
The World-Wide Web is a powerful business technology

that has attracted the attention of organizations ranging

from the largest multinational corporations to the smallest

mom-and-pop local businesses. Led by promises of anytime-anyplace contact with customers

and suppliers, dissemination of information worldwide through a modest investment of

resources, and the ability to conduct e-commerce efficiently and reliably, many organizations

have sought to deliver an improved level of service or competitive advantage by way of services

delivered on the Web.

Need to decide whether developing a Web site or service is worth the 
financial investment and the trouble? Use this model to calculate
the payoff. And get in (at the right level) while you can. 

Kai R.T. Larsen and

Peter A. Bloniarz

A COST AND
PERFORMANCE
MODEL FOR
WEB SERVICE
INVESTMENT

COMMUNICATIONS OF THE ACM February 2000/Vol. 43, No. 2 109

 



But organizations setting out to create a Web ser-
vice first need a thorough understanding of the
related costs and performance issues in developing
such services. Especially in smaller organizations,
developing an appropriate business plan often pre-
sents problems. Because Web technology is relatively
new, owners and managers frequently feel they lack
the perspective and experience to accurately assess
these parameters [5]. At the same time, the technol-
ogy is relatively easy to work with; many an organiza-

tion’s technical and programming staff has already
developed a fledgling Web service that may look
attractive. But in part because these services are so
easy to set up and use, many organizations create and
introduce them to the public without a thorough
business analysis. As a consequence, many Web ser-
vices are incomplete, fail to meet their organization’s
goals, and cost more money than expected for devel-
opment and maintenance [3, 9, 11]. 

Organizations that want to understand their busi-
ness choices need a good understanding of the
expected costs and benefits of developing their Web
services. Here, we describe a set of support tools to
help assess these important factors and discuss our
experience using them in a number of public-sector
organizations. Each of these tools is designed for sim-
ple and straightforward use; they might even be char-
acterized as crude. In fact, initially, many of the
organizations we worked with expressed skepticism

about whether the tools would support effective deci-
sion making and yield accurate estimates. However,
based on follow-up interviews with these organiza-
tions and feedback from others who have used the
model in other settings, we have determined that the
tools do indeed support appropriate decision making
about Web development.

Other findings from the interviews include the fol-
lowing development, performance, and management
guidelines:

• Developing a Web service is a multiyear propo-
sition. Organizations should plan for enough
resources to maintain and enhance a service
once it is developed. Out-of-date information
is often worse than no information at all. A
substantial ongoing investment is often needed
to keep a Web service current.

• The cost of the human resources needed to
develop and operate a typical Web site is usu-
ally significantly greater than the cost of the
site’s technical components. Human resources
costs range from five to 12 times as much as
other costs.

• Because Web technology may ultimately
involve much of an organization’s various con-
stituents, the development team should include
all parties that might ultimately be affected by
the particular services being developed.

• In situations where an appropriate technical
infrastructure is not already in place, large one-
time infrastructure costs might also be
required. 

• Services requiring the hosting of a Web service
in-house cost much more than services that can

be outsourced, especially when technology and
skilled personnel are not already available in the
organization.

• Though defining and quantifying performance
measures are typically more difficult than defin-
ing and estimating the cost measures, most orga-
nizations can do both in sufficient detail to
support effective decisions. Since the Web ser-
vices’ performance measures relate directly to an
organization’s strategic objectives, they are extra-
ordinarily important.

• With performance indicators that try to measure
the true value, or “outcome” measures, of a Web
service, it may be difficult for an organization to
sort out the effect of the Web service from other
factors in the environment.

• Of the five cost categories we’ve identified,
“development and maintenance of content” was
the one associated with most of the costs. The
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Figure 1.  The cost-performance model.
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other categories (in decreasing order of cost) are:
“organizational readiness”; “host of site infrastruc-
ture”; “access for staff and other users”; and “end-
user support.” The ranking of these categories is
likely to differ depending on organizational type.

• Web services focusing on information dissemina-
tion may not save an organization money during
their initial periods of use. Some evidence indi-
cates that the introduction of a Web service may
actually increase rather than decreases traffic on
existing channels, including telephone support.

Applying the tools to a planned project should give
smaller organizations a new and valuable perspective
on the process of developing a useful Web service. A
more complete description with case studies is avail-
able, along with a more comprehensive set of guide-
lines for supporting the Web-service decision-making
process [2]. 

The model we describe is primarily for organiza-
tions that have not yet decided whether to deliver a

Web service. The model is also appropriate for orga-
nizations considering expansion of their Web sites
with additional services, regardless of their size.
Although the project that led us to develop these tools
involved public-sector organizations, the approach
applies with equal weight to the private and the not-
for-profit sectors as well.

The Model
The model, which consists of the three tools, is
designed to help organizations narrow the range of
their options in developing Web services (see Figure
1). The tools are part of a framework that examines
specific discrete levels of service. The first tool—the
system features and functionality worksheet—helps
identify the business goals a Web service has to serve,
as well as the delivery mechanisms that will be used
to support the service. This tool provides a frame-
work for making decisions supported by the model.
The second tool—called the performance work-
sheet—identifies the important benefits and perfor-
mance factors that would be affected by the services
defined through the first tool. These factors are
fleshed out as performance variables, measures, and
targets. The factors give an organization a method for

defining in detail the goals of a service, as well as a
framework for measuring whether the service meets
these goals after its implementation. The third tool—
the cost worksheet—helps address a comprehensive
set of cost areas and calculates a rough estimate of the
system’s costs. Though any one of the three tools can
be used alone or be customized to fit a specific orga-
nization’s process of system development, the three
together are complementary, providing a comprehen-
sive perspective of the planned system. 

An organization planning a Web service has to
choose among a variety of potential services to offer its
intended users. The primary goal of the planning
process is to identify a range of choices, then select the
most promising one for development. In the model,
the planners are asked to define three levels of ser-
vice—modest, moderate, and elaborate—in order to
lay out a suite of assessment options.

A modest level of service would represent a mini-
mum investment for an initial Web service covering
a few organizational goals. It might, for example,

include a set of information pages describing the ser-
vices the organization offers users by way of other
channels. At the moderate level, the plan might
include additional features and a wider range of inter-
nal and external information sources. An elaborate
level would correspond to a very ambitious project,
the most the organization could hope for, possibly
including a range of Web-based services with techni-
cally sophisticated design goals. All three levels
should be consistent with the resources that would
realistically be available for the project.

What goes into the three levels of service depends
on an organization’s goals and resources and is always
a subjective process. At this point in an organization’s
decision process, there is no need to analyze the ser-
vice levels; that comes later. An organization may also
define more than three levels, but we feel it is impor-
tant to start with at least these three. Exploring differ-
ent levels of service puts an organization in a more
favorable position to make appropriate choices. 

Applying the Tools
In order to apply the three tools, the model involves
three steps, described in the following paragraphs:

Identifying system features and functionality. The
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first step in making a decision is to be as explicit as
possible about the features and functionality of the
three levels of potential Web-based service the organi-
zation is examining. The system’s developers use the
system features and functionality worksheet (see
Table 1) to develop a simple functional specification
for the three levels of system services, helping make
the estimates made in subsequent steps more con-

crete. This system specification is a simple tool that
may be supplemented with the method the organiza-
tion usually uses for specifying services or with an
alternate method for understanding and specifying
Web services [7].

Assessing and measuring performance. The second
step is to characterize the major benefits that would
result from developing the Web service. Tangible
“process,” or “service,” benefits typically fall into three
performance categories—better, cheaper, and faster—
compared to alternative delivery mechanisms. In
addition to these direct process benefits, indirect ben-
efits may include increased public visibility for the
organization and improved staff morale.

The performance worksheet we developed focuses
on process benefits in order to simplify the analysis
and concentrate attention on the service, rather than
on the mechanisms used to deliver it. If possible, an
organization should characterize the benefits of a Web
service in terms of “outcomes” and “results,” rather
than “outputs.” For example, it might think in terms
of how how its future Web site and service will change

the lives of its business partners and customers, rather
than how many hits its Web pages will receive. While
outcome measurements are often more difficult to
quantify, especially in the complex world in which a
service will operate, focusing on the end results can
help clarify objectives and sharpen efforts.

It is important to define the organization’s expecta-
tions explicitly so that, after a service is operational,

the organization can determine
whether its expectations were
met. Concrete statements of how
customers will be served help
build realism into these plans.
Moreover, involving a variety of
members of the organization in
the analysis gives the project a
better foothold in the organiza-
tion. Through this involvement,
ideas are subjected to further
scrutiny and discussion, clarify-
ing expectations and fine-tuning
the organization’s efforts.

Explicit, objective measures
are preferred—if it is possible to
think about an effect in concrete
terms. Some measures, such as
customer satisfaction, are more
difficult to assess. On the other
hand, if an organization does not
already collect opinions from
customers or constituents, doing
so in a Web survey might be a

good starting point. Because the Web service may
affect a variety of stakeholders, including customers,
employees, and cooperating organizations, such
effects should be kept in mind. 

In the planning stage, it is useful to collect baseline
data about the present situation, as well as forecast the
results expected after the service is in place. In our use
of the tools, we asked the various user organizations
to discuss and agree on targeted measures of perfor-
mance for their own service objectives. These mea-
sures could then be used to determine how well the
service works after it is developed. In our experience,
no one felt entirely comfortable with their forecasts,
but all agreed they were using their most informed
judgment at the time they were figuring them out.
For such estimates, informed, consensual judgment
from a group of knowledgeable managers and techni-
cal experts is probably the best forecasting approach
available.

Targeted measures of performance are developed
for each of the functionality levels—modest, moder-
ate, and elaborate. It is usually sufficient to identify
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Table 1.  Worksheet for system features and functionality.

Modest Moderate Elaborate 

Who are your customers?

What information-based
services will you provide?

How will customers get
access to these services?

What will customers
be able to do?

What system features
will be included?

What information sources
(internal and external)
must be coordinated?

What security and
confidentiality measures
must be implemented?

What activities will be
outsourced?

 



only the most important performance variables; many
of the important effects might be identified only after
the service has been running a while. See Table 2 for a
sample filled-in worksheet for identifying performance
variables, measures, and targets. More information
about developing performance measures is in [6]. 

Assessing the costs of developing and delivering Web
services. The third and final step is to estimate what
it will cost to develop and maintain a Web service.
This estimation may be difficult for organizations
that have not embarked on significant technology
projects before the one involving Web services.
Because the Web is easy to use, people often under-
estimate the cost of developing an effective Web ser-

vice, sometimes by as much as a factor of four [4,
10]. At the same time, it is not uncommon to read
published reports of organizations having to pay mil-
lions of dollars to develop their Web services.

A technology-savvy organization can develop an
effective Web service with a relatively low technology
investment, especially if the project is outsourced. On
the other hand, an expensive effort may be needed to
create and integrate all the information for a Web ser-
vice, especially in larger organizations in which a num-
ber of information sources may have to be coordinated
to deliver an effective service. Advanced service features
may require specialized programming or access to the
organization’s databases, further multiplying the cost of
developing and operating the service.

We have found it necessary to identify as many of

the costs as possible, even when they could not be cal-
culated with certainty. To make estimation of these
costs as straightforward as possible, a cost worksheet
was developed to support planning. The cost frame-
work is intended to be comprehensive but not overly
burdensome, targeting a level of detail appropriate for
smaller organizations.

Five Cost Categories
The costs are broken down into five categories (see
Table 3), discussed in the following sections, each
specified with start-up costs and annual mainte-
nance costs. An organization should estimate each of
them for its proposed systems. The categories

include not only the costs for
technical design and system
development, but also for mak-
ing such decisions as which users
a system would target and what
the service would provide.
Although such planning costs
are easily ignored, they should
indeed be included since they
take resources away from other
potential system development
activities.

Organizational readiness.
Organizations’ preparedness for
taking advantage of Web technol-
ogy can vary tremendously. Help-
ing all levels of an organization’s
staff learn about the technology
may be necessary to support
meaningful discussion of the
merits of a proposed service. 

Access for employees and other
users. Some employees may be
designated to use the Web ser-

vice, others to develop its content, and still others to
provide its technical support. All of them need access
to various technologies, as well as to the Web itself. 

End-user support. An organization’s employees and
the system’s external users may need training and
help-desk support to make effective use of the new
Web resources. 

Content development and maintenance. Develop-
ing a suite of information and services to be provided
on the Web requires, at a minimum, converting exist-
ing information into a form that can be delivered by
Web servers. If the intended application involves two-
way communication or advanced applications, the
cost of developing the service may be substantial. 

Hosting site infrastructure. Once the content is
ready to be installed on the organization’s Web site,
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Table 2.  Performance worksheet (with example).

Modest Target Moderate Target Elaborate Target

Variable: Mailing costs (cheaper)
Measure: Number of information packets sent through the mail 

Reduce by 5% Reduce by 10% Reduce by 30%

Modest Target Moderate Target Elaborate Target

Variable: Quality of service (better)
Measure: Rating in customer survey (on seven-point scale)

Increase average 
rating by 5%

Modest Target Moderate Target Elaborate Target

Variable: Customer base (better)
Measure: Number of new customers each month

National: 10% increase
International: 5% increase

National: 15% increase
International: 10% increase

National: 25% increase
International: 15% increase

Increase average 
rating by 15%

Increase average 
rating by 25%
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Training for Technology Awareness
Planning for Internet Presence

Hardware for End Users
Software for End Users
Network and Internet Access for End Users
Other Vendor Services

Start-up Process for Equipment Procurement
Establish and Manage Vendor and ISP Contracts

Vendor Services

Establish and Manage Vendor Contracts
Development and Delivery of User Training
User Time in Training
Help Desk for Users

Hardware for Content Developers
Software for Content Developers
Network and Internet Access for Content Developers
Other Vendor Services

Start-up Process for Equipment Procurement
Establish and Manage Vendor Contracts
Development and Delivery of Staff Training
Staff Time in Training
Webmaster
Editorial Review
Content Creation and Coordination
Web Site Design and Development
Staff Support for Service
Programming Support
Database Administration
Other Management Support
Other Clerical Support

Hardware
Software
Network and Internet Access
Other Vendor Services

Front-end Research and Technical Evaluation
Start-up Process for Equipment Procurement
Establish and Manage Vendor and ISP Contracts
Development and Delivery of Staff Training
Staff Time in Training
Network and Systems Administration
Web Server Management
Operations Support
Clerical Support

1
2

3
4
5
6

7
8

9

10
11
12
13

14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33
34

35
36
37
38
39
40
41
42
43

Organizational Readiness

Access for Staff and Other Users

Human Resources

End User Support

Human Resources

Content Development and Maintenance

Human Resources

Host of Site Infrastructure

Human Resources

MODEST MODERATE ELABORATE

Table 3.  Cost worksheet.

First Year
Cost

Subseq.
Annual

Subseq.
Annual

Subseq.
Annual

First Year
Cost

First Year
Cost

INFRASTRUCTURE AND OTHER SUBTOTAL
HUMAN RESOURCES SUBTOTAL

TOTAL COSTS

 



available for access via the Internet, a system contain-
ing a Web server and space to store the information has
to be available. This content storage space and support
may be acquired through outsourcing or through the
organization’s connections to the Internet. 

The cost worksheet is useful for planning the evo-
lution of a Web service. Using it, organizations should
assess rather explicitly what the start-up costs might
be for the three different versions of the three levels of
service—modest, moderate, and elaborate. It some-
times makes a great deal of sense to make substantial
one-time investments targeting an elaborate level of
service objectives from the start. In other situations,
first-year costs can so be daunting that a relatively
modest investment may be more realistic. The latter
view can make sense in light of reports that some
investments in Web services may not return a profit
for years [1].

It is never too early to begin the analysis, although
comprehensive estimates may not be available until
some initial prototyping is done. The development
team should focus on the most expensive resources.
The numbers should be refined as the organization
gains a greater understanding of the issues. Though it
is often difficult in practice to produce accurate assess-
ments, the payoff in terms of reduced uncertainty is
worthwhile [12]. (Detailed instructions for each cell in
the worksheet are available from the authors [2].)

Once the cost and performance assessments are
made, it’s time to decide on an appropriate level of
investment. It is sometimes quite difficult to draw an
obvious conclusion from all the available information.
Standard decision-support approaches can be used
[2]. A simplistic approach would be to try to quantify
all benefits in dollar amounts and divide costs by ben-
efits to identify which system provides the greatest
benefit for the least cost. This simplistic approach
may be useful for organizations whose primarily con-
cern is cost. Typically, a more complex decision frame-
work may be necessary; if the organization has a long
list of performance criteria, a multiattribute utility
model or a resource allocation method may be useful.
(A bibliography of useful resources is available in [2].)

Experience
The tools described here were developed in a project
run by the Center for Technology in Government
(CTG) at the University at Albany of the State Uni-
versity of New York. Seven public organizations
worked in a joint effort to create individual Web ser-
vices. The organizations were neither large nor small,
were relatively new to Web technology, and had lim-
ited experience developing such services. The ser-
vices they planned ranged from straightforward Web

dissemination of information to online ordering of
agency materials directly through the Web. The
project participants formed a network organization
to create their Web services, with CTG helping them
explore the relevant issues [7, 8, 10]. The decisions
the agencies ultimately made were supported by ear-
lier versions of our tools.

Each of these organizations has since gone live with
their Web services, incorporating features relatively
close to those they had planned in the project. When
we interviewed the participants a year later to assess
the effectiveness of the tools, we were mainly looking
to determine whether the tools effectively supported
the agencies’ decision making, even those with limited
previous experience with Web technology. 

During the project and in the follow-up interviews,
the agencies’ representatives expressed their discom-

fort about making the predictions called for in the
model’s performance assessment and measurement
and cost assessment due to their inexperience in devel-
oping Web services. In spite of this difficulty, they felt
the decisions they did make were appropriate and
were happy with the results. 

The tools are actually something of an artifice—
intended to get the team talking, clarifying ideas,
building project awareness and ownership, pointing
out differences in expectations, identifying additional
organizational units that should be included in the
process, and identifying reasonable expectations for
the new service. Although the cognitive gap between
objectives and tasks was evident to the agencies’ rep-
resentatives, our one-year follow-up interviews con-
vinced us that the tools had indeed achieved their
intended goals.

In analyzing the agencies’ estimated and actual
development costs, we found that personnel and tech-
nical infrastructure costs represented the bulk of their
Web-development expenses. The cost of such items as
Web development tools and Web servers was usually
small compared to the human effort needed to define
and develop the content of the service and the base
level of technology these organizations have to have.
For these agencies, the expected costs of human
resources were consistently higher than the costs for
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Table 4.  Ratio of infrastructure and 
human resources costs.

Lowest difference

Greatest difference

Mean

Median

1:3.9

1:13.7

1:8.3

1:8

1:2.1

1:7.5

1:5

1:5.1

1:1.7

1:6.9

1:4

1:4.1

Modest Moderate Elaborate

 



technical infrastructure and other technology factors
(see Table 4). For example, for a modest service, the
human resources costs ranged from 3.9 to 13.7 times
the costs of technical infrastructure and other things.

Conclusion
Even though the Web, and even the Internet, are rel-
atively new technologies, we recommend that orga-
nizations planning to deliver Web services proceed
along the same lines as their other technology pro-
jects: define the service they want; describe its
expected effects; estimate the costs to develop and
maintain it; and make a decision. Using our method
and its tools, organizations should be able to per-
form an analysis sufficient for making sound invest-
ments that will achieve desired results, even as
directions change in light of the Web’s own rapid
evolution.
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