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ABSTRACT

Junk e-mail or spam is rapidly choking off e-mail as a reliable and efficient
means of communication over the Internet. Although the demand for human at-
tention increases rapidly with the volume of information and communication, the
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supply of attention hardly changes. Markets are a social institution for efficiently
allocating supply and demand of scarce resources. Charging a price for sending
messages may help discipline senders from demanding more attention than they
are willing to pay for. Price may also credibly inform recipients about the value of
a message to the sender before they read it. This article examines economic ap-
proaches to the problem of spam and the results of two laboratory experiments to
explore the consequences of a pricing system for electronic mail. Charging post-
age for e-mail causes senders to be more selective and to send fewer messages.
However, recipients did not interpret the postage paid by senders as a signal of
the importance of the messages. These results suggest that markets for attention
have the potential for addressing the problem of spam but their design needs fur-
ther development and testing.

1. INTRODUCTION

As Herbert Simon noted over 2 decades ago, “a wealth of information”
that accompanies the increasing capability of computers to generate, store,
and transmit information can lead to a “poverty of attention” (Simon, 1982).
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At about the same time, Poole, Inose, Takasaki, and Hurwitz (1984) empiri-
cally demonstrated that the supply of information has been growing faster
than our ability to consume it. Over the past 100 years, the volume of words
and images available in various forms has grown exponentially, much faster
than the number of recipients and the time they can devote to processing the
information. This discrepancy between the two growth rates means that a
higher proportion of the information produced remains unread by many who
could benefit from it, and is in that sense wasted. In addition, the glut of infor-
mation makes it increasingly difficult for consumers to find what is relevant,
useful, or enjoyable.

This imbalance between the wealth of information and the poverty of at-
tention is manifest in science, literature, entertainment, conventional and
electronic media, Web sites, and correspondence. In this article, we consider
a particularly egregious case of imbalance between information and atten-
tion—the unsolicited, bulk electronic mail known as junk e-mail or spam.

Spam is no longer a mere nuisance. It is growing rapidly and threatens to
choke off e-mail as a reliable and efficient means of communication over the
Internet. Credible estimates from mid-2003 suggest that spam accounts for
about 45% of all e-mail sent, up from 8% in 2001. Seventy percent of all e-mail
received by AOL subscribers is spam (Hansell, 2003).

Although there are many ways of looking at the spam deluge, we take the
perspective that economics lies at its core. Computer technology has cut the
cost of delivering messages by orders of magnitude. Given the fixed cost of
hardware and software, the marginal cost of delivering an e-mail message is
negligible. The marginal cost of sending a marketing message to 1 million re-
cipients by e-mail is less than $2,000, whereas the same solicitation sent by
conventional, bulk-rate postal mail would cost $198,000 in postage alone, not
counting paper, printing, and other distribution costs (Hansell, 2003). In the
face of these low costs, it is hardly surprising that experts estimate that com-
mercial e-mail is profitable if even one recipient in 100,000 makes a purchase
(Hansell, 2003).

This study explores whether an economic solution—pricing—can solve
this problem rooted in the economics of communication. A postage approach
was one of the alternatives proposed at Senate hearings in May 2003 to deal
with the problems of unsolicited commercial e-mail (see Gross, 2003). It also
received significant attention when Bill Gates argued for solutions to spam
that also included stamping e-mails.1 In the following section, we briefly re-
view two other approaches for dealing with spam—filtering and regulation—
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and then summarize the basic idea of a pricing model. In Section 3, we pro-
vide some intuitions for various economic interventions that may be used to
restrict spam. It can be shown, in principle, that when the value of sending or
receiving messages is different across recipients, per-message pricing will
benefit both senders and receivers. Such pricing encourages senders to target
their messages to the most interested recipients and provides a reliable signal
that allows recipients to distinguish among the messages and identify those of
greatest interest to them. In Section 4, we describe two laboratory experi-
ments that test some of the core predictions of the economic model. The re-
sults of the experiments show that per-message pricing does indeed improve
targeting of messages. The final section of the article considers how the in-
sights from these simple economic and laboratory models might be translated
into practical e-mail systems that can control the inefficiencies of spam.

2. MECHANISMS TO COMBAT SPAM

2.1 Filters

E-mail filters and rules allow recipients to flag messages with a priority
(Cranor & LaMacchia, 1998).2 Although they are used extensively in prac-
tice, few believe that filters can be a steady-state solution to spam for several
reasons. First, commercial mailers can and do continually change or disguise
the source of their messages to get through the filters.3 Second, effective filter
rules are difficult to program. It is beyond the capabilities of filter rules based
solely on parsable attributes of messages to accurately distinguish between
messages that recipients would or would not want to read (MacKay et al.,
1988). Even modern, research-based Bayesian filters (Sahami, Dumais,
Heckerman, & Eric Horvitz, 1998) are only 92% to 95% accurate with static
e-mail corpora4 and fail to account well for the continual evolution of sender
strategies. Third, designing and deploying effective filters consumes scarce re-
cipient resources, getting past them consumes sender resources, and the mes-
sages themselves consume network and storage resources. Fourth, not all
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2. Bälter and Sidner (2002) provide a rule-based technique that can categorize and
prioritize the incoming messages. This technique does not require the use of filters.

3. In a Senate hearing, the chief executive of one Internet marketing firm boasted
that he could crack most sophisticated junk e-mail filters in less than 24 hr (Krim,
2003).

4. Some vendors report that their filters have 98% accuracy (see
http://www.surfcontrol.com/ products/email/SEF_Effectiveness_Results.pdf). But
others argue that such claims can be based on misleading statistics (see
www.cs.utk.edu/~moore/opinions/spam-filters.html).



senders are spammers and the recipients employ filters with little regard for
the legitimate interests of the senders. Finally, the effect of filters on spam
senders’ behavior is only indirect; they do not directly deter such behavior.

2.2 Regulation

Government regulation to place limits on commercial e-mail exist in both
Europe and the United States. The European Union’s Directive
(2002/58/EC) prohibits false identities on commercial e-mail and requires
that recipients must explicitly elect to receive commercial e-mail before it can
be sent to them. In the United States, at least 25 states currently have some
form of commercial e-mail legislation.5 For example, 2002 Utah legislation
requires that unsolicited commercial e-mail include the sender’s name and
physical address, opt-out instructions, and accurate routing information and
that the message contain a subject-line label indicating that it is advertising.

At the federal level, the Controlling the Assault of Non-Solicited Pornogra-
phy and Marketing Act (an awkward title chosen to yield the acronym Can
Spam) went into effect on January 1, 2004. The Can-Spam Act of 2004 re-
quires commercial e-mailers to truthfully identify themselves, provide valid
“opt-out” options, include a business address, and identify the message as ad-
vertising. The Federal Trade Commission can impose civil fines up to $250
per unlawful message and 1 year of jail term for sending commercial e-mail in
which the header information is misleading or inaccurate.

Although it is possible for the regulatory approach to work, the highly dis-
tributed design of the Internet makes such regulation difficult to enforce. Al-
though the European Union has had more stringent e-mail legislation for a
longer time than the United States, recent field studies find that the pattern of
junk e-mail messages in the United States and Europe remains similar ( Jamal,
Maier, & Sunder, 2003, 2005). Recent survey research in the United States
shows that Americans’ concerns and dissatisfaction with e-mail have grown,
not declined, since the passage of the Can-Spam Act (Rainie & Fallows, 2004).
In March 2004, 3 months after the passage of the Can-Spam Act, respondents
were more likely to report that spam has made being online more unpleasant,
made them less trusting of e-mail, and reduced their overall use of e-mail
compared to the situation in June 2003, 6 months before its passage. One
problem is that a large proportion of commercial e-mail originates in regula-
tory sanctuaries outside of the recipients’ national borders. Even if the regula-
tory approach were to be effective within a single country, the global scope of
the Internet renders enforcement of national laws across international bound-
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aries ineffective. A problem of such international scope calls for an interna-
tional enforcement regime.

Moreover, interest groups and direct marketers lobby to tone down the
stronger aspects of antispam legislation. Such groups argue that many regula-
tory controls would unfairly restrict e-mail marketing and put e-commerce at
a disadvantage compared to traditional commerce. According to the Ameri-
can Direct Marketing Association, direct marketing is a $7.1 billion market in
the United States and consumers save close to $1.5 billion due to direct mar-
keting (Grimes, 2003). To date, the Can-Spam legislation seems to have had
little effect on reducing the volume of spam. Indeed, some critics have argued
that it has merely provided legal cover for the spammers.

2.3 Pricing

Pricing is a third approach to dealing with the problem of spam. Consider
one example: senders would pay or commit to pay for each message they sent
an amount that would depend on characteristics of the recipients (e.g.,
whether addressed individually or as a group) or the quality of service (e.g.,
immediate or delayed delivery). This pricing regime would be analogous to
the U.S. Postal Service’s tariffs,6 where postage is charged per message de-
pending on whether the message is sent by express, registered, first-class, sec-
ond-class, or bulk mail services. Pricing of e-mail would be an example of us-
ing a market mechanism to allocate scarce resources—human attention in
this case. It is based on the fundamental principle of economics—that mar-
ket-determined prices can help allocate scarce resources in a Pareto-efficient
manner. In a Pareto-efficient allocation, an alternative does not exist that
makes one person better off without also making at least one other person
worse off. Markets are social institutions that have evolved to solve difficult
society-level optimization problems using information in possession of indi-
viduals (Hayek, 1945). We conjecture that a market for attention that charges
senders for each message they send can, like other markets, efficiently allo-
cate the resources through decentralized decision making. Without revealing
private information, it can induce potential message senders to rationally de-
cide if they should send a message, after considering its cost. A market for at-
tention can also help potential readers to decide whether to receive a mes-
sage, based on the value they place on their own attention, again without
revealing private information.

A pricing system for e-mail would conform to the spirit of the Internet in
that it (a) would not depend on a central authority regulating the message traf-
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fic, (b) would not block anyone from sending a message to anyone else, (c)
would allow the electronic message pricing to evolve naturally in the market-
place, and (d) could be institutionalized so that it imposes no net cost for the
users, with the money paid by the senders being credited to their respective
recipients.

Pricing e-mail based on volume or importance is not a new idea. Re-
searchers in academia and industry have explored how such systems might
work (e.g., Dwork, Goldberg, & Naor, 2003; Dwork & Naor, 1993; Gross,
2003; Loder, Van Alstyne, & Walsh, 2005; Malone, Grant, Turbak, Brobst, &
Cohen, 1987; Zandt, 2001) and leaders in the software industry have advo-
cated its use (Gates, 1995). The pricing policy is based in part on the senders’
assessment of the importance of a message reaching a designated recipient
within a specified time period.

Recently, pricing-based mechanisms have begun to emerge in practice as
well. As we discuss in a subsequent section, the Daum Corporation, the larg-
est Internet portal in Korea, created an Online Stamp Service. It charges bulk
e-mailers a fee to send messages to its subscribers (see http://onlinestamp.
daum.net/). If a company sends more than 1,000 messages a day from a sin-
gle IP address or cluster of them, Daum requires that it register and pay a fee
to send mail to Daum subscribers. The fee is scaled according to usage, with
the maximum of 10 KRW per recipient (approximately 0.8 cents, in U.S. dol-
lars) charged to those who send the most mail. Mailers receive a rebate, how-
ever, proportional to the fraction of subscribers who rate their bulk e-mail as
“informative.” Subscribers receive points redeemable for gifts for each e-mail
they rate. Similarly, Goodmail Systems (see www.goodmailsystems.com)
has also proposed a system in which ISPs would allow e-mail messages carry-
ing encrypted stamps to bypass spam filters. Goodmail proposes to sell such
stamps to mass-e-mailers and provide them free of charge to other e-mail us-
ers in small numbers.

Zandt (2001) developed an economic model to explain why pricing of
electronic mail should be beneficial to both senders and recipients. Zandt’s
model can be extended to show that pricing improves communication effi-
ciency most when the cost varies with the number of messages and the num-
ber of recipients and when the senders receive information that enables them
to differentiate among the potential responsiveness of various recipients to
the message. The key insight is that by charging a small price to send a mes-
sage, the pricing system shifts the task of screening messages from recipients,
who don’t know the content of a message, to senders, who do. Pricing rewards
senders for being selective in sending messages. Senders’ information about
the recipients’ interests enables the senders to be more selective, increasing
the chances of their messages being relevant to and read by the recipients.
Loder et al. (2005) also argued that senders, because they know more about
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their message than receivers, should bear the burden of paying if they want
receivers to read their message. One key contribution of our article is to test
the impact of different pricing strategies in a laboratory setting.

Imagine a world with many senders of e-mail whose messages appeal to
different recipients. For example, these senders might be advertisers, who
market products that appeal to particular classes of consumers. If a sender
sends a message that reaches an interested recipient and the recipient reads
and responds to it, both sender and recipient benefit. For example, if a plant
nursery advertises a sale on perennials and its message reaches a gardening
enthusiast in the market for irises, both nursery and gardener benefit. Both
senders and recipients lose if the nursery fails to send out advertisements, if
the advertisements fail to reach the interested gardener, or if the gardener fails
to process the message because it is buried in a flood of other messages.

However, recipients have limited time and attention. In addition, despite
filters and other tools, recipients cannot perfectly determine the value of a
message without spending some time processing it. As a result, they devote
some of their time and attention to processing irrelevant messages at the ex-
pense of relevant ones. Thus, in the gardening example, when there are too
many messages, both nursery and gardener lose because relevant messages
get buried in a flood of irrelevant ones.

The Effects of Pricing

All else being equal, demand for goods and services decreases as their
price increases. This downward slope of the demand function is a basic
proposition in economics. In a messaging economy, senders must consider
not only the costs but also the benefits of sending messages, and the net
consequence for senders of raising the price of messages depends on both.
The cost of sending messages is a function of the price schedule and the ac-
tion of senders; the benefit is a function of the strategy of recipients under
the given regime.

When the marginal cost of messages is zero, individual senders send their
messages to all possible recipients they can reach. Inboxes of recipients are
soon flooded with more messages than they can possibly process. As a result,
both senders and recipients suffer when a recipient fails to read a relevant
message. Recipients also suffer when they waste time reading or processing ir-
relevant messages. This was illustrated in the gardening scenario.

In the following sections, we consider the impact of two pricing schemes—
fixed, in which senders are charged a fixed cost for sending any messages at
all; and variable, in which senders are charged more as they send to more re-
cipients—under two environments. In one environment, senders have no in-
formation about individual recipients and therefore cannot target them selec-
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tively. In the second environment, senders have such information. In this
discussion, we assume that both senders and recipients benefit if a recipient
reads a relevant message.

No Targeting, Flat Rate

As long as the benefits of mass mailing exceed the fixed cost of mailing,
senders will enter the market. As recipients bombarded with more messages
lower the fraction of messages they read, which we call their processing rate,
benefits to senders decline. When the benefits drop to the level of fixed costs,
there are no incentives for more senders to enter the market. But those who
remain continue their mass mailings. If the recipients are already at their pro-
cessing capacity and the number of senders is already at the zero-profit equi-
librium, a marginal change in the fixed cost of sending a message will not
change the welfare of either the senders or the recipients. This is because any
benefit that results from a reduction in number of irrelevant senders will be
offset by the reduction in the number of relevant ones. If the fixed cost is suffi-
ciently high, the zero-profit equilibrium for senders may be achieved with so
few senders that the recipients are able and willing to process all the messages
they receive; but again, the receivers will not benefit because these senders
will send too many irrelevant messages. We restrict our own experimental in-
vestigation to a range of parameters where the number of messages is beyond
the processing capacity of recipients.

No Targeting, Variable Rate

When the marginal cost of sending messages is sufficiently high, it is un-
profitable to send messages to all potential recipients. But, in the absence of
targeting information, any senders who choose to remain in the business can
send messages only to a randomly-chosen subset of recipients. Whether the
recipients read all or a subset of messages received depends on the volume of
messages relative to their processing capacity, and on the expected value of
reading a message. But even with a variable-rate pricing scheme, receivers
and senders are unlikely to benefit by changes in prices because, as before,
any benefits that result from the reduction in the volume of irrelevant mes-
sages are balanced because receivers also fail to receive relevant messages.

In summary, when targeting information is not available, neither the
fixed-price nor the variable-price scheme is likely to improve sender or re-
ceiver benefits.
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Targeting Recipients

When senders have information to distinguish among the potential recipi-
ents of their messages, then they can restrict their messages to the relevant re-
ceivers. But it is clear that under the fixed-rate (zero marginal cost) regime,
they would still send their messages to all potential recipients as long as the
fixed cost is less than the total benefit of sending to all. Therefore, the fixed
pricing scheme will not lead to any improvement for sender or recipients.

In summary, we would expect that a variable pricing scheme combined
with information that differentiates among recipients will cause senders to tar-
get recipients, which will increase benefits to both senders and recipients.
Testable hypotheses about targeting and benefits are listed in Section 3. It
should be noted, however, that although variable pricing reduces the volume
of communication and the chances of information overload, these benefits
depend on the price charged. In the extreme, too high a price will choke off
all communication, reducing benefits to both sender and recipients to zero. A
sufficiently high variable price could be just as disadvantageous as a suffi-
ciently high fixed price.

Signaling

The pricing model discussed earlier focuses on the benefits of that result
when senders are selective. Prices can also signal the sender’s assessment of
the value of the message to the recipient and help the recipient decide which
of the competing messages deserve attention. Signaling requires economic
agents to take observable and costly measures to convince others of the value
or quality of their products (Spence, 1973). In many situations, a sender can
signal the importance of a message by paying more to deliver it. The price
that the sender paid is the major reason that recipients open their express mail
before their bulk mail. The credibility of the signal should increase with the
cost to the sender. A “high-priority” label on a message only works if the re-
cipient has reason to believe, from prior experience or its cost to the sender,
that such labels are not used indiscriminately. In short, a legitimate sender
(but not a spammer) is willing to use a “high priority” message only when (a)
the signal is credible enough so that receivers are more likely to see the mes-
sage and respond to it and (b) price is high enough to deter spammers (but not
too high for a legitimate sender that any benefit of signaling is negated by
cost). Testable hypotheses about the use of high–low priority signals are also
listed in Section 3.
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3. DESIGN OF THE EXPERIMENTS

We conducted two laboratory experiments to examine the effects of differ-
ent postage regimes on message-sending behavior, message-receiving behav-
ior, and the overall social welfare of the participants. The goal across the two
experiments was to see if the qualitative predictions of economic intuitions
described in the previous section are consistent with empirical data. In partic-
ular, we were interested in whether different types of pricing with and without
information differentiating recipients would influence how much e-mail peo-
ple sent and whether they targeted their messages, how many messages recip-
ients read and whether they read the most relevant ones, and whether these
changes in sending and reading behavior would influence participants’ wel-
fare. As in most experiments, our results show only what the effects of an in-
tervention—in this case, message pricing and targeting—can be under con-
trolled circumstances. Producing the same effects in the real world is an
additional research and design challenge.

In these experiments, players earned money by completing a crossword
puzzle (the foreground task). They could ask other players for help to im-
prove their crossword scores, and earn additional money by sending answers
to them. They could label their messages as high or standard priority. They
engaged in these activities under two different postage regimes. Under one,
they were charged a flat rate for every message they sent, regardless of the
number of recipients or priority label. Under the second postage regime, they
paid per recipient and paid more for sending high-priority messages. We pro-
vide the details later.

The experiments were designed to capture a situation with the following
conditions:

1. Players had a foreground task—in this case, completing crossword puz-
zles. Their performance in this task had personal value to them. Their
skill in the foreground task determined the opportunity costs of the
time they spent on processing e-mail.

2. Players had an incentive to send electronic mail to other players—ask-
ing or responding to questions—which may or may not have been of
value to the recipients.

3. Players received more messages than they could read in the time pro-
vided. Under these conditions, players had to allocate their time be-
tween the foreground and e-mail tasks and among the messages they
received.

4. The value of any given message varied across players.
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3.1. Experiment 1: Comparing Flat-Rate and Variable-Rate
Pricing

Participants and Task

Four to six university undergraduates played a game that required each to
fill out a unique crossword puzzle in each of five 10-min rounds. The partici-
pants received a monetary reward for their performance in the crossword
puzzle task, based on two criteria. They earned $.05 for each correct letter
filled in their crossword puzzle. They also earned money for helping others.
They were given clue sheets containing clues and answers for the words ap-
pearing on other players’ puzzles.

Participants could send e-mail messages to one or more players requesting
help or responding to such requests. To simplify data analysis, players were
required to characterize the content of their messages and were allowed to in-
clude only a single query or answer in each message. On receiving a message
purporting to contain help, the recipient indicated whether he or she would
use the answer. If so, the sender received $.15 per letter for providing the help.

Although exchanging messages was potentially rewarding, it also com-
peted for the time a participant could devote to work on the puzzle. To em-
phasize the opportunity cost of messaging, the screen blanked out for 5 sec
when participants clicked to open an incoming message.

Standard-priority messages delivered with a 20-sec delay appeared in the
recipient’s inbox in standard font. High-priority messages were delivered im-
mediately and were displayed in the recipient’s inbox in bold font.

To make attention a scarce resource, a server was programmed to send out
e-mail messages approximately every 7 sec. The server-generated messages,
all standard-priority, appeared to come from another player and contained
useless text.

None of the messages contained a subject field. As a result, the message’s
priority level and the identity of its sender were the only clues the recipient
had about its potential value. Elimination of the subject field enabled us to fo-
cus the experiment on the consequences of pricing on communication. Given
the simple communication involved in the crossword puzzle task, we could
not allow the subject line to become a substitute for the message itself.

Postage Regimes

We randomly assigned all participants in a session to one of two different
postage regimes—an inexpensive fixed-rate regime and a more costly vari-
able-rate regime.
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In the fixed-rate postage condition, both standard-priority and high-prior-
ity messages cost $.02 each, independent of the number of addressees. We
sometimes refer to this condition as message-based pricing. In the vari-
able-rate postage condition, standard messages cost $.02 and high-priority
messages cost $.04 per addressee. We sometimes refer to this condition as re-
cipient-based pricing. A high-priority message to three people cost $.02 ($.02
× 1 message) in the fixed-rate condition, and $.12 ($.04 × 3 addressees) in the
variable-rate condition.

At the end of the sessions, participants filled out a debriefing question-
naire and received their earnings in cash (approximately $23 for 100 min,
on average).

The Customized E-Mail System

We built an experimental environment, including a customized e-mail sys-
tem, for exchanging messages and keeping track of costs and earnings. Four
windows appeared on participants’ screens (see Figure 1). One of these (top
left) was a customized version of Microsoft Excel™ containing a crossword
puzzle and its clues. One window (bottom middle) was used to send e-mail
messages and another (right) was used for viewing the inbox and the content
of received messages. The fourth window (bottom left) was used for calculat-
ing the players’ cash earnings. Values in the earnings window were updated
every 30 sec to reflect the rewards from helping other players and the postage
charges. At the end of each round, a computer graded the crossword puzzles
and updated players’ earnings.

Analysis. We expected that the postage regime under which participants
played the game would directly influence their sending decisions—number
of messages, number of recipients, and use of the high-priority option. These
decisions would, in turn, influence recipients’ behavior—reading messages
and responding to help requests. Finally, these factors directly, and in interac-
tion with the postage regime, should influence players’ earnings.

Because messages were nested within players within rounds of the experi-
ment and because players were nested within experimental session, we used
hierarchical linear models to account for the nonindependence of observa-
tions (Bryk & Raudenbush, 1992). For analyses about particular messages and
responses to them, the message was the unit of analysis. For analyses about
communication value and performance outcome, the player within round
within session was the unit of analysis. In all models, the university where the
session was run, the number of players involved, and the round within ses-
sion, were included as control variables.
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Measures

Sending behaviors included the number of messages sent during a round,
the number of recipients per message, and the proportion of messages sent by
high priority.

Attentional behaviors included the proportion of messages read and re-
sponded to and the percentage of help accepted.

Performance outcomes included a player’s earnings during a round—the
sum of the amounts earned from completing puzzles and offering help, less
the cost of postage.

Hypotheses

We divide our testable hypotheses into three categories, encompassing
sending behaviors (H1), recipients’ attentional behaviors (H2), and perfor-
mance outcomes for the senders and recipients (H3). All hypotheses compare
behavior under variable-rate, recipient-based pricing, and fixed-rate, mes-
sage-based pricing.
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Regarding sending behavior

• H1a: Senders send fewer messages under variable-rate pricing (com-
pared to fixed-rate pricing).

• H1b: Senders send each message to fewer recipients under variable-rate
pricing.

• H1c: Senders use the high-priority designation less often under vari-
able-rate pricing.

Regarding attentional behavior

• H2a: Recipients read a larger proportion of all messages they receive
under variable-rate pricing.

• H2b: Recipients increase reading of high-priority messages relative to
standard-priority messages under variable-rate pricing.

• H2c: Recipients reply to a larger proportion of messages under vari-
able-rate pricing.

Regarding overall performance

• H3a: Players earn more from completing the puzzle task under vari-
able-rate pricing.

• H3b: Players earn more from offering help under variable-rate pricing.

Results and Discussion

Descriptive Statistics

Figure 2 shows samples of the messages players exchanged. Players sent
questions, asking for the words associated with the clues for crossword puz-
zles. In addition, they sent answers, either in response to questions addressed
to them or proactively, without responding to a question. Thirty-five percent
of their messages were questions and 63% were answers.7 They read 60% of
the messages they received and replied to 20.6% of the questions they re-
ceived. Forty percent of questions received at least one reply. Senders used
high priority for 83% of their messages. Across all conditions, they spent $.91
per round on postage.

PRICING E-MAIL TO SOLVE SPAM 209

7. Note that there were more answers than questions because participants
proactively sent answers to other players as well as sending them in reply to spe-
cific questions. In addition, a question sent to several players could generate multi-
ple answers.



Effects of Postage Regime on Message Sending

The postage regime influenced message sending in economically sensible
ways. Figure 3 shows these effects. In the variable-rate postage condition
(paying per recipient and paying more for high-priority messages), players ra-
tioned their messages. They sent a third fewer messages per round and ad-
dressed each to fewer recipients. In the fixed-price condition, where the cost
of a high-priority message was the same as that of a standard message, the
high-priority label became routine and players used it for almost every mes-
sage; the high-priority label was used more sparingly in the variable-pricing
condition. The results confirm hypotheses H1a, H1b, and H1c.

Effects of Message-Sending Behavior on Attention

The players’ behavior in sending messages had large effects on the atten-
tion recipients paid to them. Recipients read a higher proportion of their mes-
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Figure 2. Examples of Exchanges Between Players

Example Content
Number of
Recipients

Question–Answer
sequences

1 Q: egyptian river? 2
A: nileriver 1
A: Nile? 1

2 Q: traveling musician?—immediate delivery
only—lots of money for help!

4

A: just a guess: troubador 1
3 Q: marijuana? 3 letters 4

A: pot 1
4 Q: 6 letter word for lodestone, starts with m 1

A: answer is MAGNET 1
Unanswered
questions

5 Q: first state in the union? 5
6 Q: What is slang for a harmonica? 1
7 Q: cheese filled pasta? 4
8 Q: help me for What is an indian sauce??? 1

Unsolicited
answers

9 A: unable to do things = incompetent 4
10 A: overruled or sustained  OBJECT 4
11 A: ionic is a charged particle 4
12 A: “TYRANNOSAURUS means ‘terrible lizard’” 4



sages when fewer messages were sent (r = -0.14, p < .02) and when each origi-
nal was sent to fewer recipients (r = -0.19, p < .001). They were especially
likely to read messages labeled as high priority (r =. 43, p < .0001). They read
77% of the high-priority messages versus only 16% of the standard-priority
messages. This large difference in reading rates occurred partly because re-
cipients could be sure that high-priority messages were sent by real players
and not the spam server.

Variable-rate pricing reduced the number of messages sent and recipients
per message, while increasing the use of the high-priority label. These effects
cancelled each other out. As a result, recipients read approximately the same
percentage of messages in both the fixed-rated and variable-rate pricing con-
ditions (p = .38). Thus, there was no support for hypotheses H2a and H2c.

We had expected that high-priority messages would be read more when this
designationwascostly (i.e., in thevariable-ratepostagecondition).Thiswasnot
thecase,however.Playersweremore likely to readhigh-prioritymessages than
standard ones and this increase was approximately the same in both the vari-
able-rate pricing condition (80% vs. 20%) and the fixed-rate pricing condition
(74% vs. 12%, p = .68). Thus, hypothesis H2b was not supported.

Effects of Postage Regime on Economic Outcomes

We expected that the effects of the variable-rate postage regime—in partic-
ular reducing the volume of communication—would help players more effi-
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Figure 3. Experiment 1: Effects of Postage Regime

Postage Regime

Dependent Variable Fixed Variable p

Sending behavior
Unique messages sent a 18.7 12.6 .13
Recipients per message b 3.3 2.4 .08
Percentage high-priority message b 93 69 .01

Attention behavior
Percentage messages readb 70 61 .38
Percentage questions replied tob 20 23 .75
Percentage help acceptedb 22 42 .15

Performance
Total earningsa $2.73 $1.69 .05
Puzzle completion earningsa $2.30 $2.09 .40
Reward for helpa $0.82 $0.84 .87
Paid for postagea $0.37 $1.22 .06

Note. N = 3888 messages nested within 55 players nested within 11 experimental sessions.



ciently allocate their time between their foreground task (the crossword puz-
zles) and communication. We therefore expected them to earn more money
under the variable-rate postage condition, at least before subtracting the post-
age costs.

This prediction was not confirmed. Participants in the variable-rate post-
age condition netted significantly less than those in the fixed-rate postage con-
dition (p = .05). They earned insignificantly less for completing puzzles and
for providing answers to fellow players but spent substantially more for send-
ing messages (p = .06).

Although this result is inconsistent with the hypotheses, it is understandable.
Without access to targeting information in this experiment, the increase in the
cost of communication induced players to send fewer messages to fewer recipi-
ents.Theysent fewerquestions, reducing theprobabilityof reachingarecipient
who had the information they needed. They also sent fewer answers, reducing
their chance of sending information to someone who needed it. The reduction
incommunicationvolumecancelledanygainsof lower informationoverload.

3.2 Experiment 2: Adding Targeting Information

Experiment 2 was designed to examine messaging behavior when senders
of messages have information so they can selectively target recipients. In Ex-
periment 1, senders had no information to discriminate among the potential
recipients. In Experiment 2, we introduced the possibility of targeting com-
munication by letting players know the domains of expertise that others in the
game had. With this information, a player who needed the answer to a ques-
tion about science, for example, could send a question to the science expert.
This was the case in Figure 2, example 4, where one player asked the science
expert for a six-letter word for lodestone. Our prediction was that players
would be more likely to address their questions to experts when communica-
tion was more costly.

To contrast communication that allowed targeting with communication
that did not, we introduced a new type of message—advertisements. Senders
received no benefit from targeting advertisements. Senders were rewarded
when recipients opened advertisements and the reward they received did not
depend on which recipients opened it. In addition, unlike the case of ques-
tions, which were valuable to recipients when they answered them, recipients
were penalized for opening advertisements, because it left them with less time
to do their crossword puzzles.

Experiment 2 was designed to examine the differential impact of charging
for communication on senders’ behavior when recipients were identifiably
heterogeneous, as they were in respect to questions, compared to when recip-
ients were not heterogeneous, as they were with respect to advertisements.
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We predicted that expensive, variable-rate pricing would cause senders to re-
duce their communication more when they could target recipients (i.e., when
sending questions) and that senders would take advantage of targeting infor-
mation more when communication was more expensive (i.e., under vari-
able-rate pricing).

Methods

Procedures for Experiment 2 were similar to Experiment 1, with the fol-
lowing differences.

Advertising

All participants could send questions and answers, as in Experiment 1. In
addition, two participants in each session could send advertising messages,
earning $0.25 per recipient who opened an advertisement. Opening an ad-
vertisement covered the recipient’s crossword puzzle for 5 sec.

Expertise

As in Experiment 1, answers to puzzles were distributed among players. In
Experiment 2, answers were distributed so that each player was an “expert” in
one of the six domains (science, law, cooking, geography, music, living
things). The expert was 80% likely to have an answer, whereas the others had
only a 50% chance of having an answer. All players were given a table show-
ing the assignment of expertise across players.

Hypotheses

As in Experiment 1, the testable hypotheses for Experiment 2 also are di-
vided into three categories: sending behaviors (H1), attentional behaviors
(H2), and overall economic outcomes (H3). All hypotheses compare behav-
ior under expensive, variable-rate, recipient-based pricing relative to inex-
pensive, fixed-rate, message-based pricing.

Sending Behaviors

H1a, H1b, and H1c are also applicable to Experiment 2. In addition

• H1d: Senders will target sending questions more under variable-rate
pricing than under fixed-rate pricing. That is, they are more likely to
send a question to a relevant expert.
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• H1e: Senders will send advertising messages to more recipients per mes-
sage than they do for questions, and this difference will be greater under
variable-rate pricing compared to fixed-rate pricing.

• H1f: Senders will use the high-priority designation more for sending
questions than for advertisements, and answers and this difference will
be greater under variable-rate pricing compared to fixed-rate pricing.

Attentional Behaviors

H2a, H2b, H2c, and H2d are also applicable to Experiment 2. In addition

• H2e: Recipients are more likely to read advertising messages with
fixed-rate than with variable-rate pricing.

• H2f: Recipients are less likely to open and read advertising messages
than nonadvertising messages.

The overall efficiency hypotheses H3a and H3b should also apply to Ex-
periment 2.

Results and Discussion

In Experiment 2, participants had targeting information available when ask-
ing questions but not when sending advertising messages. Participants used
high priority for 56% of the messages. Across all conditions, they spent $0.64
per round on postage. Thirty-three percent of their messages were questions,
45% were answers, and 23% were advertisements. Recipients opened 55% of
all messages they received and replied to 45% of the questions.

Effects of Postage Regime on Message Sending

As in Experiment 1, costly communication influenced participants’ send-
ing behavior in economically sensible ways. Under the variable-rate postage,
participants sent fewer messages, addressed each message to fewer partici-
pants, and used high priority less often (see Figure 4).

In addition, as predicted, participants in the variable-rate postage condi-
tion were more likely to target their queries to the experts (see Figure 4).
Players sent most of their messages to multiple recipients and did so more for
advertisements (93%) than for questions (74%). To test H1d, that variable-rate
pricing along with targeting would reduce the number of recipients per mes-
sage, we examined the interaction between pricing regime and message type
on the percentage of players to whom they sent their messages. Players had
no targeting information when they sent advertisement but did for questions.
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Consistent with H1d, variable-rate postage inhibited sending to multiple re-
cipients most when senders could differentiate among recipients. We plot the
interaction in Figure 5, showing the percentage of potential recipients sent to
for advertising and questions under fixed-rate and variable-rate postage. The
significant interaction between message type and postage regime shows that
costly communication inhibited multiple addressees more for questions than
for advertising. Because no targeting information was available for advertise-
ments, the postage regime did not affect them as much.

We also tested the interaction of high-priority messaging with targeting. We
reasoned in Section 3 that when targeting information is available, users tend
to send high-priority messages as opposed to standard messages in the vari-
able-postage regime, to signal the value of their message to the recipient. Be-
cause targeting information was available only for questions and not for ad-
vertisements, we hypothesized that this use of pricing to signal quality would
occur primarily for questions. This hypothesis was confirmed. As shown in
Figure 6, variable-rate pricing caused players to send a lower percentage of
their messages with the high-priority label but this drop was steeper for adver-
tising, which allowed no targeting, than for questions, which did allow target-
ing; for the interaction, F(1, 5332) = 3.60, p = .06.
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Figure 4. Experiment 2: Effects of postage regime

Postage Regime

Dependent Variable Fixed Variable p

Sending behavior
Unique messages senta 13.6 9.8 .01
Recipients per messageb 3.6 3.0 .02
Percentage high-priority messageb 81 41 .001
Percentage questions matching

addressee’s expertiseb
32 45 .01

Attention behavior
Percentage messages readb 42 45 .99
Percentage questions replied tob 4 5 .60

Performance
Total Earningsa $2.07 $1.47 .01
Puzzle Completion Earningsa $1.61 $1.39 .02
Reward for helpa $.76 $.66 .47
Reward for advertisinga $.06 $.23 .19
Paid for postagea $.36 $.81 .001

Note. N = 7609 messages nested within 120 players nested within 24 experimental sessions.
aPlayer as the unit of analysis. bMessage as the unit of analysis.



Effects of Postage Regime on Attention

Players were more likely to read high-priority messages (59% of high-pri-
ority messages were read vs. 41% of standard-priority messages), highlighting
the importance of signaling. Although recipients read and replied to slightly
more of their messages in the variable-rate postage condition, neither effect
approached statistical significance (see Figure 4). As in Experiment 1 and con-
trary to expectations (H2b), variable-rate postage did not enhance the signal-
ing power of the high-priority option (for the pricing regime × high priority
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Figure 5. Percentage of all recipients addressed by message type and postage condition.

Figure 6. Percentage of high-priority messages by message type and postage condition.



interaction, p > .50). Neither did the variable-rate postage increase the likeli-
hood that players would reply to questions they received (for the pricing re-
gime × high priority interaction, p = .32).

Participants were 18% less likely to open advertising messages than those
containing questions or answers (p < .001). Because the messages carried no
subject lines, senders’ identity was their only cue to content. Recipients’ reluc-
tance to open advertising messages meant that they gradually learned to open
fewer messages from advertising-enabled players than from others.

Effects of Postage Regime on Economic Outcomes

In terms of outcomes, hypotheses H3a and H3b were disconfirmed. Partic-
ipants in variable-rate postage sessions earned reliably less than those in
fixed-rate sessions. They both earned less from completing the puzzles and
paid more for postage (see Figure 4).

Although we argued that the total welfare would increase under vari-
able-rate pricing when targeting was possible, we did not observe this result
here. There are two main reasons. First, targeting information was available
only for queries and not for advertisement and answers. Therefore, the in-
formation overload did not decrease sufficiently, even under variable-rate
pricing. Second, the high-priority messages were probably too costly rela-
tive to the expected benefit from a message. As a result, people sent too few
messages and too few high-priority messages in the variable-rate pricing
condition.

4. DISCUSSION

To summarize, this article examined the economics of pricing e-mail on
the behavior of e-mail senders and recipients and on the benefits they gained.
Under the current regime, with practically free e-mail, it is economically ra-
tional for individual advertisers and other bulk mailers to send their messages
to as large an audience as they can. The consequences of this “commons” ap-
proach to the Internet are, however, suboptimal for both advertisers and their
targets. Because recipients can only read, understand, and respond to a frac-
tion of the mail they receive, and because they can’t adequately distinguish
useful mail from the worthless without processing it to some degree, they
therefore waste time on messages that have no value for them and ignore
some of the messages that would have been valuable for both themselves and
the senders. Even under conditions where senders can easily distinguish be-
tween interested and uninterested consumers, it is still economically rational
to send messages to all possible consumers on the chance that some putatively
uninterested ones might still respond.
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Charging a fixed fee to send e-mail would not change this situation and
would not increase the benefits to either senders or recipients. Under a fixed
fee, some advertisers would stop sending mail altogether, but those who find
it profitable to send mail would still send it to all possible recipients. Some
proposals to curb spam are based on the premise that reducing the volume of
communication per se would make the recipients better off and ignore the
consumers’ loss from the failure to receive relevant messages. Economic
models predict that benefits to senders and recipients increase when senders
can distinguish the interested from the uninterested consumers and when
they incur a per recipient cost for sending messages. Under these conditions,
senders are motivated to send only to interested recipients, increasing their
own and the recipients’ benefits.

The article reports the results from two experiments testing these hypothe-
ses. The experiments examined the consequences of making electronic com-
munication more costly, by charging per recipient and by imposing a fee for
high-priority messages. In both experiments, variable-pricing schemes had
predicted consequences: fewer messages were sent, each message was sent to
fewer recipients, and the high-priority option was used less often. Experiment
2 examined the prediction that people would be least likely to spam (i.e., send
messages indiscriminately to all available recipients) when they had informa-
tion relevant for targeting potential recipients and when they incurred a vari-
able (per-recipient) cost for communication. This prediction was confirmed.
Senders were more likely to target their messages to relevant recipients under
variable-rate postage, when they had information to differentiate among the
recipients (i.e., for questions but not for advertisements).

Evidence is strong that the message-sending behavior influenced the fre-
quency of recipients’ reading and responding behavior. Players read a higher
proportion of messages when they had fewer to read and when the messages
were addressed to fewer recipients. In both experiments, they read and re-
sponded to more messages labeled high priority than standard priority. In
neither experiment, however, did players read or respond to a higher propor-
tion of messages under variable-rate pricing. In addition, in neither experi-
ment did the cost of high-priority messages change the signaling power of the
high-priority designation.

These changes made communications more efficient, reducing volume
and increasing relevance. We had expected that the variable pricing would
benefit both senders and recipients if senders could target messages. In Ex-
periment 2, where senders had information to differentiate among recipients,
senders indeed targeted more under variable-rate pricing. However, the net
benefits to senders and recipients declined because senders sent too few mes-
sages. We suspect that the overall social welfare did not increase under vari-
able-rate pricing because we chose parameters that made communication too
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expensive relative to the rewards associated with it and did not make message
recipients sufficiently differentiable. As a result, the costs associated with an
undersupply of valuable communication overwhelmed the benefits associ-
ated with more efficient, targeted communication.

Both sender and recipient should benefit from relevant communication.
Our economic argument is that both senders’ ability to target recipients and
the right pricing scheme are required for higher communication efficiency
and higher benefits to senders and recipients. Similarly, Zandt (2001) hypoth-
esized that the benefits from postage would depend on the diagnosticity of the
cues senders use to address their messages. Empirical studies that vary the
diagnosticity of the information, pricing, and expected value of a message are
needed to test this prediction further.

If further theoretical modeling and empirical research demonstrate the po-
tential of markets for attention, we must overcome a number of challenges be-
fore these ideas can be implemented in real-world systems. With the design of
an appropriate pricing scheme, both senders and recipients could benefit
from the pricing of e-mail. One hurdle in implementing such a vision is con-
vincing people to accept having to pay for what is currently a free service. In-
deed, GoodmailSystems, a company offering an e-mail stamps service, ad-
dresses this challenge directly in its “frequently-asked questions” list when it
states, “Isn’t it a fundamental principle of the Internet that e-mail should be
free?” (GoodmailSystems, 2004). This challenge is not insurmountable. The
transition from free to paid service has been accomplished in other domains,
including the shift from flat-rate pricing of telephone service to metered pric-
ing, the shift from free broadcast TV to fee-based cable and pay-per-view TV,
and the shift from tax-supported, free roads to usage-based toll roads. As
these examples indicate, people will pay for better service.

The pricing of e-mail need not hurt the use of e-mail by innocent nonspam
senders, especially those of insufficient means. Those who have approxi-
mately balanced incoming and outgoing message traffic will have approxi-
mately balanced payments and receipts, with little net cost. Communication
with acquaintances (e.g., people already in one’s address book) can easily by-
pass the pricing system. Loder et al. (2005) proposed a pricing model that
places the cost of a stamp in escrow, forcing senders to put a small amount of
their money at risk of forfeiture in case their messages are considered spam by
the recipients. Presumably, under such a system, recipients would return pay-
ment of the escrow for family, friends, and acquaintances with whom they
have personal communication and for firms with which they do legitimate
business. The Vanquish service (see http://www.vanquish.com/news.
shtml) implements a similar scheme in a peer-to-peer e-mail system. Such a
service protects nonspam senders from having to pay for e-mail.
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We noted in the introduction that the Daum Corporation started an Online
Stamping service to curb spam. The Online Stamp service became opera-
tional April 1, 2002. Figure 7 shows the daily volume of bulk e-mail sent to
Daum subscribers before and after the initiation of the online stamp service.
Bulk e-mail traffic in the 3 months following the introduction of the service
was 46% of the traffic in the prior 3 months. Company officials report that the
quality of commercial e-mail also changed following the introduction of the
Online Stamp service, to become more informative. Unfortunately, however,
the company collected no systematic data about whether the introduction of
the Online Stamp system changed the likelihood of e-mailers targeting partic-
ular subscribers or the likelihood of subscribers reading commercial e-mail or
responding to it. As a result, this service provides no evidence about whether
the reduction in bulk e-mail changed the benefits for either senders or recipi-
ents.

In the pricing scheme used in the experiments, senders paid a fee to send
messages on a per-recipient basis, with the postage going to a bank (the exper-
imenters). The Daum service uses a similar system. This is, however, only one
of many possible pricing alternatives. For example, the postage could go to re-
cipients of messages rather than to a bank, either on delivery or when read.
The latter pricing scheme would not only reduce the volume of messages and
improve targeting but might also induce recipients to read messages that
senders consider important. Loder et al. (2005) proposed this model. In this
sense, senders are directly buying the recipient’s time, much as some tele-
phone services reduce fees if a caller agrees to listen to advertisements or as
broadcast TV and radio stations provide news and entertainment in ex-
change for the consumer’s willingness to receive advertising messages. In ad-

220 KRAUT, SUNDER, TELANG, MORRIS

Figure 7. Daily bulk e-mail volume before and after the initiation of Daum’s Online
Stamp service.



dition, the information about the postage attached to the message could be
made available to the recipient before he or she decides whether to open the
message.

Although our economic arguments and experiments have treated postage
for e-mail as a monetary cost, money is not intrinsic to any of our proposals.
Others, for example, have examined cost functions based on the CPU pro-
cessing needed to solve a puzzle (e.g., Back, 2002; Dwork & Naor, 1993) or on
computer memory. We believe our analysis and empirical results would gen-
eralize to these cashless pricing mechanisms.

The pricing scheme we described in this article assumes usage-based pric-
ing that is constant for each recipient. It would be possible to elaborate this
model, so that the price charged varied with the value of the recipient’s time.
For example, Horvitz, Kadie, Paek, and Hovel (2003) and Hudson et al.
(2003) have developed algorithms to assess an individual’s interruptibility.
Postage could vary with a recipient’s interruptibility (Fahlman, 2002). This
type of pricing model would be especially relevant to computer chat, instant
messaging, telephone calls, and other synchronous communication, where
traditionally recipients accept communication when it arrives.

Regardless of the exact pricing mechanism, more research is needed to
identify appropriate cost functions so that they reduce the volume of commu-
nication and increase the targeting of messages without reducing communica-
tion to harmful levels.
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