LLC of Short Hills, NJ,  for the National Center
for Supercomputing Applications, is available upon request through http://www.ncsa.uiuc.edu/IDT.
13 Division of the Ratepayer Advocate, State of New Jersey, “Before 2000: Funding Technology in New Jersey’s
Schools and Public Libraries by the End of the Century,” 1997. Available at http://www.njin.net/rpa/schools.htm. Al
Zeisler of Integrated Technology Education Group and Lee McKnight of Massachusetts Institute of Technology
were primarily responsible for preparation of the report.
14 California Department of Education,  “Connect, Compute, and Compete: The Report of the California Education
Technology Task Force,” 1996, with additional calculations. Available at
http://www.cde.ca.gov/ftpbranch/retdiv/ccc_task/ccc.htm.
15 Rothstein, R.I. and McKnight, L., “Technology and Cost Models of K-12 Schools on the National Information
Infrastructure,” 1996. Available at http://rpcp.mit.edu/Pubs/k12costs/CSTB.pdf.
16 Glennan, Thomas K. and Melmed, Arthur.  “Fostering the Use of Educational Technology: Elements of a National
Strategy, ” (RAND), 1996 Available at http://www.rand.org/publications/MR/MR682/contents.html. The original
survey, “The Cost of High Technology Schools,” by Brent Keltner and Randy Ross, was discussed in Melmed,



Taking TCO to the Classroom

22

                                                                                                                                                                                  
Arthur, ed. “The Costs and Effectiveness of Educational Technology,” November, 1995. Available at
http://www.ed.gov/Technology/Plan/RAND/Costs/
17 QED, “Technology Purchasing Forecast, 1998-99.”
18Council of the Great City Schools, “Organizing K-12 Information Technology Resources,” unpublished survey,
with additional calculations.
19 Rothstein and McKnight.
20 IDC.
21 Lucas, Larry. “The Missing Element: Technical Support in Texas School Districts,” preliminary survey results,
1995. Available at http://www.tcet.unt.edu/tec.htm.
22 Melmed.
23 Many resources are now available online to help school districts develop technology plans and build computer
networks. Many manufacturers of networking equipment provide helpful information on their Web sites. Additional
background can be found through resources cited here and in the “Sources of Additional Information” section.
24 McKinsey.
25 Meeks, Glenn E., Fisher, Ricki and Loveless, Warren, “Implementation Costs for Educational Technology
Systems,” A CEFPI Brief on Educational Facility Issues, December 1997, available at
http://www.cefpi.org/cefpi/issue/issue7.html.
26 Zeisler, Alfred. “Determination of Potential Cost Savings that Could Result From a Systems Approach to School
Facility Design and Technology Specification,” prepared for the schoolwire.org Web site and presented at the
“Grants and Funding for Technology Conference,” cited above.
27 Staff development is the focus of the latest report by the CEO Forum, “Professional Development: A Link to
Better Learning,” published in February 1999. Available at http://www.ceoforum.org.
28 U.S. Department of Education. “Getting America’s Students Ready for the 21st Century: Meeting the Technology
Literacy Challenge,” 1996. Available at  http://www.ed.gov/Technology/Plan/NatTechPlan.
29 Education Week, “Technology Counts ’98: An Education Week/Milken Exchange on Education Technology
Report on Schools and Reform in the Information Age,” 1998. Available at http://www.edweek.org/sreports/tc98/.
30 Massachusetts Software Council. “The Switched-On Classroom’s Technology Planning Guide for Public Schools
in Massachusetts,” 1994. Available at http://www.swcouncil.org/switch2.stm.
31QED, “Technology Purchasing Forecast, 1998-99.”
32 McKinsey.
33 ITEG.
34 Glennan and Melmed, citing Keltner and Ross, with additional calculations.
35 Smart Valley Inc., “Technical Guidebook for Schools,” 1995. Available at http://www.svi.org/tgsguide.
36 California Department of Education.
37 Solomon.
38 IDC.
39 Keltner and Ross.
40 McKinsey.
41 QED. “Technology Purchasing Forecast, 1998-99.”
42 Microsoft Corp., “Technology Roadmap.” 1999. Available at http://www.microsoft.com/education/k12/roadmap.
43 IDC.
44 Maryland Business Roundtable for Education Committee on Technology in Education, “State of Innovation: The
Maryland Plan for Technology in Education, 1999-2003,” prepared for the Maryland State Board of Education,
December 1998.
45 Solomon.
46 Ibid.
47 General Accounting Office, “School Technology: Five School Districts’ Experiences in Funding Technology
Programs,” (Letter Report, 01/29/98, GAO/HEHS-98-35). Available at
http://www.gao.gov/AIndexFY98/abstracts/he98035.htm.
48 Washington State.
49 Arizona Society of Technology Directors, “Technology in Arizona: A K-12 Perspective,” 1997. Available at
http://www.ade.state.az.us/technology/whitepapers.html.
50 Denver.
51 Arizona.



Taking TCO to the Classroom

23

                                                                                                                                                                                  
52 Smart Valley.
53 California Department of Education.
54 Council of the Great City Schools.
55 Denver.
56 Picus, Lawrence O., “The Challenges Facing School Districts in Budgeting for Technology,” white paper
prepared for “Smart Budgets for a Digital Age,” 1997, sponsored by Bell South Foundation. Available at
http://www.bellsouth.com/bsf/technology/picus.htm.
57 McKinsey.
58 GAO.
59 Nelson.
60 “Total Cost of Ownership: Chart of Accounts,” available at
http://www.microsoft.com/technet/tco/chart/chart1.htm.
61 Tetreault, Donald, “Educational Technologies: What Are They and What are the Costs?”, white paper prepared
for “Smart Budgets for a Digital Age,” 1997, sponsored by Bell South Foundation. Available at
http://www.bellsouth.com/bsf/technology/educational_technologies.htm.
62 Henry, John and Harkins, Malcolm, “Reducing the Cost of Client/Server Support: A Case Study of Intel
Corporation,” Revision 2.1, February 20, 1997.
63 Glennan and Melmed.
64 Meisel, Ted, Nevens, T. Michael, Singer, Margot and Tate, Karen A, “World Class: Schools on the Net,” The
McKinsey Quarterly, 1995 Number 4, pp. 31-41. Available at http://mckinseyquarterly.com/computer/wocl95.htm.



Sources of Additional Information

Planning a Network

“A Guide to Networking for K-12 Schools,” Washington State Office of the
Superintendent of Public Instruction and Northwest Regional Educational Laboratory’s
Northwest Educational Technology Consortium, 1998. Available at
http://www.netc.org/network_guide/.

Consortium for School Networking, links and other resources on networking issues.
Available at http://www.cosn.org.

“K-12 Network Technology Planning Guide,” 1994, updated 1995, published by the
California Department of Education. Available at
http://www.cde.ca.gov/ftpbranch/retdiv/k12/ntpg/.

“Technical Guidebook for Schools,” published by the Smart Valley Smart Schools
project, Santa Clara, CA, January 1996. Available at http://www.svi.org/tgsguide.

“The Technical Side of Networking,” in “The K-12 Technology Handbook,” Virginia
Department of Education. Available at
http://www.pen.k12.va.us/go/VDOE/Technology/Tech_Handbook/nets.html.

Funding Technology

“Identifying Costs and Sources of Funding,” in “KickStart Initiative: Connecting
America’s Communities to the Information Superhighway,” prepared by the United
States Advisory Council on the National Information Infrastructure. Available at
http://www.benton.org/Library/KickStart/kick.identifying.html.

“Investing in School Technology: Strategies to Meet the Funding Challenge,” (School
Leader’s Version) National School Boards Association’s Institute for the Transfer of
Technology to Education, 1997. A version of this report is available on the U.S.
Department of Education Web site at http://www.ed.gov/pubs/techinvest/.

“Resource Guide to Federal Funding for Technology in Education,” U.S. Department of
Education. Available at http://www.ed.gov/Technology/tec-guid.html

“Smart Budgets for a Digital Age,” white papers sponsored by Bell South Foundation.
Available at http://www.bellsouth.com/bsf/technology/research.htm.

“Technology and Facilities Modification Investment Worksheet,” developed by
Integrated Technology Education Group, LLC, for the National Center for
Supercomputing Applications. Available at http://www.ncsa.uiuc.edu/IDT.



Taking TCO to the Classroom

25

Technology Planning

“Making Technology Happen: Best Practices and Policies from Exemplary K-12
Schools,” by the Southern Technology Council. Available at
http://www.southern.org/makingte.htm.

National Center for Technology Planning, founded by Dr. Larry S. Anderson at
Mississippi State University, has technology planning links and resources. Available at
http://www.nctp.com. Among the pertinent documents is “The Role of the School
Business Manager in Technology Planning.”

“National School Board Association’s Technology Planning Toolkit.” Available at
http://www.nsba.org/sbot/toolkit/tpt.html.

“Technology @ Your Fingertips: A Guide to Implementing Technology Solutions for
Education Agencies and Institutions,” prepared by the National Center for Education
Statistics, January, 1998. Available at
http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=98293XXXXX.

Staff Development

“The CEO Forum School Technology and Readiness Report: Professional Development:
A Link to Better Learning,” CEO Forum on Education Technology, February, 1999.
Available at http://www.ceoforum.org.



Taking TCO to the Classroom

26

Appendix A: Details of Cost Projections

McKinsey Projection of the Cost of Connecting Schools
to the Information Superhighway, 1995

Model Initial Costs
Per School

Ongoing Costs
 Per  School

Initial Costs
Per Student

Ongoing Costs
Per Student

Lab $125,000 $45,000 $225 $80

Lab Plus $255,000 $85,000 $460 $150

Partial
Classroom

$340.000 $90,000 $610 $155

Classroom $555,000 $165,000 $965 $275

These projections assume 5.7 schools per district, 533 students per school, 31 teachers per school,
21 classrooms per school and 25 students per classroom. The Lab Model assumes each school is
connected through a computer lab with 25 networked computers and 10 analog telephone lines.
The Lab Plus Model is similar, but assumes that a computer and modem is provided for each
teacher. The Partial Classroom Model assumes that only half of each school’s classrooms are
wired and that a T-1 connection is available for long-distance transmission of data, video and
voice. The Classroom Model assumes that every classroom is connected with networked
computers at a ratio of five students per computer.  Initial deployment costs include the purchase
and installation of equipment and first-year operating expenses. Ongoing costs include usage
charges, equipment and content upgrades, and professional development and support. Costs of the
Lab Plus and Partial Classroom models are amortized over a five-year deployment schedule; the
costs of the Classroom model are spread over a 10-year deployment schedule. The model
assumes that most schools will use telephone company connections, except for some rural schools
where wireless radio connections were assumed.

Cost Components, Computer-Based Infrastructure

Initial Costs,
Lab Model

Ongoing Costs,
Lab Model

Initial Costs,
Classroom Model

Ongoing Costs,
Classroom Model

Hardware 34% 17% 51% 14%

Professional
Development

19% 31% 14% 41%

Content 20% 26% 14% 21%

Connection
within School

12% 5% 13% 4%

Systems
Operation

8% 6% 4% 13%

Connection to
School

7% 15% 4% 7%
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Hardware includes multimedia computers, printers, scanners, furniture stations and security
stations, and necessary building upgrades or retrofitting for some schools. The ongoing hardware
costs assume a computer replacement cycle of seven years and a five- to 10-year replacement
cycle for the other equipment. The models assumed that each school already has 14 multimedia
computers. Professional development costs include substitute teachers and staff support to help
teachers integrate technology into the curriculum. Costs of training courses are also included.
Content costs include prepackaged software and access and usage charges for online services.
The costs for “Connections within School” include the materials and labor for installing Ethernet
LANs as well as file servers, hubs and routers, as well as file servers for the district. The
projection assumed that a wireless LAN is deployed in about half of the buildings needing
retrofitting. It assumed that 7 percent of classrooms were already connected to a LAN. “Systems
Operations” costs include resources shared across the district dedicated to designing and
operating the system. The “Connection to School” includes installation, access and usage charges
for both the schools and the district. Except for some rural schools, wireline connections are
assumed (POTS for the Lab models and T-1s for the Classroom and Partial Classroom models).

New Jersey School Study, 1997
Costs Per School Over Five Years

The average cost per student to implement this plan is $417 per year over five years. The figure
does not include related physical facility changes. The model assumes that the average New
Jersey district has four schools (fewer than the nationwide average) and that the average school
has 515 students, 37 teachers and 35 rooms.

Component Cost Share of Total
Computer Equipment $346,125 32%
Distance Learning Equipment $83,850 8%
In-School Network $39,220 4%
District Network $32,132 3%
Internet Connection $27,810 3%
Telephone System—on
Premises

$31,200 3%

Training $137,500 13%
Support $377,814 34%
TOTAL $1,075,652 100%

Computer equipment includes computers, printers and other peripherals, software and servers.
Distance-learning equipment includes interactive full-motion video systems, as well as video
systems and video and distance learning content materials. “In-School Network” includes local
area network wiring and electronics costs. “District Network” includes networks that link schools
within a district, including routers, networking equipment, and telecommunications costs.
“Internet Connection” represents a district-wide network connection to the Internet, including
telecommunications costs. “Support” includes staff for technology systems, repair costs for
equipment and supplies for equipment.
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California Department of Education
Four-Year Cost to Reach Benchmarks, 1996

These projections are based on the assumption that an average school has 700 students, 33 staff
members, 27 classrooms and two other networked rooms. A calculation of the statewide costs is
included in the original analysis.

Assumption for
Average School

4-Year Cost,
Average Room

4-Year Cost,
Average School

Percent of
Total

I. Staff Development
and Support

21%

Trainers 2,000 hours of
training @$35/hour

$2,414 $70,000

Staff support,
materials, mileage,
etc.

$2,000 per person
(33 staff members)

$2,276 $66,000

District-county
technical support

.3 FTE=$15,000 per
year for 4 years

$2,069 $60,000

School site technical
support

.5 FTE=$25,000 per
year for 4 years

$3,448 $100,000

4-Year Total $10,207 $296,000

II. Learning
Resources

27%

Computer software $2,000 x 29 rooms
for 4 years

$8,000 $232,000

Upgrades $200 x 29 rooms for
4 years

$800 $23,200

Other multimedia
materials and services

$500 x 29 rooms for
4 years

$2,000 $58,000

Communications
(connect charges, etc.)

$1,265 per school
per month x 12
months for 4 years

$ 2,094 $60,720

4-Year Total $12,894 $373,920

III. Hardware and
Telecommunications
Infrastructure

40%

Computers 6 computers @
$1,525 x 29 rooms

$9,150 $265,350

Special interfaces $700 for each of 29
rooms

$700 $20,300

Scanners $675 for each of 29
rooms

$675 $19,575

Networked laser
printers

$1,100 for each of
29 rooms

$1,100 $31,900

Color printers 5 @ $400 each
(shared by school)

$69 $2,000

Audio recorders and
players

5 @ $75 each
(shared by school)

$15 $375
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Headphones 174 (1 per
computer) @ $30

$180 $5,220

Liquid crystal
presentation panels

5 @ $1,100 (shared
by school)

$190 $5,500

Video capture boards 5 @ $350 (shared
by school)

$60 $1,750

Video cameras 5 @ $600 (shared
by school)

$103 $3,000

Videodisc players 5 @ $325 (shared
by school)

$56 $1,625

Television monitors $500 for each of 28
rooms

$483 $14,000

VCRs $350 for each of 28
rooms

$338 $9,800

Overhead projectors
and screens

$500 for each of 28
rooms

$483 $14,000

Fax machines 2 @ $400 (shared
by 29 rooms)

$27 $800

Telephones $50 for each of 28
rooms

$48 $1,400

High-speed copiers 2 @ $5,000 $345 $10,000
Telecommunications
infrastructure

$74,000 per school $2,552 $74,000

Furniture and Security
Equipment

$2,700 for each of
29 rooms

$2,700 $78,300

4-Year Total $19,272 $558,895

IV. Maintenance
Upgrades and
Replacements

Replacements
represent 15 % of
installed hardware

$5,844 $169,475 12%

GRAND TOTAL
(4 Years)

$48,217 $1,398,290
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RAND Corp. Data on Eight Pioneering High-Tech Schools, 1995

Lowest in Range Highest in Range Mean Median
Annual

Cost/Student
$142 $490 $333 $390.5

Number of Students 310 1,800 977 850
Students:

Computers
11:1 1.5:1

Hardware 29.64% 66.75% 46.11% 43.77%
Software 3.88% 10.40% 7.84% 8.61%

Infrastructure 2.19% 7.10% 4.89% 5.21%
Staff Development 5.57% 22.29% 9.85% 7.73%
Support Personnel 3.28% 39.48% 27.4% 31.6%

Materials 1.75% 6.33% 3.83% 3.82%

Costs of hardware and software are amortized over five years. Infrastructure includes special
furniture and cabling and is amortized over 10 years. Cost of initial professional development for
teachers is amortized over five years. Cost of new staff, staff development, materials and supplies
was treated as an annual expense.

MIT (Rothstein and McKnight) Projection for School-Based LANs
with Central Connection to the District and to the Internet, 1994

Projection assumes that the average school district has six schools with 518 students, 257
teachers, 25 other staff, and 20 classrooms. Model assumes that each school already has seven
computers capable of running graphical Internet applications. Model includes 60 computers per
school, a 56Kb network connection to the district office, a T-1 connection to the Internet and 20
dialup connections. This was the second most expensive model of five that were detailed by the
study.

ONE-TIME INSTALLATION COSTS LOW HIGH
SCHOOL-LEVEL
  Local Area Network $20,000 $55,000
  Personal Computers $60,000 $120,000
  File Server $4,000 $15,000
  Connection to Hub/District Office $500 $2,000
  Router and CSU/DSU $2,600 $5,000
  Retrofitting (major) $10,000 $25,000
  TOTAL $97,100 $222,000

DISTRICT-LEVEL
    File Server $2,000 $15,000
    Router $2,000 $5,000
    District LAN $2,000 $5,000
    Data line to WAN/Internet (T-1) $1,000 $5,000
    Dialup Capabilities (20 lines) $16,000 $32,000
    Training (40-50 staff/school) $50,000 $150,000
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ONE-TIME INSTALLATION COSTS LOW HIGH
    TOTAL $73,000 $212,000

ANNUAL OPERATING COSTS
 SCHOOL-LEVEL
  Replacement of Equipment $3,000 $8,250
  Connection to Hub/District Office (56Kb) $1,000 $5,000
   TOTAL $4,000 $13,250

DISTRICT-LEVEL
  Internet Service (T-1) $10,000 $42,000
  Dialup Lines  $3,000 $5,000
  Support (2-3 staff/district)  $66,000 $150,000
  Training $15,000 $35,000
  TOTAL $94,000 $232,000

 One-Time Costs Per Student $212.47 $501.14

 Annual Costs Per Student $39.77 $104.69

Breakdown of Model’s Costs When Startup Costs
Are Amortized Equally Over Five Years, Excluding PC Purchases

Budget Component %
Hardware 36%
Support 33%
Training 13%
Telecommunications 11%
Retrofitting 7%

Hardware is defined as wiring, routers, and servers, including installation, maintenance and
service of hardware and telecommunications lines. Training is defined as training of teachers and
other school staff to use the network. Support is defined as technical support of the network.
Retrofitting includes modifications to facilities to accommodate the telecommunications
infrastructure, including costs for asbestos removal, electrical systems, climate control systems,
added security and renovation of buildings to accommodate networks. Wireless and coax-fiber
systems were not evaluated because the technologies were considered to be too new at the time of
the study. The cost of educational software is not included.
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Appendix B: Some Suggested Budgeting Categories

From Smart Valley, Inc.’s “Technical Guidebook for Schools” (available at
http://www.svi.org/tgsguide. The sample budget includes these categories, with examples
of typical line items and prices.

Capital Improvements
Wiring materials
Routers and hub electronics
Servers and workstations
Upgrade and Peripheral Equipment

budget
Furniture Requirements
Safety/Security Improvements
Workstation Software
Server Software
Installation Costs

Operating Budget
Personnel
Maintenance Contracts
Network Hardware
Servers
Workstations/Printers
Software License and Upgrades—

Routers, network and
servers

Software License and Upgrades—
Workstations

Equipment expense
WAN service
Subscriptions
Archiving
Training
Facilities

From “A Technology Planning Guide for Public Schools in Massachusetts,” The
Switched-On Classroom Project of the Massachusetts Software Council, Inc., 1994,
available at http://www.swcouncil.org/switch2.stm. The guide recommends that school
districts include funds for these items in their budgets:

Equipment costs
Upgrade costs
Software costs
Set-up charges—wiring, furniture, facility modifications
Network access fees
Service contracts and maintenance charges
Insurance coverage
Operating costs
Phone lines, security, utilities, expendable materials
Personnel costs
In-house technology specialist, consultants
Staff development
Workshop costs, consultant fees, substitute pay, visits to exemplary schools, course registrations,

materials, etc.


