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A methodology is proposed to aid in system design

and evaluation of on-line bibliographic search systems.

It uses multiple linear regression analysis to ascertain if

there is a relationship between measures of search out-

put (such as cost-effectiveness and cost) and input (such

as the characteristics of the search—number of descriptors

used, number of Boolean operators, charateristics of the

requestor, and characteristics of the searcher). Four

measures of cost-effectiveness and cost alone are pre-

sented and their values are calculated using empirical

data from the DIALOG system for a sample of searches.

From the sample data it is concluded that the cost-

effectiveness measures are not sensitive to input-variable

changes. In contrast, there is a good statistical relation

between the cost of an on-line search and the value of

the input variables.
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• Introduction

Operational on-line bibliographic search systems are
now in daily use and their volume of business appears to
be growing. However, the initial enchantment with such
systems is passing and users are beginning to take a
critical look at the relative advantages of manually search-
ing reference tools as compared with on-line searching
to obtain answers to queries. In order for librarians to
evaluate the relative advantages and disadvantages of an
on-line versus a manual search, it is helpful to develop
cost measures for on-line searching. In an earlier paper,
Cooper and DeWath (i) examined the cost of providing
an on-line search to a user. The present study extends
the cost analysis by developing statistical relationships
between measures of output of a search and input
variables to the search. For the purpose of this paper
output variables include the cost-effectiveness and the
cost of the search. Input variables encompass factors
such as the characteristics of the search itself (number
of index terms, Boolean operators, etc.), characteristics
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of the requestor (age, sex, occupation, education, etc.),
and characteristics of the searcher.

The capability of deriving relations between inputs
and outputs from the search process is particularly use-
ful for the librarian. Statistical relationships between
cost and various input variables, if established would
enable the search administrator to inform the requestor
of the estimated average cost of an on-line search based
on the search characteristics of the requestor's query.
If measures of cost-effectiveness were used as output
measures, the requestor could be given estimates of the
expected cost per citation retrieved and cost per rele-
vant citation retrieved, based again on the search
characteristics.

• Output Variables

Cost-effectiveness and cost are the output variables
that are examined in this study. Since cost-effectiveness
analysis is often confused with cost-benefit analysis, it
is worthwhile, at this point, distinguishing between
these two methods of evaluation.

Journal of the American Society for Information Science—May 1977 153



Cost-effectiveness analysis is a narrower concept than
that of cost-benefit analysis. The former technique
analyzes system performance by relating the cost of the
system to its performance/effectiveness (the terms per-
formance and effectiveness are used here synonymously).
The aim of a cost-effectiveness analysis is to determine
a system's optimal structure or its internal operating
characteristics. Cost-benefit analysis on the other hand
attempts to measure the worth of a system to society
as a whole. Examples of the use of cost-benefit analy-
sis would be analyzing the desirability of constructing
a hydroelectric dam or a mass-transit subway system.
In these situations there is more to the decision-making
process than deciding on the method of pouring con-
crete or selecting the style of transit vehicle. Factors
such as the potential recreational use of a river or
transportation routes through a city that would maxi-
mize the convenience for all socio-economic groups
must be taken into consideration.* The issue of
whether on-line bibliographic search systems are
beneficial to libraries and their users and to society in
general is a pertinent one. This paper, however, does
not purport to analyze the societal worth of on-line
search systems.

COST-EFFECTIVENESS ANALYSIS

There are two major mathematical forms of a cost-
effectiveness measure. The first form is constructed by
dividing the cost of the system by the selected measure
of performance, that is C/E, where C is the cost and E is
the measure of effectiveness. The alternative form is to
compute the difference between the two, i.e., C-E.
There are a number of advantages and disadvantages to
each form. The ratio measure gives an easily understood
proportion but it hides the magnititude of the values.
For example, if a system had a cost of $100 and an
effectiveness measure of 20 (on an appropriate scale) the
measure of cost effectiveness (i) would be the same as a
system which had a cost of $ 10 and an effectiveness of
2. The difference measure {C-E) requires compatability
in the units of cost and effectiveness used; if unlike units
are subtracted it is unclear what the final value repre-
sents.

MEASURES OF COST-EFFECTrVENESS FOR
ON-LINE SYSTEMS

There are a number of components that contribute to
the cost of an on-line search. They include the total

amount of time that the user is connected to an on-line
system, the particular data base used, the number of
citations that are printed, the complexity of the search
request, the equipment costs (terminal, telephone line
charges), and labor costs (staff time) to perform the
searching. These costs are detailed in {1). Four measures
of cost-effectiveness were examined in the course of this
study in order to determine whether they are applicable
for evaluating on-line search systems, given the data
currently available on such systems:

Measure 1. The first measure of cost-effectivess is the
cost of a search divided by the total number of biblio-
graphic citations retrieved. This is a gross measure of
the cost of the total output from a search. As a measure
of effectiveness this method is not completely adequate
since all citations retrieved are not useful to the user but
are included in the divisor. Its major advantage is that it
reflects search effort expended. For example, if the
searcher is selective in the citations retrieved and if this
selectivity process costs more (in terms of the cost vari-
ables above) than a quick-and-dirty search, the measure
would reflect this cost differential in that the selectivity
process would cost more per citation retrieved. However,
a broad search might produce more citations than a
selective search, which would raise the cost of printing,
and thus the total cost of the search.

Measure 2. A second suggested measure is the cost of
the search divided by the number of relevant citations
retrieved. Here relevance is defined as a value placed on
a document that reflects the opinion of the worth of the
document to the user in terms of the specific reason for
which the search was undertaken.* This measure reflects
the actual cost per relevant citation retrieved from the
on-line system.

Measure 3. An extension of the first two measures of
cost-effectiveness is cost divided by precision. First, the
ratio of the number of relevant documents that were re-
trieved by the system to the total number of documents
retrieved (the precision ratio) is calculated. The precision
value is divided into the cost of the search to arrive at a
cost-precision ratio. This cost-effectiveness ratio can be
thought of as a combined measure of performance with
cost because precision alone reflects the selectivity of
the system. One argument against the use of this
measure is that the precision ratio causes a loss of infor-
mation by hiding the magnitude of the values. The value
of the ratio for one relevant document out of two re-
trieved is the same as for 100 out of 200.

*The distinction between the two concepts is dealt with further
in (2) and appropriate references to the economic literature are
given.

*It is not the intention of this article to delve in any detail into
the issue of relevance. For an excellent review of the problem
see (3).
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Measure 4. Before presenting the fourth measure, it
is useful to summarize the previous measures in a simple
mathematical notation:

CE, = ^ (yv>o)

CE^ =3f (« > 0)

{n,N>Q)

where CE = the measure of cost effectiveness; TC= total
cost; A' = total number of citations retrieved; n = total
number of relevant citations retrieved {n < N); and P =
nIN (the precision ratio).

The fourth measure of cost-effectiveness is the differ-
ence between the cost per relevant citation retrieved and
the cost per citation retrieved and is given by the formula

CE. = TC__ TC_
n N

(«, A' > 0).

This is a combination of the first two measures and
has several desirable properties. It has a natural zero
value when the number of relevant and retrieved cita-
tions are the same. As the difference between the two
{n and N) increases, the measure increases in value. The
measure is also easily understandable in that it is simply
a difference between two common ratios. One problem,
however, is that the scale of values produced by the
measure can not be easily understood in the sense that
a scale of dollar values is understood or the weights of
individuals are understood. Presumably this comprehen-
sion could come with extended use.

To illustrate some of the characteristics of the
measure, a few examples are analyzed.

If 100 documents are retrieved and 50 are relevant
(assuming a $ 100 search cost), the measure has a value
of 1. ($100/50-$ 100/100). On the other hand (assum-
ing the same search cost) if ten documents are retrieved
and five are relevant (still half of them relevant as above)
the value is 10. The cost-effectiveness measure in this
case is 10 times larger than the previous case. When the
number of documents retrieved is large but the number
relevant is small, that is, a low precision ratio, the metric
produces a large value. There are two special cases which
can not be computed, and these occur when either the
number of documents retrieved or the number of rele-
vant documents retrieved are zero.

One potential measure of cost-effectiveness that was
not considered in this study was total cost divided by
the recall ratio (the number of relevant documents re-
trieved divided by the total number of relevant docu-
ments in the collection). There is no reasonable way to
measure the total number of relevant documents in a

large bibliographic file. For the sake of cost-effectiveness
analysis (and any other type of performance analysis)
the thought of measuring the number of relevant docu-
ments in a file should be abandoned.*

• Input Variables

It was hypothesized that some of the factors that in-
fluence the outcome of a search include the following:
(l)The type of request. A user may need information on
a topic that is inadequately indexed or inadequately
covered by existing data bases. (2) The characteristics of
the searcher. The searcher may or may not be qualified
to use the on-line system. The searcher may be thoroughly
familiar with a particular data base, its indexing and
structure, or have a limited knowledge of it. (3) The
demographic characteristics of both the requestor and
the searcher. These characteristics would include age,
sex, occupation, and education. (4) The search charac-
teristics variables (SCV) of the query as recorded by the
DIALOG system. The number of descriptors used,
number of select and combine commands, and number
of files searched are typical of this category.

The following variables, described in (1) to (4)
above, were used as input variables in the regression
equations: age, occupation, and educational level of the
requestor; the number of previous uses of on-line systems
by the requestor; the library at which the request was
placed; the data bases used for the search; and the search
characteristics variables (SCV) described in (4) above.
Data on the other variables listed in (1) to (4) above
were unobtainable.

• Input-Output Model

The methodology used to determine the relation be-
tween the input and output measures was to form a
multiple linear regression equation with an output mea-
sure as the dependent variable and the input variables as
the independent variables. The objective of this analysis
was to establish if a statistical relation existed between
the input variables which describe the process and the
measures of output. The general form of the relationship
tested was

where O^ was one of the output measures, Xi to X
were the input variables, and a and the b 's were con-
stants.

•This issue is treated at length by W.S. Cooper (4).
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It was assumed that the outcome of such an analysis
would indicate the extent to which the variations in each
of the output measures could be explained by the varia-
tions in the independent variables.

To implement the regression evaluation methodology
it was necessary to convert some of the nonratio scale
variables into dummy variables and then use these
dummy variables in the regression equation instead of
the nominal scale variables.* For example, the library at
which the search was performed is coded as a value rang-
ing from one through four representing one of the four
libraries. Each of the coded values was transformed into
a dummy variable for use in the regression equation.

• Experimental Design

One of the major aims of this study was to investigate
the relationship between measures of search output and
input. The data used to analyze this relationship came
from Project DIALIB a National Science Foundation
funded project to provide on-line search services to
public library users. The project is being conducted by
the Lockheed Palo Alto Research Laboratory and is
being evaluated by Applied Communication Research
(ACR) of Palo Altot Four public libraries in the San
Francisco Bay Area (Redwood City Public Library, San
Mateo County Library, Santa Clara County Library, and
San Jose Public Library) had computer terminals in-
stalled, beginning August 1974, and used these terminals
to search with the DIALOG system.

Evaluation of the project has consisted of four major
data gathering efforts. The first of these is a "search re-
quest" form. Each DIALOG user was asked to complete
this form. It requested information, for example, on the
user's occupation and education, as well as on the search
subject, the data base to be used (ERIC, NTIS, Chemical
Abstracts, etc.) and the reason for the search. The
hbrarian who performed the search recorded on the
form information on the data bases used, the availability
of the user during the search, and the number of cita-
tions printed.

The second source of data about the DIALOG-NSF
project has been the "search characteristics variables"
(SCV) which are recorded and stored by the DIALOG
system on completion of each search. These search char-
acteristics include information on the number of
different data bases used, the number of index terms

*See Ackoff (5) for a discussion of levels of measurement and
see (6) for the use of dummy variables in regression analysis.

'See (7) for an overall evaluation of the project.

and logical operations used, and the number of citations
printed for each search performed on the DIALOG
system.

After users received the computer print-out with the
results of their search request, a follow-up questionnaire
was sent to them by the evaluation group. This question-
naire asked the user to assess (1) how many of the cita-
tions printed were relevant, (2) the value of the search,
(3) whether the request was answered adequately, and
other questions including (4) information on the user's
previous experience with DIALOG or other on-line sys-
tems, and additional questions concerning user satisfac-
tion with the results of the search.

The final source of data about the DIALOG-NSF
experiment was a study (conducted during February,
March, and part of April 1975) to ascertain the cost to
the library of conducting each on-line search. That study
is reported in (7). Since the research described in this
paper was based upon these data, it is important to
reiterate from (7) several of the limitations of the cost
study. One is the self-reporting nature of the data.
Partipants recorded time spent on seach tasks rather
than being observed and measured by others. Conse-
quently, a possible bias is introduced depending on the
accuracy with which the searcher recorded their times.
A second limitation is the experimental nature of the
project. On-line searching of the DIALOG system was
provided at no cost to the public libraries through the
NSF grant. Thus the searchers were under little economic
pressure to perform effectively.

In order to conduct the cost-effectiveness analysis of
the system it was necessary to isolate out of the entire
set of searches a subset for which both cost data and the
other performance measures were available. This subset
served as the basis for calculating cost-effectiveness.

CHARACTERISTICS OF SAMPLE DATA

During the first phase of the DIALIB Project (June
1974-May 1975) searches were made available to the
public free of charge. In a subsequent phase (June 1975-
May 1976) users paid for their searches. It was during
the first phase that the data used for analysis in this
paper were gathered. A total of 1236 users requested
DIALOG searches during this nine-month period. The
1236 request generated 1919 DIALOG searches. Follow-
up questionnaires to evaluate the search were sent to
each individual who received results from the DIALOG
search. A total of 453 responses were obtained. A cost
study was undertaken during this time period and the
costs for 411 searches were calculated.

Computation of the four cost-effectiveness measures
described earlier required collation of (1) the cost data
for the search together with (2) the DIALOG search
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characteristics variables (SCV) and (3) the search evalua-
tion questionnaire. When this collation was performed,
there were 127 seai-ches available for which (1) cost,
(2) search characteristics, and (3) evaluation data were
available.

Comparison of the 127 records that comprise the
sample with the population is important in order to
ascertain any bias in the sample. Table 1 gives some of
the search characteristics variables (SCV) as recorded by
the DIALOG system. During the first phase of the
project, 1919 searches were completed and the mean
number of descriptors used for all searches was 17.5. In
the sample of 127 searches for which all three data ele-
ments were available, the mean number of descriptors
was 21.9. The major difference between the sample and
the population with respect to search characteristics is
in the number of citations printed off-line (55.9 for the
population and 79.6 for the sample).

The characteristics of all the users who answered the
evaluative questionnaire (A' = 453) were also compared
to the sample {n = 127). The median age of respondents
in the population was 28.3 years while in the sample the
age was 33.2. The occupations of respondents were
roughly similar. Twenty-six percent of both the sample
and population users were students while 16% of the
population and 19% of the sample were educators. Busi-
ness-related professional occupations accounted for 14%
and 16%, respectively, of the population and sample re-
spondents.

With respect to education level, there was also little
differences between the population and the sample.
Thirty-three percent of the sample and 30% of the
population were graduate students. The percentage of
those holding masters degrees was 27% for the sample
and 29% for the population while the percentage with
doctoral degrees was 14% for both groups. In general,
the education and occupation characteristics were
roughly similar.

Table 1. Search Characteristics for Population and Sample

Search Characteristics
Variables

Descriptors used
Combine commands
Select commands
File Changes
Citations printed off-line
Citations printed on-line

Mean Value
for All

Searches
(A'=1919)

17.5
6.1

14.2
1.2

55.9
14.3

Mean Value for
Searches for

Which Cost Data
are Available

(n=127)

21.9
7.5

17.3
1.5

79.6
16.1

Table 2. Frequency Distribution of Precision Ratio

Interval Number of Observations Percent Distribution

12.6
19.7
17.3
11.0
7.1
2.4
2.3
3.1
0.8
0.8
1.6

21.3

0.0
0.01-0.09
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

-0.19
-0.29
-0.39
-0.49
-0.59
-0.69
-0.79
-0.89
-0.99

16
25
22
14
9
3
3
4
1
1
2

27

• Experimental Results

DESCRIPTIVE EVALUATION OF COST-EFFECTIVENESS
MEASURES

The first part of the analysis was to characterize the
values of the output variables CE^-CE^ using simple de-
scriptive statistics. Table 2 presents a frequency distribu-
tion of the precision ratio. In total, 21.3% of all searches
resulted in all citations that were retrieved being relevant
to the user. On the other hand, for 12.6% of the searches
the precision ratio was zero. In 14 of the 16 cases for
which it was zero, there were no relevant citations re-
trieved. For the other two cases there were no citations
retrieved by the search. The mean precision ratio value
for all observations was 0.425 and the standard deviation
was 0.376 indicating a high degree of variability in the
data.

Table 3 gives measures of central tendencies for the
four measures of cost-effectiveness. The mean cost per
citation retrieved was found to be $1.02 for the sample.
Likewise, the mean cost per relevant citation retrieved
was found to be $4.12, four times the cost of each re-
trieved citation. In both cases, however, the standard
deviations are very large. Measure C£'4, the cost-differ-
ence measure, had a mean value of 3.13. Generally, the
best performance of a system would be characterized by
a value of zero for C£"4 (where all citations retrieved
were relevant). This value occurred in 21.3% of the
searches in the sample.*

*Note that this zero value is the same as a precision ratio value
of one. Table 2 shows the results to be the same, CE, = 0 and
P = 1 both occur in 21.3% of the cases.
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Table 3. Values of Cost-Effectiveness Measures

Cost-Effectiveness Standard
Symbol Measure Mean Deviation Median

CE,

CE,

CE,

Cost per citation
retrieved $1.02

Cost per relevant
citation retrieved $4.12

$1.59 $0.50

$4.81 $2.33

Cost precision $235.77 $396.84 $82.08

Cost difference $3.13 $4.35 $1.50

COST-EFFECTIVENESS AS AN OUTPUT MEASURE

Each of the four cost-effectiveness measures was
analyzed as output measures in a regression model which
used the variables above as input variables.

The results of the analysis show a very weak relation-
ship between the independent variables and each of the
four costTeffectiveness measures. For each of the regres-
sion equations, the multiple correlation coefficient never
reaches above 0.50 and drops as low as 0.38 for one of
the,cost-effectiveness measures. The coefficient of deter-
mination ranges from 0.14 to 0.24. Thus, somewhere be-
tween 14% and 24% of the variation in the dependent
variable is explained by the independent variables. There
are several possible explanations for these results. First,
the cost-effectiveness measures are unsatisfactory in their
sensitivity to changes in the values of the input variables.
Second, the independent variables used in the regression
analysis do not fully characterize the search process.
This latter argument is reasonable in that no variables
were available (and thus not included) on the (1) type
of request and (2) characteristics of searchers.

Another explanation for the lack of a strong statistical
relation between the cost-effectiveness measures and the
input variables is the adequacy of the cost-effectiveness
measures themselves. The measures are surrogates for
user satisfaction. Yet the cost-effectiveness measures do
not specifically encorporate a satisfaction variable-
except in the sense that the number of relevant citations
retrieved in a search reflects user satisfaction.

Assessments of the users perceived performance of
the system were available. An analysis was made to see
if there was any relationship between the perceived per-
formance and the value of the cost-effectiveness mea-
sures. Users responses as to search value were on a rating
scale which allowed users to say the search was of major,
considerable, minor, or of no value. Overall 53% of the
users in the sample said the search was of considerable
value, .while 26% considered it of major value and 18%
considered it of minor value.

Each of the four cost-effectiveness measures was
analyzed to see if there was a change in the magnititude
of the measure corresponding with a change to the user
in the value of the search. The cost per relevant docu-
ment retrieved (Cfj) averaged $4.12 (Table 3). When
broken down by the value of the search, the cost was
$2.09 when the search was of major value, $4.61 when it
was of considerable value and $5.76 when it was of
minor value. The cost difference ratio (CE4) also
exhibited variations in values when analyzed by the
value of the search to the user. For the three categories
(major, considerable, minor) the mean values were 1.51,
3.50, and 4.50, respectively. There was some ability of
measures CEi -cost per retrieved document-to differen-
tiate value, but almost none with C£"3-the cost preci-
sion ratio.* (The three values for CEi were $0.57,
$1.07 and $1.37, respectively). Given the data available,
the cost per relevant document (CE^) and the cost-
difference measure (CE4) were the most efficient at
detecting differences in the value of the search. It should
be borne in mind, however, that a search which was
judged to be of either major or considerable value could
have a lower ratio value as a result of a high degree of
specificity of the search query. Searches on topics on the
periphery of subject areas will probably take more time
and the results will be less decisive.!

COST AS A MEASURE OF OUTPUT

The multiple hnear regression analysis methodology
resulted in no clear indication that the four cost-effective-
ness measures were sensitive to input variable variations.
Part of the research undertaken in the course of this

•The ability of the cost-effectiveness measure to differentiate
search value differences was determined by performing a one-
way analysis of variance on each of the measures, using as a con-
trol variable the value of the search. The value of the F ratio
and the significance level of the F statistic for each of the mea-
sures is as follows: CE,, cost per document retrieved F= 2.14,
significance 0.099; Cff̂ , cost per relevant document retrieved
F = 4.56, significance 0.013; CE^, cost-precision ratio F= 0.91,
significance 0.40; CE,, cost-difference F = 3.56, significance
0.032.

tThe cost-effectiveness measures were also analyzed in relation to
the extent of the users experience with on-line search systems.
Users with previous experience with any on-line system (42%
of the sample) were compared on the basis of the cost-effec-
tiveness values. Only measure CE, -cost per document re-
trieved had any ability to differentiate between experienced
and non-experienced users. The value of CE^ for users with pre-
vious experience averaged $1.36 per retrieved document while
those without experience averaged $0.80 (F= 3.75, significance
0.055).
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study was to determine whether the results were invalid
because (1) cost-effectiveness measures themselves are
inappropriate as output variables for on-line searching or
(2) the ommission of key variables from the regression
equation affected the results. To clarify the situation, an
additional series of regression analyses were run.

The dependent variable chosen was the total cost of
the on-line search. This cost includes data base connect
charges, labor cost for performing the search and all
search-related tasks, and the cost of all bibliographic
citations printed out. [See (i) for details.]

The sample of searches used to perform the validation
was 313 observations, larger than the 127 used pre-
viously. The larger file resulted from the fact that data
from the search evaluation questionnaire did not have to
be included in order to conduct the regression analysis
with the cost of the search as the dependent variable.
With these data excluded, 186 more observations were
paired with the search cost observations.*

The results of the regression analysis using the search
characteristics variables (SCV) as independent variables
were as follows:

y, = 8.59 + 0.036X, + 0.12^, +0.73X3+0.33X, n=313

(6.85) (0.30) (13.88) (4.94) (4.55) R^=0.62

where î i = total search cost, Xi = number of select
commands, X2 = number of citations retrieved, ^3 =
number of combine commands, and X^ = number of de-
scriptors used; t statistics are given in parentheses below
each coefficient.

The equation shows that 62% of the variation in the
cost of the search can be explained by the variables Xi
to Xn. All of the t statistics for the variables are signifi-
cant at the 95% level except for the one associated
with Xi. The number of select commands used does not
materially explain any of the variation in the cost of a
search. When this variable is omitted from the regression
equation, the result remains the same.t

The equation can be interpreted to say that for every
citation retrieved, the cost of the search increases $0.12;
for every descriptor used the cost increases $0.33; and

*In reference to Table 1, the current sample of 313 observations
again corresponds quite closely with the population of 1919
observations. The mean number of descriptors per search in the
current sample is 21.4, the mean number of combine commands
is 7.3, select commands 16.7, and file changes 1.5. The total
number of citations retrieved is 70.2 which is exactly the same
as the total for the population.

tThe number of different data bases used in a search (as
measured by file changes) does not significantly explain search
cost variations.

for every combine command used the cost increases
$0.73. In addition, there is an average start up cost of
$8.59. This represents costs which are independent of
the search characteristics of the query.

Several other dummy variables were added to the
regression equation. They included a code representing
the library from which the search originated, the data
base used in the search, and the person performing the
search. In general, there was little improvement in the
explanatory power of the equation as a result of these
additions with the coefficient of determination (i?^)
moving from 0.62 to 0.68 and the multiple correlation
coefficient increasing from 0.79 to 0.83. A major part
of the variation in cost per search can be explained by
a few variables.

To extend further the evaluation of cost as an output
variable, an analysis of a second cost variable was under-
taken. This is the cost of the. time during which a person
is connected to the on-line system's data base. It is often
referred to as connect time and represents the cost paid
to the search service vendor for the use of the data
base. It does not include the cost paid to the vendor for
citations printed and mailed from the vendor to the user.
Of the five variables used to describe the search query
(citations retrieved, descriptors used, combine com-
mands, file changes, and select commands) two of them,
the number of descriptors used and number of combine
commands, explained 41% of the variation in the search
cost. When searchers, library, and data-base dummy vari-
ables were added to the equation, the coefficient of
variation increased to 52%.

From this analysis, it can be seen that by using cost
alone as a potential output measure, variations in system
performance can be explained by simple variables which
do not involve the personal value judgments that are
necessary for the cost-effectiveness measures to be devel-
oped.*

Cost analysis may also be useful as an indicator of
whether a search should be undertaken on-line.
Although our current knowledge about system perfor-
mance is relatively unsophisticated, presumably it will
be possible in the future to predict fairly accurately the
average cost of an on-line search given both the user's
characteristics and previous experience. In cases where
the cost factor is important to the user, cost analysis
may well serve as a de facto evaluative tool.

*It could be argued that measure Cff, (cost per document re-
trieved) is a measure independent of personal judgment. But
more than likely that is not the case since searchers judgment is
involved in selecting descriptors to be used and constructing the
logical query that is ultimately used to search for and retrieve
the document.
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• Summary and Conclusions

This paper examined the relationship between mea-
sures of output of an on-line search and input variables
that characterize the search. The output variables that
were examined were the cost-effectiveness and cost of a
search. Input variables included search characteristic
variables (such as the number of descriptors used and the
number of Boolean operators in the search), and char-
acteristics of the requestor and searcher.

Four cost-effectiveness output measures were used as
dependent variables in separate multiple linear regression
equations. The input variables served as the independent
variables in the equations. It was found that none of the
cost-effectiveness measures are particularly sensitive to
input variable variations.

A second analysis was conducted with the cost of an
on-line search as the dependent output variable. A very
large proportion of the variation in the dependent vari-
able could be explained by variations in the search char-
acteristics input variables (number of descriptors used,
number of logical operators, number of citations
printed, etc.). It was also found that the multiple corre-
lation between the dependent variable and the indepen-
dent variables was relatively large. When additional vari-
ables were added to the equation, such as the users age,
sex, education, and occupation, the explanatory power
of the equation increased.

Further research needs to be undertaken to determine
whether the use of an increased number of independent
input variables would increase the ability of the cost-
effectiveness measure to explain variations in the input
variables. Use of the simple variable cost, however, in the
regression equation is quite sensitive to variations in
values of the search input variables.

There appears to be considerable promise in pursuing
an input-output analysis of on-line searching. Such an
investigation is important for design purposes as well as
for evaluation and for customer information. Designers
of systems are interested in the input-output relations
because with this information they can determine what
the sensitive relations are in a system. For example, an
automobile designer may decide that a good measure
of output of an automobile is miles per gallon of gaso-
line consumed. If the designer can empirically establish
that one of the critical input variables that determines
miles per gallon is the car's weight, improved mileage can
be achieved by reduced weight.

Should statistically sound relations be found between
the variables, the equations could then be used to pre-

dict search cost and effectiveness for a requestor before
a search is made. Obviously there are pitfalls to such an
approach. Not all searches will fit the average, consider-
able data will be required to develop the relations, the
relations will change as the searchers and the users be-
come more sophisticated. Nevertheless, the possibility
of performance prediction and design improvements
through the use of such techniques is an attractive
possibility.
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