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1 Introduction

Electronic access to scholarly journals has become an important and com-
monly accepted tool for researchers. The user community has become more
familiar with the medium over time and has started to actively bid for alter-
native forms of access. Technological improvements in the communication
networks paired with the decreasing costs of hardware create greater incen-
tives for innovation. Consequently, although publishers and libraries face a
number of challenges, they also have promising new opportunities.! Publish-
ers are creating many new electronic-only journals on the Internet, while also
developing and deploying electronic access to literature traditionally distrib-
uted on paper. They are modifying traditional pricing schemes and content
bundles, and creating new schemes to take advantage of the characteristics
of digital duplication and distribution.

The University of Michigan has operated a field trial in electronic ac-
cess pricing and bundling called “Pricing Electronic Access to Knowledge”
(PEAK). We provided a host service consisting of roughly four and a half
years of content (January 1995 — August 1999) of all approximately 1200
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Elsevier Science scholarly journals. Participating institutions have had ac-
cess to this content for over 18 months. Michigan provided Internet-based
delivery to over 340,000 authorized users at twelve campuses and commercial
research facilities across the U.S. The full content of the 1200 journals was
received, catalogued and indexed, and later delivered in real time. At the end
of the project the database contained 849,371 articles, and of these 111,983
had been accessed at least once. Over $500,000 in electronic commerce was
transacted during the experiment.

We have elsewhere described the design and goals of the PEAK research
project (MacKie-Mason and Riveros, 1999). In MacKie-Mason, Riveros and
Gazzale (2000) we detailed the pricing schemes offered to institutions and
individual authorized users. We also reported and analyzed usage statistics,
and some data on the economic response of institutions and individuals to
the different price and access options.

Interested readers should consult MacKie-Mason, Riveros and Gazzale
(2000) for detail on the experiment and the usage data. In this paper we
focus on an important economic behavior question: how much does usage
respond to various differences in user cost? User cost includes both pecuniary
and non-pecuniary costs of access. Non-pecuniary costs include time and
inconvenience. We pay careful attention to the effect of both types of cost
on usage.

It is well known that the usage of information resources responds to the
monetary cost users bear. This has important implications for the funding of
access to scholarly literature. We find that even modest per article fees dras-
tically suppressed usage. Non-pecuniary costs are important for the design of
digital information access systems. We find that the number of screens users
must navigate, and the amount of external information they must recall and
provide (such as authorization codes), has a substantial impact on usage.
These non-pecuniary costs also are important for pricing and the funding of
digital library collections: the higher the non-pecuniary costs, the less users
will be willing to pay for access.

An interesting aspect of the PEAK project, and one that is applicable to a
wide variety of economic problems, is the two-layered decision problem on the
consumer side. At the first level, institutions make access product purchasing
decisions. Take for example the decision to buy electronic subscriptions or
buy articles. If it is decided that subscriptions should be purchased, the
institution must then decide how many subscriptions to purchase as well
as which ones. These decisions then have a potentially large effect on the



costs that users face to access electronic journal articles, whether it be the
requirement that users obtain and use a password or pay a monetary cost.

Different users are going to have different valuations for electronic ac-
cess to journal articles. Furthermore, even the same user will not value all
requested articles the same. Standard economic theory tells us that a user
will access that article if the marginal benefit that the user obtains from
the article (i.e. the value) is greater than the marginal cost. Information
regarding the users “price” elasticity is thus of import to the institutional
decision-maker in attempting to maximize user welfare subject to a budget
constraint that is increasingly binding. It is therefore vital that institutions
have as much information as possible about the degree to which increased
marginal costs decrease the demand for electronic access. Similarly, demand
elasticity information is vital to firms firms designing pricing schemes as sys-
tem design decisions will affect nonpecuniary costs faced by the users, and
thus overall demand for access.

Our analysis of the PEAK data sheds some light on on users’ elasticity of
demand. We find that the imposition of non-pecuniary user costs, such )as
password use and the need for take action to have monetary costs subsidized,
causes a severe reduction in the demand for electronic access to journal ar-
ticles. Further, we find some preliminary evidence that users are more likely
to bear these costs when they are expected. Further analysis on this is war-
ranted. We estimate the amount of demand that is choked-off with successive
increases in the marginal cost of access. Finally, we adjust our estimate of an
institutions “optimal” (i.e. lowest cost) bundle to account for the fact that
the imposition of user costs for access biases actual demand towards lower
cost access.

2 Access Models Offered

Participants in the PEAK experiment were offered packages containing two
or more of the following three access products:

1. Traditional Subscription: Unlimited access to the material available in
the corresponding print journal.

2. Generalized Subscription: Unlimited access to any 120 articles from
the entire database of priced content, typically the two most current



years. Articles are selected for this user-defined subscription on de-
mand, after they are published, as users request articles that are not
otherwise already paid for, until the subscription is exhausted.? Arti-
cles selected for institutional generalized subscriptions may be accessed
by all authorized users at that institution.

3. Per Article: Unlimited access for a single individual to a specific article.
If an article is not available in a subscribed journal, nor in a generalized
subscription, nor are there unused generalized subscription tokens, then
an individual may purchase access to the article for personal use.

The per article and generalized subscription options allow users to capture
value from the entire corpus of articles, without having to subscribe to all
of the journal titles. Once the content is created and added to the server
database, the incremental cost of delivery is approximately zero. Therefore,
to create maximal value from the content, it is important that as many users
as possible have access. The design of the price and bundling schemes affect
both how much value is delivered from the content (the number of readers),
and how that value is shared between the users and the publisher.

Generalized subscriptions may be thought of as a way to pre-pay (at a
discount) for interlibrary loan requests. One advantage of generalized sub-
scription purchases for both libraries and individuals is that the “tokens” cost
substantially less per article than the per-article license price. By predicting
in advance how many tokens will be used (and thus bearing some risk), the
library can essentially pre-pay for interlibrary loans at a reduced rate. There
is an additional benefit: unlike an interlibrary loan, all users within the com-
munity have ongoing unlimited access to the articles that were obtained with
generalized subscription tokens. One advantage to a publisher is that they
represent a committed flow of revenue at the beginning of each year, and
thus shift some of the risk for usage (and revenue) variation on to the users.
Another is that they open up access to the entire body of content to all users,
and by thus increasing user value from the content, provide an opportunity
to obtain greater returns from the publication of that content.

Participating institutions in the experiment were assigned randomly to
one of three different experimental treatments, which we labeled as the Red,

2120 is the approximate average number of articles in a traditional printed journal for
a given year. We refer to this bundle of options to access articles as a set of tokens, with
one token used up for each article added to the generalized subscription during the year.



| Institution ID | Model | Traditional | Generalized | Per Article |

5,6,7,8 Green X X
9, 3, 10, 11, 12 Red X X X
13, 14, 15 Blue X X

Table 1: Access Models

Green and Blue groups. Users in every group could purchase articles on a
per article basis; in the Green group they could also purchase institutional
generalized subscriptions; in the Blue Group they could purchase traditional
subscriptions; in the Red group they could purchase all three types of access.
Twelve institutions are participating in PEAK: large research universities,
medium and small colleges and professional schools, and corporate libraries.
Table 1 shows the distribution of access models and products offered to the
participating institutions.

3 Summary of User Costs

The PEAK experiment was designed to assess response to various pricing and
access schemes for digital collections. Since the content was traditional ref-
ereed scholarly literature, the experiment was designed in the context of the
larger environment and institutions that have developed for scholarly com-
munication. In particular, PEAK implemented access through traditional
intermediaries: research libraries at universities, colleges and industrial re-
search facilities. This environment had advantages and disadvantages.

For example, the role of intermediaries affected the design of the exper-
iment, and the research questions we could investigate. The striking fea-
ture of the library intermediation system is that there is a two-level decision
structure for purchased access. The responsible librarian first decides what
quantity and types of access the library will purchase on behalf of its users.
For example, when this option was offered, the library could purchase elec-
tronic traditional subscriptions to any subset of journal titles desired. After
the librarian selects a combination of access options, then individual users
can use the material made available by the library at no additional monetary
cost, or can directly purchase access to other material in the corpus.

When confronted with the PEAK access options and prices, nearly all
of the participating libraries purchased substantial access on behalf of their



users. One consequence of these institution-level choices is that there was
little incentive for most individuals to purchase additional access. Therefore,
although we measured over 200,000 unique individual uses of the system, we
observe relatively few individual decisions to pay for access not previously
purchased by the libraries. As a consequence, it is important that we try to
learn from user response to non-pecuniary as well as pecuniary costs.

Users at participating institutions faced varying costs to access PEAK
content. These costs depended on the access products selected by the user’s
institution, as well as the type of content accessed and the level of user
authentication. The costs came in the form of both monetary fees and non-
pecuniary costs (transaction costs in the form of time and inconvenience).
We now describe the user costs faced for different types of access.

Substantial amounts of PEAK content were available at zero user cost,
merely by IP authentication (which is performed automatically). That is,
when a user requests some of this content, it is displayed if her workstation’s
IP address is from an authorized institution, with no additional efficiency
or hindrance to the user. Content available at zero user cost included all
articles published at least two calendar years prior, as well as all non-full-
length articles.®> In addition, articles in journals to which the institution
purchased an electronic Traditional Subscription were available at zero user
cost. Also in this category were articles which had been purchased by a prior
user who spent a Generalized Subscription token.

A second level of user cost could be realized to access content not in the
above category. This content could be accessed by spending a previously
unused Generalized Subscription token, if the institution had any available.
In this case, the user cost incurred was the transaction cost of entering the
user’s password. There would be no pecuniary cost to the user becuase the
tokens were pre-paid by the institution. The transactions cost of password
entry would have ranged from small to substantial. In the worst case, the
user had to navigate elsewhere in the system to fill out a form requesting a
password, and then wait to receive it. Once received, the user had to enter
the password to spend one of the institution’s unused tokens. If the user
already had a password, then the only cost to her is to find or otherwise
recall her password, and to enter it.

If the institution did not have any unused Generalized Subscription to-

3Thus all articles published in 1996 were available at zero user cost during 1998, as
were all articles published in 1996 and 1997 if requested by a user during 1999.



kens, then content not available at zero user cost could be accessed by pay-
ment of a $7 per-article fee. The user who wished to pay the per-article fee
would also bear two non-pecuniary costs: (1) password recall and entry, as
above for the use of a Generalized Subscription token, and (2) credit card
recall and entry.*

Institutions 13 and 14 were exceptions to many of these rules. At both,
per-article access for all requests was paid (invisibly to the user) by the
institution, so users never faced a pecuniary cost. At institution 14, a user
still faced the non-pecuniary cost of finding her password and entering it.
However, at institution 13, all users accessing from IP addresses associated
with this institution were considered password authenticated. Thus users at
institution 13 could access all PEAK content at zero total (pecuniary and
nonpecuniary) cost. We use these differences in user cost between these two
institutions and the others in the analysis below.

3.1 Effects of User Cost on Access

As noted above, costs required to access PEAK content depended on a vari-
ety of factors. One factor is the type of content requested (“metered” versus
“unmetered”). Looking only at metered content, the costs associated with
access depended in large part on the access products purchased by a user’s
institution. Further, even looking at costs faced by users associated with
the same institution, access costs depended not only on the specific products
selected by an institution (i.e. the specific journals to which an institution
holds a Traditional Subscription; the number of Generalized Tokens pur-
chased), but also on the actions of other users at the institution (whether a
token was previously used to purchase a requested article; how many tokens
are remaining). In the following sections, we estimate the effects of these
marginal costs on the quantity and composition of metered access.

3.1.1 Effects of User Cost on Access by Experimental Group

To test the impact of user cost on usage on aggregate institutional access,
we compared the access patterns of institutions in the Red group with those

4In the first eight months of the experiment users paid with a First Virtual VPIN
account, rather than with a credit card. Because a VPIN was an unfamiliar product, the
non-pecuniary cots were probably higher than for credit card usage, although formally the
user must undertake the same stopes to a credit card.



in the Blue group. Red institutions had both generalized and traditional
subscriptions available; Blue had only traditional. In particular, we looked
at the number of “paid” accesses to individual articles (paid by generalized
tokens or per article fee) per 100 unmetered accesses, normalized to account

for the number of traditional subscriptions.?
Institution | Group Normalized Paid Accesses
Per 100 Unmetered Accesses
3 Red 13.50
9 Red 20.36
10 Red 31.69
11 Red 7.59
12 Red 26.44
Avg. Red 15.14
13 Blue 50.97
14 Blue 15.06
15 Blue 4.72

Table 2: Normalized Paid Access per 100 Unmetered Accesses, by Institution

Table 2 presents our statistic for relative demand for paid access: calcu-
lated Normalized Paid Access per 100 Unmetered Accesses. One thing that
is clear that demand differed among institutions with the same access prod-
ucts even after controlling for the size of an institution’s subscription base.
This suggests that there are institution-specific attributes affecting demand
for paid access. It is also possible that our controlling for subscription size is
not complete. Users at an institution with a large Traditional Subscription
base, such as institution 3, have a lower expected marginal cost for access
than users at institutions with a smaller number of Traditional Subscriptions.
Thus the difference between expected marginal cost and actual marginal cost
may be important.

50ur statistic, which we shall refer to as Normalized Paid Access, is equal to
% - (Scale), where Apgiq is the total number of paid access, Afpee the total num-
ber of unmetered accesses, and Scale is equal total number of free accessess divided is the
total number of accesses to free content in journals to which the instittion does not have
a Tradtitional Subscription. We multiply by Scale due to the fact that the more that
accesses that are covered by Tradtional Subscriptions, the less likely a user is to require
paid access. To control for different overall usage intensity (due to different numbers of
active users, differences in the composition of users, differences in research orientation, dif-
ferences in user education about PEAK, etc.) we scaled by accesses to unmetered content.
We thus use unmetered accesses as a proxy for the number of user sessions, and therefore
our statistic is an measurement of paid accesses per session.



We can make some interesting comparisons between the Red group and
the institutions in the Blue group. While institution number 13, as a member
of the Blue group, only had traditional subscriptions and per article access
available, as noted above there are a few defining characteristics of its access.
In particular, per article access was entirely subsidized by the institution; this
subsidy was invisible to the user; and users at this institution did not need
to authenticate for any content. As these users did not need to authenticate,
they faced no marginal cost in accessing paid content, whereas most users
at Red institutions faced the cost of authenticating to spend a token.® We
would therefore expect a higher rate of paid access at institution 13, and this
is in fact the case.

Paid access at institution 14 was similarly subsidized by the institution.
However, in contrast to institution 13, authentication was required. As the
margianal cost of paid access for institution 14 is exactly the same as those
institutions in the Red group, we would therefore expect that their demand
for paid access would be similar. This is in fact the case. Finally, per article
access for users at institution 15 was not directly subsidized. Thus, users
faced very high marginal costs for paid content.” In addition to the $7.00
per article fee, users needed to authenticate with a password and enter their
credit card information. We would therefore expect the rate of paid access
to be lower than that of the Red group, as was the case.

Table 3 summarizes the results from the estimation of the effects of user
cost on access. We controlled for differences in the graduate students/faculty
ratio and percentage of users in Engineering, Science and Medicine. The
dependent variable, Paid Accesses per 100 Unmetered Accesses, controls for
learning and seasonality effects. We thus see the extent to which paid access,
starting from a baseline of access to paid content without marginal cost, falls
as we increase marginal costs. Imposition of a password requirement reduces
paid accesses by almost 60 accesses per 100 unmetered accesses, while the
depletion of tokens at these institutions results in a further reduction of

6Q0nly 28% of unmetered accesses from Red group users were password authenticated.
This suggests that a large majority of users attempting to access paid content would not
already be password authenticated. For these users, the need to password authenticate
would truly be a marginal cost.

"In addition to the user costs, if the institution does not reimburse individual purchases
of articles, users will also face a significant monetary cost. We do not have complete
information about the reimbursement process at institution 15, but we can assert that
their users had at least higher transaction costs than the other institutions in the sample.



No month Month
dummies dummies
Dependent variable is weekly normalized paid access per 100 free access
Constant 87.535* 108.615*
10.394 14.643
Blue: Credit Card (Inst. 15) -280.490* -270.879*
(37.627) (35.508)
Red + Inst.14 -58.999* -57.764*
(7.900) (7.186)
Out of Tokens -25.070* -25.665*
(1.635) (2.533)
Graduate Students/Faculty Ratio 43.821* 41.748*
(7.301) (6.912)
Percentage Engineering, Science and Medicine | -225.913* -215.767*
(7.535) (36.553)
Sample Size 530 530
R? 0.171 0..229

Standard errors are shown in parenthesis.
* Significant at the 99% level, ** Significant at the 95% level; *** Significant at the 90% level.

Table 3: Estimation Results on Effects of User Cost on Access

approximately 25 access.®

We gain further evidence of the extent to which the marginal costs associ-
ated with paid access throttles demand for metered access by looking at the
composition of free access. We calculated the ratio of free accesses to articles
inside the institutions Traditional Subscription base to those outside. We
would expect that, absent any additional user costs, this ratio would be the
same for metered content. Based on this ratio and the number of articles
accessed under an institution’s Traditional Subscriptions, we can predict the
number of paid accesses that would have occurred if there were no additional
marginal costs for paid access.

Table 4 presents actual paid access as a percentage of predicted for all
institutions that have Traditional Subscriptions in a given year. The only true
outlier is institution 10. We suspect that this might be partially due to the
fact that they had the fewest Traditional Subscriptions, thus users expected
to have to pay for metered content with password entry. As for institution
13, recall that users faced no marginal cost to access paid materials. We thus
expect their paid access to be close to predicted. For all other institutions we
generally see that the costs associated with paid access caused an appreciable

8 At certain of these institutions, the $7.00 was paid by the institution’s inter-library
loan department. In these cases, the additional marginal cost was not monetary, but
rather in terms of time and effort.
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