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A set of methods and results is oHered for characterizing
how people make decisions in the course of using com-
puterized databases. In general, thelr performance re-
sembles that revealed in studles of decision making In
other contexts. In particular, people are only moderately
sensitive to the likelihood of thelr succeeding, being
overconfident for all but the easiest of tasks. These re-
sults are discussed in the context of previous research
In information sclence and decision science, and with
regard to thelr implications for the design of databases
and the adaptation of users to them.

Using a database forces one to make a variety of deci-
sions under conditions of uncertainty. The first of these
decisions might be whether a particular database is the best
place to lock for some information, not knowing exactly
what it contains nor how readily it will yield its contents. A
second decision might concern which of several possible
search tactics to try. A third might concern which offering
in an entry-level menu or free-text lexicon provides the best
gamble for getting one closer to the goal. A fourth might be
whether to go it ‘alone or seek help. A fifth is whether to
accept the products of a search as containing or exhausting
the sought information.

Facing such choices, an idealized individual whp adhered
strictly to the tenets of decision theory would begin a sys-
tematic evaluation of the alternatives. s steps would in-
clude: (a) identifying the goals of the search, considering the
relative importance of its possible positive and negative out-
comes (e.g., getting the right information but being unsure
of it, spending resources in the search, getting some wrong
information but not realizing it}; (b) identifying all feasible
alternatives for achieving the desired outcomes; (c) assess-
ing the likelihood of receiving the different outcomes with
the different alternatives; (d) evaluating the options in terms
of their likely outcomes; (e) evaluating the decision-making
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process, considering the need for refinement and the trust
to place in its products. In principle, one could even use
the formal procedures of decision analysis for identifying
the best gamble among the options [1,2]. {Extensions of the
logic to information retrieval may be found in several other
studies) [3,4,5]. In practice, however, such procedures are
seldom used even by scientists or research administrators in
the course of their attempts to choose the studies that offer
the best expected information yield [6] Lay users of data-
bases may not even address all the stages in a compre-
hensive decision-making process {(a~e above), neglecting
perhaps to consider in any seriousness the consequences of
being wrong or any alternatives beyond the first one or two
that come to mind.

Thinking of database search as a decision-making pro-
cess may be particularly important when designing and
operating heterogeneous databases intended for diverse user
populations (c¢.g., Prestel, Dow-Jones News Retrieval).
However conscientious indexers might be, there is little
chance of making the location of all items clear to all users.
With a small database, individual users might try to reduce
the uncertainty about item location by learning the indexers’
frame of reference. However, as database size and diversity
increase, users might reconcile themselves to the presence
of uncertainty and concentrate on gambling well in their
choice of location. In such cases, facilitating those gambles
would be a vital feature of system design.

As part of a project examining intuitive decision-making
processes in information search, we have examined per-
formance in a number of simple, well-structured search
tasks [7,8,9]. Here, we move to more complex and less
structured search, using the computerized catalog of our
Jocal library. We offer a pumber of techniques and some
suggestive results regarding the extent to which people ap-
proach search as a decision-making process and the success
with which they do so. A particular focus is how people
assess the uncertainty surrounding their decisions. Having
realistic expectations is essential for knowing how hard to
work on a search, how soon to become frustrated if it is
unsuceessful, how carefully 1o scrutinize its products, and
how quickly to ask for help.
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Method

Subjects

Sixty subjects responded to advertisements placed along-
side the computer catalog terminals in the Eugene Public
Library, in a free entertainment newspaper distributed out-
side supermarkets, and in the University of Oregon student
newspaper. Each subject was offered eight dollars to take
part in a 90-minute experiment. All claimed to have held a
Eugene Public Library borrower’s card for at least a year
(mean = 6.5, median = 3) and to have used the computer-
ized catalog. They reported visiting the library 4.6 times per
month on average. There were 41 women and 19 men, with
a mean age of 30.3 years. Subjects reported a high leve] of
formal education, with 55 having gone beyond high school
and 30 currently in higher education. Thirty-one reported
working; a number were unemployed.

Marerials and Equipment

The Eugene Library online catalog is a Canadian system,
ULISYS, which was originally purchased for inventory con-
trol and circulation and later updated to include a public
access module. The catalog contains 253,000 entries listed
under Library of Congress subject headings, as well as under
Aauthor, Title, Author and Title, and Call Number. In addi-
tion to books, the catalog includes magazines, recordings,
and framed prints. The Eugene Public Library provided os
unrestricted daytime access to their vendor’s telephone line
Our experiments used a Leading Edge (Model D) computer
and Hayes Smartmodem 1200; together, they provided
response times like those experienced in the library.

The experiments took place in a well-lit and ventilated
office with subjects seated at the computer. The experi-
menter (Lyn Blackshaw) faced them for an initial interview,
while asking questions about their personal background, use
of the library, and expectations about the catalog. After this
attempt to establish rapport, the experimenter sat behind
subjects but in view of the computer screefi!®

A tape recorder was used as soon as the search began,
making about 70 hours of recording available for coding
subject responses. These were also recorded in writing dur-
ing the experiment by the interviewer. A clock with a sweep
second hand was placed in an unobtrusive place to avoid
time pressure.

Degsign

As they arrived, subjects were assigned in order to one of
four experimental groups which differed in the advice that
they received regarding how to exploit the system. One
group received a two-page abbreviated version of the advice
provided by the library itself; one group received a page of
advice culled from the suggestions of pretest subjects; one
group received a page of advice that we created, stressing
how to view the search as a decision-making process; the
control group received no advice,

All subjects participated in the same six-part experiment:
(1) introduction= a set of background questions asks sub-
Jects about themselves and about their library experiences.
(2) timed pretes: a set of three standardized test items (one
subject, one author, and one title) which subjects were to
find as best they could; it was designed to establish (we
hoped) the four groups’ equal initial ability levels and to
provide an opportunity to eliminate any problems that sub-
jects had with the mechanics of the system. (3) initial un-
structured search: in which subjects searched for three
items of their own choosing, in whatever way they chose,
while the experimenter recorded their responses. (4) semi-
structured search: in which subjects sought books of their
own choosing while under instruction to describe their
thought process concurrently, particularly with regard to
their perceived chances of success and search strategies.
(5) timed post-test: in which subjects sought three specified
items while being timed and encouraged to think aloud,
although without any specific instructions regarding
thoughts to emphasize. (6) abstract categories: an unrelated
task in which subjects attempted to identify the location of
11 items of information in the Statistical Abstract of the
United States; comparing responses here with those of
subjects who (in an earlier study) had completed this ques-
tionnaire alone allowed an assessment of the overall impact
of the present procedures,

Procedure

Four two-hour slots were scheduled on three days a week
between 8:00 a.m. and 5:00 p.m. Times for the four experi-
mental groups (three kinds of advice and one control) were
pre-allocated equally to the time slots in order to balance
slight variations in computer response time due to differ-
ences in concurrent terminal usage at the library. Subjects
telephoned our office to volunteer and were assigned to
times according to their convenience, so that no further
effort was made to balance sex or age. On entering, subjects
were told about the experiment, invited to ask questions,
and then requested to sign an informed consent form.

Introduction. The interviewer began with “a few
background questions” about the subject’s schooling, em-
ployment, experience with computers, and library usage.
Subjects then estimated various aspects of their personal
search behavior. The former questions included: (a} how
often they typically knew what books they wanted before
entering the library; (b) how likely they were to browse the
shelves; (c) how likely they were to use the hard-copy card
catalog; (d) how likely they were to use the computerized
catalog; (e} how they distributed their searches over those
three sources. Subjects were also asked some open-ended
questions regarding their search habits. The search expeni-
ence questions asked for estimates of the likelihood (in
percentage) that (a) they would find the books they want;
(b) that an entry they sought in the computerized catalog
would be in there; (c) that they would find that entry, as-
suming that it was there; (d) that they would be able to find
a book on the shelf, if they had found its cali number.
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Timed Pretest. Subjects then received “three items to
search for to help you familiarize yourself again with the
system.” The items included one author (Tennessee
Williams}), one title (Tender Is the Night), and one subject
itemn {(salmon fishing in the Northwest Pacific), in that
order. Minimal instruction was given regarding the location
of essential keys. Timing began as soon as the card was
received and ended when the search item came up on the
screen. Before beginning an item, subjects answered two
questions: “How confident are you, from 0 to 100, that
this is listed in the computer catalog?” and, after being
assured that it was listed, “How confident are you, from 0
to 100, that you will find this by yourself without any help
from me?"

After completing the first search, subjects were shown
how to type inquiries without returning to the initial entry-
level menu each time; this had been a major irritant in
experimental pretests. During the searches, the experi-
menter remained silent and transcribed the entries that sub-
jects typed. Afier the three timed searches, subjects were
given the opportunity to talk about their experience. Only
basic instruction in system mechanics was given in response
1o requests for help (e.g , do not type until the query prompt
appears, do not leave a space between the entry command
and the equals sign).

Experimental Manipulation. The control group re-
ceived no further advice. The expert group received two
pages of advice prepared by city library staff on the best
way to use the computer catalog. The subject group re-
ceived advice compiled from pretest subjects. The theory
group received written advice based on decision theory.
After reading the statement, subjects rated it on a 10-point
scale for understandability {(O==not at all understandable;
10=totally understandable)}. The advice statements appear
in Appendix A.

Unstructured Search. The experimenter then said:

1 am now going to ask you _____ (narne) to look for some
entries that arise out of your interests

This time 1 won't be answering any guestions or giving
any help; there'll be an opportunity to discuss eVerything
later.

Tell me exactly what you decide to look for, what alter-
natives you thought of, and how confident you are that
you'll be successful.

Talk aloud any concerns, questions, successes at each
step of your search. T'll be putting the tape recorder on.”
Each subject was also handed the following written in-
structions:

I'd like you to look, in any order you like, for:

* A book on a topic that interests you but that you haven't
searched for previously,

* A book by a particular writer who interests you.

* The title of a book you'd like to read.

Remember to talk aloud and tell me what you're doing and
thinking from the moment you read this.

As each subject searched, the researcher wrote down
verbatim what was spoken as well as describing nonverbal

behaviors (e.g., commands typed, browsing, choosing op-
tions on the computer, outcomes). The transcript of verbal
behavior was checked against the audio recording later.

After subjects completed the three searches to their own
satisfaction, the experimenter asked several follow-up ques-
tions. For each search goal, subjects estimated how con-
fident they had been, before starting, (a) “that it was listed
in the computer” and (b) that they “would be able to find it.”
They were then asked in an open-ended fashion about “any
further comments on your personal method of search”™ and
“any comments on the way that information was organized
or presented on the computer.” After rating the advice state-
ments (which they were encouraged to reread if appropriate}
on a 10-point usefulness scale (O=not at all useful;
10=extremely useful), they were asked to comment on the
statements and to provide any advice that they themselves
would give to “someone else searching for books in the
computerized catalog.”

Semi-Structured Search. In the next set of three
searches, subjects were asked to talk aloud all their
thoughts, to give confidence ratings and, when a search
strategy had failed, to describe their plan for what to do
next. No help or advice was given, with the few requests for
help being redirected to the subject: “What would you do?"

In order to motivate the semi-structured search, an effort
was made to find search goals of personal interest to the
searcher. For the first search, subjects were asked for
the name of a book that they had enjoyed reading from
the public library, and then asked to find “another book
on the same or a similar topic that you haven’t read before.”
For example, a person who described Barbara Deming's We
Cannot Live withouwt Our Lives chose to look for another
book on nonviolent activism. After identifying a topic, sub-
jects were asked where they were going to look and how
confident they were {a) that it was listed in the computer and
(b) that they would be able to find it without help from the
experimenter. The experimenter recorded verbal and non-
verbal behavior as before. If subjects became silent they
were invited to “talk aloud, tell me everything that goes
through your thoughts, it doesn’t matter how irrelevant you
might think it is; it might be very useful in our study.” If
subjects chose another entry option, then they were asked
again for their confidence level.

The second and third searches followed the same proce-
dure and were initiated as soon as a subject either claimed
success of gave up on the preceding search. The second
search goal was derived from the subject’s leisure interest.
They were asked to find a book they’d like to read on one
of those stated interests The third search goal was derived
from work, paid or nonpaid, that subjects reported doing or
thought they might enjoy. They were asked to find an author
that they had not heard of before who had written two or
mote books on one of those work interests.

Timed posttest. Three search goals were selected from
topics sought by pretest subjects. They were formulated so
that they could not be accessed directly under the subject
headings offered to participants Subjects were told that they
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would be timed in searching for topics that were not neces-
sarily listed in the catalog under that name Once again,
subjects were asked to “talk aloud™ ail their thoughts. Tim-
ing started when they received a card giving their goal and
ended when they abandoned or completed the search (in the
sense of identifying a book that they thought satisfied the
goal). The three goals were: 1) a book on snorkeling, 2) a
book about fatness, and 3) a book on cabinet making.

When the last search had been completed, subjects were
asked the same foliow-up gquestions as after the Unstructured
Search. Finally, they rated their confidence that “assuming
that a book is listed somewhere in the computer catalog, that
you will find it.”

To conclude the session, subjects who expressed an inter-
est were given feedback by the reseacher and some tips and
short cuts that would help them in their use of the computer
catalog when they next visited the Eugene Public Library.
They were then given the Abstract categories questionnaire
to complete in a self-paced manner in a separate room.

Abstract Categories. The questionnaire asked sub-
jects to determine the location of 11 items of information
(e.g., the mean annual temperature in Bismark, ND) among
seven categories (e.g., Economy, Foreign Affairs and Im-
migration) summarizing the 33 chapters of the Statistical
Abstract of the United States [10]. Both the contents of the
categories and the labels assigned to them were determined
by groups of lay subjects according to an involved procedure
described by the present anthors [8]. Subjects’ specific task
was, first, to choose the three most likely locations, in order
of likelihood and, then, to assign each the probability that it
would be correct (with the residual probability going to “All
Other Categories™). No feedback was provided regarding
the appropriateness of their choices (the researchers had
found that this plausibly potent manipulation, provision of
outcome feedback, had no effect on performance [9]).

Responses can be scored in terms of (what we have
called) their rransparency, the extent to which subjects can

see which items are included in a category, and their meta-
ransparency, the extent to which subjects can see how
transparent a set of categories is {and how successful they
will be in using it} As argued by several authors [7,8,9,
11,12], both properties are important for effective use of any
imperfect database.

Resuilts and Discussion

Subjects

Table | summarizes subjects’ reports regarding their
background and experience with the library. The means of
the groups show the kinds of individuals who participated in
this study and to whom its results can be most confidently
generalized. The differences among the means show the
extent to which our subject allocation procedure succeeded
in equating the individuals in the four experimental groups.
Although there were moderate differences among the groups
on some of the demographic variables, these were not asso-
ciated with any very large differences in their reported pat-
terns of locating library materials. Almost all browse, while
just over half use the card catalog at some times. (Having
used the computer catalog was a requirement for par-
ticipation.} The mean frequencies with which they report
relying on each of these three sources roughly parallel the
frequencies with which they report relying on each source
at all.

Expectations

Prior to engaging in any searches, subjects expressed
their expectations regarding the system in several different
ways. Such expectations might affect their willingness to
use a database at all, their satisfaction or frustration with the
progress of searches, their readiness to ask for help, or their
willingness to accept the results of a particular search as

. TABLE 1  Self descriptions of subjects

Advice Group
None
Measure {Control) Expert Subject Theory All

Mean age 16 3.8 295 282 303
Female (%) 800 733 533 66 7 68.3
Monthly Library Visits 52 4.1 47 43 4.6
Working (%) 60.0 33.3 60.0 $33 . 517
Library Card (Years) 50 6.2 82 . 64 6.5
Enter Library With Purpose (%) 6.4 857 10.6 66.1 73.2
Browse (%} 93.3 867 933 933 91.7
Use Card Catalog (%) 66.7 533 6.0 53.3 583
Use Computerized Catalog (%) 100.0 0o 1000 100.0 1000
Rely on (%)

Browsing 4] 4 254 346 35.6 M4

Card Catalog 270 i1e 240 200 259

Computerized Catalog kY. 493 437 49.2 449

"Mean percentape of reliance on each source among subjects who reported relying on

it at all
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definitive (e.g., is what they found what they want? If they
were unable to find anything, does that mean there is noth-
ing in there?)

As shown in Table 2, subjects thought that there was
about a 70% chance that a typical book that interested them
would be in the catalog and an 87% change that they would
be able to find it if it were there, making for a (conjoint)
probability of .61 (= .70 X .87) of finding a typical book
in the computer catalog. Thus, they had a relatively high
opinion of their own ability to use the catalog, but a less
sanguine perception of the catalog’s completeness (and, by
implication, of the library’s completeness, for those who
knew, or believed, that the catalog included the entire col-
lection). Additionally, only 77% expected to be able to find
a sought book on the shelves. Whether such expectations are
adeguate to motivate a computer search should depend upon
its importance, its costs, and its alternatives. (T: he similarity
of the means for the four groups indicates that they entered
the experiment with similar expectations in this respect.)

Subjects” expectations of being able to find individual
items varied considerably. In the pretest, they were most
confident in being able to find a book by a particular author
(Tennessee Williams), given that it was in the catalog, and
least confident in being able to find a book on a particular
topic (salmon fishing). As discussed below and found else-
where in studies of search performance [3,11,13], these
differing expectations for the different kinds of search may
have some justification.

One sign of subjects” ability to distinguish these two
probability judgments is the weak correlation (tau = .19)
between the mean judged probabilities of items being in the
catalog and of being found if they were there.

The final row of Table 2 shows a second estimate of the
likelihood of finding a typical item in the database, made at
the very end of the experimental session. It is directly com-
parable to the question in Row 3. In each group there was
a decrease in confidence, with the overall probability going
from .87 to .79. As reported below, these subjects experi-
enced an 85% success rate on the intervening tasks. As-
suming that subjects had an accurate perception of their
success rate [14] this decrease in confidence, despite per-
formance that approximately met subjects” expectations,
suggests that they either viewed these tasks as easier than
their typical task or felt somewhat lucky to have dome
so well.

Qutcomes

An obvious measure of search success is whether sub-
jects locate the item that they seek. It is, however, sometimes
less than ebvious whether they have met that criterion, par-
ticularly with topic searches where it may be arguable
whether a given book actually represents the sought cate-
gory [5,12,15]. As a result, we have distinguished clear-cut
successes from ambiguous ones (i.e., situations in which
subjects were satisfied that they had attained their goal, but

TABLE 2. Expectations (mean probability).

Advice Group

Confidence in: None

Expert Subject Theory All

General Questions

Finding book in library 58
Sought book being in
computer catalog” 2
Finding book if in catalog’ B7
Find book on shelf * 2
Pretest
Tennessee Wiliiams
in catalog 99
will find 95
Tender Is the Night
in catalog &5
will find 88
Salmon Fishing
in catalog 86
will find 82
Combined
in catalog %0
will find 88
Atend
Fird a book if in catalog® 76

76 70 64 67
13 73 61 0
87 87 86 87
T4 B8 1% 77
21 96 97 96
o1 94 95 935
83 82 79 82
88 90 97 81
87 87 79 85
78 80 82 g1
87 88 85 88
B6 88 93 89
84 8] 16 7%

*¥(3,56) = 109, p = 0.36
*F(3,56) = 003, p = 099
°F(3,56) = 1.07,p = 037
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TABLE 3 Search outcomes (2}l groups; %)

Outcome
Task Success  Ambiguous  Satisfied Gave Up

Pretest

Tennessee Williams (AU) 97 - 97 3

Tender I's the Night (T1} 100 e 100 e

Salmon Fishing {8U) 88 o 88 12
Unstructured Search

Author (AU} 87 2 8G i1

Title (T1) 85 2 87 13

Subject (SU) 62 13 75 25
Sermi Structured

Enjoyed (SU) 75 8 83 17

Leisure (811 76 9 85 15

Work (SU) 53 — 53 47
Posttest

Snorkeling {(SU) 67 15 B2 18

Fatness (SU) 85 2 87 13

Cabinet Making (SU)) 75 20 95 5
All Tasks

Author 92 1 93 7

Title 93 1 94 6

Subject 73 9 &1 19

Combined 79 [ 85 15

“Abbreviations refer to kind of search: AU = author; T1 = title; SU = subject.

we were not}). Thus, in Table 3, the percentage of cases
in which subjects were satisfied includes both clear-cut
“successes” and “ambigucus” ones.

Subjects had little trouble with the author and title tasks
in either the pretest or the unstructured search. In the latter
case, most difficulties came from uncertainty about sub-
Jjects” own goals (e.g., for “the title of a book you'd like to
read”), rather than from difficulty with the system. As
shown in the bottom section of the table, subjects found
their author and title goals in over 90% of cases, and seldom
did so in a way that caused us to think thdt they might have
been too easily satisfied.

Topic searches were a different matter. With the well-
defined pretest and postiest topics, subjects gave up in 12%
of cases, apparently reflecting the difficuity of finding the
synonyms under which these items were located. An addi-
tional sign of this difficulty is the relatively high rate of
ambiguous successes, particularly for “snorkeling” and
“cabinet making,” where subjects may have been uncertain
about the meaning and appropriateness of related terms
given the relative unfamiliarity of the focal topics. There
were fewer such ambiguous successes in the four cases (in
the unstructured and semi-structured searches) where sub-
jects defined their own goals. On the other hand, subjects
gave up in 26% of those cases (compared with the 12%
where we set the goal). Apparently, defining one’s own goal
adds an additional element of difficulty, even if it is some-
what more motivating. Nonetheless, these are considerably

higher rates of success than have been observed in other
studies of nonexpert subjects’ search behavior [11,13,16,
17,18]. In part, it seems due to our using a laxer criterion;
asking whether casual readers can use the system to find
something vseful on a topic, compared with other investi-
gators’ focus on scholarly users’ ability to find the most
relevant material on their topic [19]. On the other hand, the
greater education, subject matter expertise, and perhaps
motivation of those subjects might have been expected to
produce superior performance there.

One distinctive feature of the current experiment is that
in the pre~ and posttests subjects were timed, although not in
a particularly obtrusive fashion. That feature does not seem
to have created a tendency o give up (e.g., by accentuating
feelings of failure) or to settle for ambiguous successes (i.e.,
prompting a speed-accuracy tradeoff). Table 4 shows the
amount of time invested by subjects (in seconds). They
worked relatively hard, averaging two minutes on the pretest
and four minutes on the posttest, before expressing satis-
faction or giving up. In each case, mean search time was
larger than the median, indicating a distribution of search
times that was skewed somewhat by a number of subjects
willing to work quite a long time, relative to others. The
right-hand column of the table shows the results of analysis
of variance tests for the difference in search times for sub-
jects in the different conditions (the skew in the distributions
did not seem Jarge enough to violate badly the assumption
of normality underlying these inferential statistics). In only
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TABLE 4. Search times (mean seconds; median in parenthieses).

Advice Group

Nope  Expert  Subject  Theory All P

Pretest

Tennessee Williams 106 195 122 109 134 002
( 95) (165) { 85) { 95) ( 95)

Tender Is the Night 57 52 65 62 59 076
( 50) ( 50} { 50 ( 60} ( 50

Salmon Fishing i 205 132 187 178 0.22
(175) (210} (115) {180} (145)

Combined 114 152 106 123 122 012

Postiest

Snorkeling 333 7 21 286 269 028
{210} (205) (155} (265) {208)

Fatness 156 295 241 197 222 0.09
(140) (3209 {160} {150} (165}

Cabinet Making 232 201 196 256 221 066
(200) {120y (140 {290} (178)

Combined 240 248 249 246 238 08l

one case (the first), did the difference reach customary sig-
nificance levels. Insofar as that pattern was not repeated
with any consistency elsewhere, it provides only a weak
suggestion that subjects receiving the “expert” advice per-
formed more poorly. This weak suggestion received slight
additional support in Table 5, which shows a slightly lower
overall success rate for this group in the pretest, meaning
that they worked longer and had less to show for it. On the
other hand, in the posttest this group had the highest success
rate, despite working an equivalent amount of time. All in
all, these results seem to provide further evidence of the
similarity of these conditions, within the limits of statistical
variability.

Realism of Expeciations

In addition to success rates, Table 5 provides a measure
of how well subjects appraised their ability to use the system
in the pretest. Called overfunderconfidence, it is the signed
difference between subjects’ mean estimate of their proba-
bility of success and the proportion of successful searches
(the expectations themselves appear in Table 2). A positive
difference shows subjects to be correct less often than they
would have expected. The preponderance of negative signs
indicates widespread underconfidence. For example, sub-
jects receiving no advice were 100% successfui in seeking
the first pretest item, but only 95% confident on the average,

TABLE 5 Performance on timed searches (%)
Advice Group
- None Expert Subject Theory All
Pretest
Tennessee Wikliams
SUCCESS 100 93 93 93 97
overfunderconfidence -5 -2 1 6 -2
Tender Is the Night
SUCCEss 100 100 140 100 100
overfunderconfidence —1i2 —12 -0 -3 -
Salmon Fishing
SHCCESS 93 13 93 93 B8
overfunderconfidence ~11 5 ~13 -11 -9
Combined
SUCCESS 98 89 96 98 95
over/underconfidence =10 -3 -8 -5 -6
Postiest
(success alone)
Snorkeling 73 100 80 73 82
Fatmess 87 93 BO 87 87
Cabinet Making 93 100 87 100 95
Combined 84 98 82 g7 88
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representing slight {i.e., 5%) underconfidence. Subjects
were underconfident in 10 of the 12 comparisons in the table
and by 6% overall

Although the differences in success rates were not large
across groups, there was still a positive correlation between
success rate and confidence (tau = .46 ignoring ties, .29
considering ties). These results repeat a pattern observed
elsewhere, in which confidence increases with performance
but the correlation is imperfect [20] and the overall tendency
is toward overconfidence with all but the easiest tasks,
where underconfidence is observed. In this light, the present
searches were quite easy for subjects both in an absolute

sense and relative to their overall expectations of success in
locating books (Table 2; top). Subjects realized that the
present items were relatively easy, but not by how much.

The small differences in over/underconfidence among
the groups seem better attributed to differences in their suc-
cess rates, rather than to any differences in how they assess-
ed the extent of their abilities. We hoped that the “theory”
advice, which emphasized comparing the viability of com-
peting alternatives, would have increased subjects’ realism
about their chances. By these measures, at least, it did not.

Table 6, which breaks down confidence and realism for
the semi-structured search, shows a different pattern. Two

TABLE 6. Confidence and realism in semi-structured search.

Advice Group

Topic None Expent Subject Theory All
Another book on an enjoyed 1opic
confidence in finding
first poal 63 % 73 53 67
all goals 62 70 66 44 61
success in matching
first entry 33 80 40 35 52
all entries 57 7 47 44 55
success in reaching goal®
with first entry 40 53 27 20 35
over/underconfidence® 25 26 46 13 32
Book on leisure topic
cornfidence in finding
first poal 80 85 78 5 80
all poals 70 83 74 71 75
success in matching
first entry 58 77 75 77 2
all entries 48 83 65 76 68
success in reaching goal
with first entry 50 46 50 46 48
over/underconfidence 30 39 28 33 32
‘Two books by same author on work topic
confidence in finding
first goal - 59 71 65 69 66
all goals e 58 64 62 61 61
suceess in matching
first entry 54 69 55 50 57
all entries 47 52 44 58 50
success in reaching goal
with first entry 54 15 27 7 26
over/underconfidence 5 36 38 62 40
All
confidence in finding
first goal 68 78 12 67 71
all goals 63 2 67 59 65
success in matching
first entry 55 75 57 54 a0
all eniries 51 65 52 59 58
success in reaching goal
with first entry 48 kL) 34 24 36
overfunderconfidence 20 39 38 43 35

*Searches are considered successful here if subjects were satisfied with their result Thus, “percentage success” includes both the clear-cut and

the ambiguous successes in Table 4.

YOver/underconfidence is computed as the signed difference between subjects’ confidence in finding a bock meeting their first goal and the

percentage of successes, as defined by subjects (see note a)
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measures of confidence are given. The first refers to sub-
jects' confidence that they will find a book on the topic
under the first entry that they chose, considering both the
possibility that the systern will not include a book on their
topic and the possibility that they will not be able to find it.
The second estimate includes confidence ratings for any
subsequent entries that subjects produced in the course of
their search. In each case, confidence in all entries was less
than confidence in the initial entry, indicating that changing
entries was perceived as a sign of trouble. Often, it involved
a broadening of the search goal which should, in principle,
increase the chances of finding something appropriate. Less
commonly, it involved a refinement of the goal, in .pa
which case there might have been a lower probability of
identifying a more suitable goal.

A necessary condition for succeeding with an entity is
that it be included in the Library of Congress lexicon that
underlies the database. Over all tasks, subjects found that
only 60% of their first entries and 58% of all their entries
were recognized These “matches” were considerably more
likely in the search for leisure topics than for the other
two topics, indicating a closer match there between the
mental representations of these users and of the indexers.
However, the low match rate meant that subjects’ chances of
finding the book (or books) they were looking for under
their first entry was less than their assessed probability of
finding it there. This discrepancy indicated a high degree of
overconfidence, which the realism scores showed to be sub-
stantial. Somchow, subjects’ experiences prior to the experi-
ment and on the preceding topic-search tasks had not shown
them how different the Library of Congress view of the
world was from their own.

Had subjects made but a single entry, their performance
would have been dismal (36% success overall}. However, in
the setting that we had created, most persisted. As shown in
Table 3, subjects eventually reached an outcome that satis-
fied them in 79% of cases in the three semi-structured tasks.
The lower success rates observed in previous studies (cited
above) may reflect, in part, lesser willingness or opportunity
to persist, We speculate that subjects’ lack of re¥lism, which
emerges as the recurrent disappointment of confident choi-
ces, may be a discouraging factor, which was somewhat
reduced here by the presence of an encouraging experi-
menter and by payment for a fixed time period.

As elsewhere, there was a weak overall relationship be-
tween confidence and success (tau = .25 ignoring ties, .23
including ties).

Summarizing across items, there were moderate differ-
ences among the experimental conditions in both confidence
and success. Moreovet, those differences went in somewhat
different directions. As a result, there were some appre-
ciable differences in the realism of the different groups, with
subjects receiving no advice having less confidence and
more success, resulting in reduced overconfidence. In the
absence of intergroup differences elsewhere, this seems like
a chance resuit.
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In the pretest searches, subjects’ confidence in their ability
was conditioned on each item being in the database (which
it always was). Here (and in the immediately preceding
unstructured search), the probability guestion was uncon-
ditional. Although subjects had no apparent difficulty
distinguishing the two question before, there is perhaps
some chance of subjects confusing the two guestions
here. If so, the confusion would have increased their re-
ported confidence and artifactually increased the observed
overconfidence. We do not believe this to be substantial
problem.

Retrospective Expeciations

In keeping with the effort to interfere as little as possible
with the unstructured searches, subjects were not asked to
give their expectations prior to these tasks. Rather, once the
three searches were over, subjects estimated how confident
they had been that an entry satisfying each goal was in the
catalog and that they would be able to find it. The means of
these estimates appear in Table 7, along with an overall
probability of success which is inferred by multiplying these
two probabilities. They are different from the comparable
estimates in Table 6 in two ways. They refer to the chance
of success on some attempt (not just the first one) and they
are provided after subjects learn whether they have suc-
ceeded or failed. The former difference in procedure should
increase estimates—if subjects’ estimates are internally
consistent. The latter difference should have no effect —if
subjects can reconstruct their presearch perspective. There
is, however, a good deal of evidence suggesting that, un-
beknownst to them, people have difficulty undoing the ef-
fects of knowing how things turned out. As a result, they
believe that they (and others) knew more in foresight than
was actually the case [21,22] In the present context, such
a “hindsight bias” would increase the probabilities assigned
to successful searches (because it is hard to see how they
could have gone wrong) and decrease the probability of
success attributed to unsuccessful ones. The aggregate ef-
fect should be to bring the estimated probability of success
closer to the actual probability of success.

Direct comparisons between the results in Tables 6 and 7
are inappropriate because different search goals were in-
volved. For example, the mean (inferred) probability of
finding an item at all in the unstructured searches was only
slightly larger than the mean overall probability of finding
an itemn on the first try in the semistructured search (.73 vs.
.71}, even though subjects frequently made several at-
tempts. That could be a sign of inconsistency or simply reflect
the greater difficuity of the unstructured search tasks.

Perhaps a safer comparison is between relationships
created within the two sets of data. For example, there was
again a weak positive cormrelation between knowledge and
confidence (tau = .28 ignoring ties, .26 considering ties).
However, whereas the mean absolute levels of confidence
and knowledge were very far apart in the semi-structured
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TABLE 7. Confidence and success in unstructured search.

Advice Group
Goal None Expert Subject Theory All
Topic of interest
Confidence in
entry being in catalog 82 83 82 69 9
finding it if there 89 89 04 88 90
success {inferred) 73 74 77 61 71
Success
with first entry a7 50 63 50 52
with any entry 93 50 38 67 74
in matching all entries 61 70 70 50 62
Over/underconfidence -20 24 —-11 -6 -3
Writer of interess
Confidence in
entry being in catalog 81 84 87 bi 85
finding it if there 96 50 93 97 94
success (inferred) 87 76 81 77 80
Success
with first entry 60 53 50 80 60
with any entry 87 65 70 80 5
in matching all entries 68 76 69 Fl "
Overfunderconfidence 0 11 1} -3 5
Title of a Book
Confidence in
entry being in catalog 83 84 2 71 78
finding it if there 96 90 86 85 89
success (inferred) 80 16 62 60 69
Success
with first entry 73 65 56 50 61
with any entry 81 65 81 65 73
in matching all entries 1 70 70 58 67
Over/underconfidence -1 il -1% -5 -4
All
Confidence in
entry being in catelog 85 B4 80 73 BO
finding it if there 94 %0 L 50 81
success (inferred) B0 76 73 66 73
Success
with first entry 61 56 56 59 58
with any entry, 87 60 79 70 4
in matching all ehtries 66 12 70 57 66
Overfunderconfidence -7 14 —-6 —4 -1

search, resulting in greater overconfidence (mean = .35),
there was no overall difference with the unstructured search
(mean = —.01). Subjects succeeded 74% of the time and
should have expected to succeed about 73% of the time (an
estimate obtained, as mentioned, by multiplying their mean
judged probability of the target being in the database by the
mean judged conditional probability of being able to find it
if it is there). Most of this reduction in overconfidence could
be due to the greater chance of success with the unstructured
problems (73% vs. 36%, where the former represents suc-
cess at all and the latter represents success with the first
entry). As noted earlier, the weak positive relationship be-
tween confidence and knowledge leads to a shift from over-
to underconfidence as ease increases. The crossover point
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could be in the 75% success range observed here, elimi-
nating any overall trend to overfunderconfidence. Hindsight
bias could have given an additional boost, pushing people
toward feeling that they would have expected roughly the
success that they experienced.

Overall, subjects were quite confident in the catalog’s
containing something related to their topic and in their abil-
ity to find it eventually if it were there. That confidence was
rewarded by a 58% success rate on the first entry {compared
with only 36% on the semi-structured searches that fol-
lowed). For those who persisted, the success rate increased
to 74%. That increase suggests that people can produce
additional useful terms, even though the terms that they tried
matched those in the system only 66% of the time. One
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“secret” to this success was that subjects changed goals in
10.4% of searches. Although these new goals were no more
likely to meet success than the goals that were maintained
throughout, the change may have released subjects from
searches having little chance of success. Depending upon
how one looks at them, these successes might be viewed as
a sort of failure.

As before, there were few consistent differences across
the groups in confidence or initial success. The group
receiving the expert advice did, however, show the Jeast
overall success (and least improvement with subsequent
choices), even though it was the most successful group in
terms of ability to produce entries that matched those in the
computers (unfortunately, those matching entries did not
contain useful material).

The overall realism of subjects’ expectations may have
conferred some resistance to frustration, one sign of which
was the rarity (two cases, to be exact) of subjects giving up
their search after providing a first entry that failed to match.
Subjects’ lack of overconfidence was due more to doubts
about the system (mean confidence = .80) than to doubts
about their ability to use it (mean confidence = .91). Al-
most everything sought was, in fact, in the database. Some
failures to find it were due to inability to think of the right
synonym, which is clearly a user-system interface failure.
Many others were due to more subject-centered errors, such
as misspelling, misplacing words in a title, and mismatching
authors and titles. Perhaps, however, it is easier to doubt the
system than oneself. It is not clear how long-term experi-
ence with a system would affect subjects’ ability to use it or
their perceptions of its adequacy (and the realism those
perceptions).

Evaluation of Advice

Subjects found all three instructions to be quite under-
standable (mean = 8.6 on 010 scale) and none to be par-
ticularly useful (mean = 3.8 on 0-10 scale). There were no
differences in understandability ratings (range of means =

8.5 to 8.7). Subjects found the statement produced from
other subjects’ recommendations to be the most useful (4.3)
and that from the library to be the least (3.1), although the
differences were not large.

Abstract Categories Task

Purpose. Subjects’ final task was to complete a ques-
tionnaire that had also been completed by subjects in an
earlier series of experitnents which differed from the present
one in a number of respects. lts participants were recruited
entirely through an advertisement in the University of Ore-
gon student newspaper, hence were somewhat younger than
the present subjects (mean age = 23 versus 30). Their
experiment was conducted in a group setting, rather than
individually, hence may have evoked somewhat less in-
volvement. They completed but one information search
task, rather than having first completed the present series of
computer—interactive tasks with its element of tutoring. If
the present intensive experience had some general effect on
subjects’ search strategies, then one might expect their per-
formance on this task to be superior. if observed, such an
effect might be atiributed, in part, to the motivating effect
of the individualized attention. As mentioned earlier, repli-
cation of that previous study in an individualized computer-
interactive setting found no difference in response patterns
[9]. An improvement might also be attributed to the greater
life experience of the present subjects. However, as de-
scribed below, the effects of greater knowledge should be
discernible on the basis of results from earlier studies.

Results. Table 8 presents a statistical summary of
present subjects’ performance, contrasting it with that for
the earlier group. The first three lines express the trans-
parency of the eategories {for these subjects) in three differ-
ent ways. “‘Conditional” refers to the proportion of subjects
choosing correctly on a round among those who had yet to
do so. “Cumulative” refers to the proportion of subjects who
had answered items correctly by the end of each round.
“Proportion correct” refers to the proportion correct among

TABLE 8 Performance statistics on Abstraer task

Library Group Original Group*
it 2nd 3rd ist 2nd 3rd

Transparency (proportion correct)

Conditional 584 526 333 604 647 500

Cumulative 584 797 858 604 844 905
Metatransparency

Proportion correct 584 220 071 604 256 078

Mean confidence 139 195 067 27 187 073

Overfupderconfidence 145 —.025 — 004 123 —.069 - 005

Calibration 035 012 004 042 008 006

Resolution 003 .007 001 006 002 000

n/responses 620 599 537 422 402 376

“Called the “elaborated subject partition™ group in Fischhoff, MacGregor, and Blackshaw (1986}
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all subjects, including those who had already chosen cor-
rectly (and would presumably not be making subsequent
selections, unless they were asked to make their selections
in advance—a strategy that produced better performance
than sequential selection {7,9].

From all three of these interrelated perspectives, the two
groups were fairly similar. After three choices, both groups
had answered correctly in about 90% of cases. The slightly
inferior performance of the library group may reflect either
reduced knowledge of the material in the Abstract or a lesser
tendency to share the perspective that guided the subjects
whose judgments shaped the categories and their labels.

Previous research has shown that differences in trans-
parency have a predictable effect on metatransparency [23].
Namely, in comparable tasks, subjects who are less success-
ful will tend to have a poorer feeling for the extent of their
own knowledge. However, the differences in transparency
here are too small for there to be much of an associated
metatransparency effect. As a result, any difference in meta-
transparency might best be attributed to subjects’ immedi-
ately preceding experience. In any case, there was not very
much. Subjects were similarly confident in their ability to
locate items, as indicated by their mean probabilities. If
subjects’ expectations were realistic, then, over a long run,
their proportion correct should equal their mean probability.
The positive difference indicates overconfidence in first
choices, which was similar in both groups. Confidence was
so high here that there was little probability “left” for the
remaining two choices, where subjects in both groups were
slightly underconfident.

“Calibration” and “resolution” are statistics used, among
other places, by the US National Weather Service to vali-
date probabilistic forecasts [24,25). The former is the mean
squared difference between each probability response
(e.g., .7, 1.0) and the associated proportion of correct
answers (weighted by the number of responses involved).
“Resolution” equals the variance in the proportions correct
associated with different probability responses. It reflects
people’s ability to discriminate different_levels of knowi-
edge. Calibration reflects people’s ability Yo assign appro-
priate (absolute) levels of confidence to those levels. {(Fuller
expositions of these statistics and examples of representative
values may be found in {23,26] ) The values here represent
average performance and, more important for present pur-
poses, are quite similar for the two groups. Thus, whatever
effect the present experience had on subjects did not extend
to their responses to this seemingly related task.

Protocol Analysis

Background. Summary statistics like those in Tables
2-7 provide one kind of information regarding subjects’
performance, showing the successes and expectations
emerging as the end result of all the complex cognitive
processes that are evoked by such search tasks. They can
enable one to predict how well users of a system will do on
future tasks, where they will experience frustration because

of unrealistically high expectations, and where they will
underutilize a system because of unrealistically low ones.
They can show where users need help and how that help
should affect them (e.g ., to Iower expectations, to sharpen
the evaluation of how much they know). Those statistics
are, however, less informative regarding how that help is to
be provided. Telling people about potential problems and
vrging them to do better is an obvious form of advice,
However, experience elsewhere suggests that information
about cognitive difficulties is unlikely to be helpful unless
accompanied by some relevant instruction in how to use
one’s mind more effectively [22,27].

Providing that kind of instruction requires some under-
standing of how people think without it and in what ways
they are capable of manipulating their thought processes.
Such understanding can be sought indirectly by inferring
performance that has been observed in different situations.
For example, overconfidence in the extent of one's knowl-
edge might be due to failure to scrutinize one’s favored
beliefs critically enough. Evidence affirming this hypothesis
may be found in the reduced overconfidence observed with
subjects who list explicitly reasons why favored answers
may be wrong [28].

An alternative to seeing how various manipulations affect
the product of thought processes is to atternpt to capture
those processes themselves. Various technigues exist for
measuring byproducts of those processes, such as eye move-
ments and physiological arousal levels [29,30]. An appeal-
ing alternative is to have subjects describe their own thought
processes. Such introspections have a long, troubled history
in psychology [31,32,33,34,35]. Current thinking seems to
afford them some credence, as long as they are collected
concurrently with the thinking (rather than retrospectively)
and are validated by some convergent operations.

Protocol Design. As a supplement te our summary
performance measures, we undertook a combination of hav-
ing subjects describe their thoughts and observing associ-
ated behavior. Because any behavior, whether explicitly
verbalized or simply observed, can be described in many
different ways, some theoretical basis is needed for in-
structing subjects regarding what to reveal and for coding
what emerges. Given our interest in decision-making pro-
cesses, we asked subjects in the semi-structured search tasks
to describe their goals, their favored alternatives, and their
confidence levels {in quantitative terms), as well as what-
ever else they chose to relate. A more fully structured search
could have requested other elements of a comprehensive
decision-making process, such as the full set of (seriously
considered) alternatives and the wtility (or disutility) of dif-
ferent search outcomes and operations (e.g., computer
costs, the value of time spent searching). Our experience in
preliminary tests suggested that any further structure would
have constituted an imposition that substantially changed
how subjects approached the task. Although that might be
an interesting manipulation, it would be a different enter-
prise than asking subjects to produce a somewhat ordered
version of their natural thought processes. The semi-
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structured search instructions seemed to achieve about the
right balance. Even the unstructured search was not entirely
free of pressure. The instructions suggested similar concerns
(although without requiring their description as directly) and
followed tasks that elicited both general and specific ex-
pectations. The gist of the instructions emphasized reporting
behavior and functional thoughts, rather than emotions. The
use of a timer in the pretest, however unobtrusive, was one
of many other contextual features that may have suggested
to subjects how to approach and describe their tasks.
Attempts to trace information-search processes with other
central theoretical concerns may be found in several reports
[11,17,18,32,33,36,37,38,39,40]. The procedures in these
studies emphasize topics such as the mental models that
database users and compilers have of a substantive domain
and stylistic differences in how users approach their task.

Coding Behavior. Two interrelated schemes, both
reflecting a decision-making perspective, were developed
for characterizing subjects’ observed behavior. The decision
process scheme attempts to describe behavior in terms of
the elements in 2 normative decision-making process (that
is, one following decision theory's dictates regarding how
decisions should be made). The action scheme attempts to
describe behavior as emerging from or serving such a
decision-making process. The decision process scheme is
meant to be general enough to be used with any information
search task. The action scheme is adapted to the particular
actions relevant to this database. Both schemes are still
under development

Table 9 shows the current version of the decision-making
process scheme. It distinguishes five kinds of behavior that
appear in most normative theories of decision making: iden-

TABLE 9 Coding scheme for decision-making processes in information retrieval

Stage

Expression

1 Goal

a) Searches for a goal without specifying any

b) States goal in own words

¢} Justifies the selection of that goal

d) Explicitly evaluates goal

e} Defines the goal in a different way

f} Chooses a different goal
£) Restates original goal
2 Determining option set

a) Searches for options without specifying any
b) Browses for options (by 1alk or behavior)

¢) Talks aloud options
d) Selects an option

e} Types an option on the computer
ype p P

f) Writes an option on paper
g) Justifies option chosen

k) Talks about options that are elsewhere

3 Evaluating options

a) Explicitly evaluates options (before or after sefecting them)

b) Explicitly rejects options
¢) Reconsiders options

d) Abandons seargh

e} Successful outcoifie

f) Person claims the outcome as successful although they have not reached the goal

4 Recognition of uncertainty
a) Mentions confidence level

i. Information is in the system

ii Hefshe is able to find &t

b} Comments on problems ercouniered

¢) Comments on amount of time taking or likely to take
d) Mentions own frustrationt or lack of motivation

) Refers 10 possible outcomes of own actions

) Refers to what might happen regardless of own actions
g) Comments on own lack of knowledge

h) Secks help
5. Evaluates exercise

a) Notices possible and actual mistakes

b) Fails to notice own mistakes

¢) Blames self {inability, mistakes or lack of motivation)

d) Blames system (software, hardware)

e) Indicates awareness of how to avoid problems
f) Indicates awareness of how to recover from mistakes and difficulties.

g) Evaluates own stratepy
k) Evaluates system
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tifying goals, determining an option set, evaluating options,
recognizing uncertainty, and evaluating the overall process.
Each is then operationalized in six to eight observable kinds
of behavior. In formulating these categories, we tried to be
sufficiently detailed to describe think-aloud verbal procto-
cols and nonverbal search behaviors, but broad enough to
ensure reliability among coders.

(1} Goal The seven codes under this heading include the
person’s search for a goal, any justification or evaluation of
that goal, definition of the goal, and choice of a new goal

{2} Determining option set. Coding covered looking for
options, talking, writing and typing options, selecting and
browsing options that arose or or off menu

(3) Evaluating options These six codes describe a per-
son’s evaluation of options prior to, during, and afier com-
pletion of & search

(4) Recognition of uncertainty. Under this category are
included expressions of confidence and the probability of
success, comments on time consumption and difficulties,
awareness of possible outcomes, and efforis to seek help

(5) Evaluates exercise. Eight codes were identified:

awareness or ignorance of mistakes, blame directed at self
or others, knowledge of how to avoid or to recover from
problems, and explicit evaluations of the person's search
strategy or of the system.

The left-hand side of Figure 1 shows the current version
of the action scheme. It orders actions by rough proximity
to the initiation and termination of the search. The top en-
tries are overt actions associated with goal setting, followed

la-z GOAL DPTIONS

li-n STATED GDAL
28-z SPOKEN OPTIONS
:
2i-n  ENTRY TYPED |

3 NOMATCH
48 DIFFERENT ENTRY

4p SAHME ENTRY

e = o w apm o m e

4c. SEEK HELP

44 NEW GOAL

T e e e m e = =

4g GIVE uP

5. SEE HEADINGS
6. SEE TITLES

7. CHOOSE TITLE
8. SEE BIBLIOGRAPHY OR LOCATION

9 SHCEESSFUL (S) OR
AMBIGUOUS (A) DUTCONE

mam
@7‘

by those actions involved in explicit consideration of options
(i-e., possible Iocations) and in the decision to pursue one
{in a system that requires options to be examined serially).
The next entry is the system’s response, either providing no
match to the entered option or offering a set of headings for
subjects’ consideration. In the former case, subjects can
choose among the options in Stage 4. Unlike the choice
among possible entries, this set of alternative actions is quite
heterogeneous, including even “offline” alternatives (e.g.,
seek help). I there is a match but at too high a level of
generality, then the system will show headings within the
chosen category within which titles may be sought. In this
system, only ten headings (or titles) can be shown at a time,
with an indication of how many others are available. Once
a title has been chosen, the system provides the choice of
bibliographic and location information, which can provide
additional cues to the book’s contents. The final stage is
termination of the search, with different possible degrees of
satisfaction, as judged by searcher or observer.

Data Analysis. FEach scheme can be used indepen-
dently 1o describe (a) the percentage of all search behaviors
that fall within the scheme and (with somewhat greater dif-
ficulty) their centrality to the information~retrieval process;
(b) the relative frequency of the different kinds of behavior
covered by each scheme; {(c} the sequencing of different
behaviors within the search process; (d) the relationship
between types of behavior and aspects of perfermance (e. g.,
confidence, success, realism, particular errors). In combina-
tion, the schemes can be used to describe the kinds of

s
1

FIG 1 Graphic representation of subject 11Es semistructured search for “anather book on a similar topic,” following the transcript in Table 10, Squares
indicate ovent actions by subject. Circles indicate actions by dntabase system  Actions are ordered from left to right from beginning of search
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deliberations that precede and follow different actions. All
of these questions can be asked conditional on various ex-
perimental manipulations.

Some of the questions that can be asked of these data in-
clude: (a) How extensive are subjects’ deliberations regard-
ing alternative search strategies? (b) Are more protracted
initial deliberations associated with better performance?
{c) If so, what instructions or task structuring will encourage
such deliberations? (d) Does devoting more time to clari-
fying search poals emhance the effectiveness of the time
spent on clarifying search alternatives? (e) How does such
clarification affect the probability of giving up after failure
to match an entry or after finding nothing suitable under it?
{f} Does publicly stating goals enhance or reduce search
success, flexibility and persistence? (g) Are public state-
ments of confidence (or other evidence of considering un-
certainty) associated with better performance? (h) Subjects
had more realistic expectations when they stated in advance
what they would try next if a favored option proved unsuc-
cessful [7]. Would this result be replicated in the present
context? If so, what insight can be provided into the source
of its effectiveness, particularly with regard to mechanisms
that might be invoked to improve searches? (e.g., is there
a greater tendency to consider sources of uncertainty? Is
there more refinement of goals?) (i) Does providing justi-
fications for choices (code 2g) improve performance (by
forcing commitment to a parnicular way of thinking)?
() Which sequences of events (or systems, or experimental
manipulations) increase the likelihood that subjects will at-
temnpt to evaluate their search experience, looking for some
general lessons to derive from it7 (k) What are the precur-
sors to attributing successes and failures to oneself and to
the system? How realistic do those attributions seem to an
outside observer?

One intent of each such question is o provide an accurate
descriptive account of decision making in online search.
‘Fhat account would facilitate predicting search behavior and
make some contribution to the general literature on decision
making, which has not looked extensively at this sort of
sequential, interdependent decision. A complerfisntary goal
is to belp subjects make better decisions (and searches)
through identifying problems and the natural thought pro-
cesses that can {(and must) be built upon to effect changes.

An Example. Table 10 and Figure 1 show the applica-
tion of these analytical schemes to one representative ex-
ample. In it, the eleventh subject in the group receiving
the expert advice conducts a semistructured search for a
book on a topic similar to one that she had enjoyed in the
past. The left-hand side of Table 10 records all observed
actions as expressions of the decision process scheme,
while its right-hand side codes them in terms of the action
scheme. Figure 1 provides a graphic representation of the
search in terms of the proximity of these actions to its
initiation or termination.

In it, the subject begins with what proves to be an un-
duly vague goal (a book about New York). Such generality
allows great confidence that there will be something on the

topic. However, the resulting list of headings is, on the one
hand, so extensive that the subject browses enly a portion
of it (30 headings) and, on the other hand, formulated in
terms that leave the subject unsatisfied with any of them.
As a result, the subject is left musing about options that
might be more adequate (2b~2d). When one is chosen, it is
mistyped. Apparently not realizing that the intended entry
has not actually been tried, the subject moves on to dif-
ferent topics (steps 14-16). The next entry is typed cor-
rectly. When it fails to match, the subject changes the topic,
rather than reformuiating it (steps 17-20}. This failure is
met by a reformulation, with the subject trying to guess at
the system’s semantics, rather than seeking a synonym
(steps 22-24). The next failure produces reversion to the
original actions (steps 25-36). Finally, a title of doubtful
usefulness is chosen.

Figures 2 and 3 present graphic representations of this
subject’s other two semi-structured searches. A full reading
reguires the accompanying decision-process protocol. How-
ever, these figures alone readily show qguite different pat-
terns. With “leisure™ (Figure 2), apparently a better defined
topic for this subject {(and for others), the subject is able to
mull goals without recourse to the system. A match is found
readily and the headings reviewed until an appropriate one
is found and a title located in it. The third search (Figure 3)
bepins similarly. However, the subject is unsatisfied with
the title and returns to the headings and eventually to the
superordinate entry. The title found this time proved more
adequate, but not before the bibliographic information was
examined as a double check.

As mentioned, we believe that characterizations like
Table 10 and Figures 1-3 can provide useful insights into
subjects’ decision-making behavior. They offer sufficient
detail to allow underlying processes to emerge, but in a suf-
ficiently standardized way to allow comparisons and statis-
tical summaries. Beyond coding the individual actions, it
may be possible to identify recurrent response patterns and
the conditions that prompt them. For example, Figure 1
might present elements that are common to situations where
people fail to clarify their goals in advance, or where a
technical mistake is misinterpreted as a substantive message
from the systemn about its internal organization.

General Discussion

The present results may be interpreted on several levels.
The summary performance statistics allow prediction of
systemn utilization by individuals resembling those in the
study. They show how likely users are to attain different
kinds of goals, how long successful and unsuccessful
searches are likely to take, and how such outcomes are
related to people's reliance on different library resources
{Table 1). Such estimates could provide precise design
specifications regarding issues such as the number of ter-
minals to provide, the effects of various changes in sys-
tem response time, and the value of maintaining a paratlel
card catalog.
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TABLE 10. Subject #11E's semi-structured search for a book on 2 similar topic.

As Coded
on Visual
Decision Behavior Model
1. States goal of search: a book on New York [}
2 Talks eloud an entry option: subject New York [2a}
3. Types su = New York City on the computer keyboard [2i}
4. Is 100% confident that it will be under that heading {100)
3. Browses first 10 headings in the catalog {5]
6 Browses second 10 headings in the catalog {5]
7. Reconsiders options and talks aloud another entry: New York
lifestyles [2b]
8. Browses a further 10 headings {5}
©. Talks aloud another oplion: night life in New York {2¢]
10 Selects enother entry option {4a]
11. Redefines entry option {2d}
12 Selects entry but mistypes §2ii}
13, Computer responds that there is no matching heading £3]
14. Reconsiders entry option f4a]
15. Types su = (entertainment) New York City f2iii}
16. Computer responds that there is no matching heading [31
17. Reconsiders entry option [4a}
18 Selects another entry option: night clubs [2e}
19. Types on the computer st = New York (night clubs) [2iv]
20 Is 50% confident that it will be under that heading [50]
21 Computer responds that there is no matching heading [3]
22 Reconsiders entry option f2v]
23 Types on computer su = New York City night clubs {2iv]
24. Computer responds that there is no matching heading {31
25 Reconsiders entry option fda}
26. Selects first entry option: New York City [2ar]
27. Types a shorter version of the first option: su = New York {2vi]
28, Browses the same first 10 headings call up after 2i [E)
29 Browses the next 10 headings 15}
30. Browses the next 10 headings 5]
31 Browses the next 10 headings {5}
32, Browses the next 10 headings 5]
33, Browses the next 10 headings {5]
34. Browses the next 10 headings {5}
33. Selects titles for the heading: music helt 6]
36. Selects one title: “They all sang” 7]
37. Stops searching, unsure whether it is the desired book but
choosing to look at it fA]

More general design guidance can be foynd in the identi-
fication of current system features that appéar to be prob-
lematic. The obscurity of the Library of Congress subject
classification used by this system would seem to be one. Its
cumbersomeness is evidenced by the seemingly low proba-
bility (58% in Table 6) of attempted entries even being
recognized by the system and the similar conditional proba-
bility of recognized entries producing titles that subjects
judged to satisfy even the somewhat modest criterion of
being on the target topic. The incidence of ambiguous suc-
cesses may indicate irnprecision in subjects’ thinking or the
lowering of standards in response to a recalcitrant systém (as
seems 10 have been the case in the example of Figure 1).

More general still is evidence of the thought processes
evoked as subjects decide what to look for, where to look,
and how far to trust what they have found. Although most
general, such evidence also provides a point of departure
for initiating more fundamental design changes. For ex-
ample, a focus here has been on the realism of subjects’

expectations regarding their search success. We found a
consistent modest positive correlation between predicted
and experienced success with a overall tendency toward
overconfidence except for the easiest tasks (and for the
reconstructed expectations of success on the unstructured
search). Although this pattern replicates that observed in
studies of confidence assessment conducted in other set-
tings, the relationship between confidence and knowledge
seerned particularly weak with the unstructured and semi-
structured searches here. Some of that lack of meta-
transparency seems due to lack of goal clarity and some to
particularly confusing properties of the choice options of-
fered by the present system. Subjects often seemed surprised
(and somewhat unnerved) by the discovery that their choices
were not even recognized and, when recognized, appeared
to have some alternative meaning to the system.

When user and system mismatch, one might try to
change either, capitalizing on whatever is known about the
thought processes involved. For exampie, we observed poor
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transparency and metatransparency with a predecessor to the
set of categories used in the present Abstract categories
task [7]. Having no access to users’ mental representations
of this domain (which are likely to be both diverse and
poorly articulated [41], we adopted several standard psycho-
metric techniques for asking potential users first to create
categories from the chapters of the Abstract and, then, to
produce labels for their creations. The result was a substan-
tial improvement in transparency (to the level seen in the
right-hand side of Table 8) which carried with it a corre-
sponding improvement in metatransparency (as would be
expected from the generally observed relationship between
these two aspects of performance).

With so large, diverse, and fixed a system as that of the
Library of Congress, the opportunities for such redesign are
limited. What might be changed is the face it presents to
users. Here, we attempted to augment the system with 1-2
pages of advice. The nature of the system forced this advice
to address general issues of system design and operation,
rather than the particulars of its contents. Subjects seemed
to appreciate the effort. However, they claimed that it was
of little use, an appraisal that was bomne out by the similar
performance of the four experimental groups. Conceivably,
better instructions, a larger set of subjects and tasks, or more
refined data analysis techniques would reveal more demon-
strable effects (Appendix B shows an interim report pre-
pared for the staff of the Eugene Public Library, based on
the data of this report, an impressionistic analysis of the
decision process and action protocols, and unsystematic ob-
servations from the experimental sessions).

The relatively weak relationship between expectations
and performance indicates that users need to learn not only
about the system, but also about themselves in relation to
it. Describing the performance of other users would be a
direct approach to providing such insight. Whether people
can use such summary information would be an empirical
question. If not, one might attempt to describe the thought
processes leading to problems and how users might re-
direct their own thoughts. It may be that such knowledge
is better conveyed by doing than by tellitig. Intensive per-
sonalized feedback has proven effective in improving the
realism of expectations on other tasks [19,26]. Perhaps a
training module or individualized performance tracking
system could be incorporated in a computerized system.
The present experiment, which was not designed as a learn-
ing experience, had the effect of lowering subjects’ esti-
mates of the probability of finding a book that they wanted
from 87% at its beginning to 79% at the end. Although we
have no direct evidence regarding typical searches, such
lowered expectations seem in keeping with the performance
observed here. We look to the forthcoming analysis of the
protocol data for hypotheses and evidence regarding effec-
tive manipulations.
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Appendix A: Three Advice Statements

Advice Given by the Eugene Public Library

YOU MAY FIND MATERIALS IN FIVE DIFFERENT
WAYS

BY AUTHOR EXAMPLE AU=MICHENER JAMES
BY TITLE EXAMPLE Ti=HAWAI

BY AUTHOR AND TTTLE EXAMPLE AT=MICHENER/HAWAR
BY SUBJECT EXAMPLE SU=HAWAI

BY CALL NUMBER EXAMPLE CN=919.69 C226

To make your inquiry, use this terminal by following the
instructions given. Type your request using the keyboard
provided, making sure that when you have completed typing
your inquiry, you press the key marked RETURN to send
your request to the computer.

To search the catalog by AUTHOR, first type AU= then
type the author’s last name, optionally followed by first
name or initial. The more information you provide, the
faster the response to your search will appear.

If the computer finds more than one AUTHOR name that
matches your request, it will list the matching names on the
screen. Each will be identified by a number (called the LINE
NUMBER) listed beside it on the left side of the screen. The
number shown in parentheses to the right of the author’s
name indicates the number of titles in the collection written
by that author.

To find available titles written by a specific author,
FOLLOW the INSTRUCTIONS provided on the screen
below the list of matching author names.

To search the catalog by TITLE, first type TI= then type
in the title that you are looking for. You need not type the
entire title, as the computer will perform a TRUNCATED
search and display all the titles in the catalog that match your
search. However the more information you provide, the
faster the response to your search will appear.

Some titles would normally result in many unnecessary
matches being displayed . . . For example if you enter the
search TI=ROOTS the computer will find all the titles that
begin with the word ROOTS. If the title you are looking for
is a single word like ROOTS, you can get a faster response
by adding the qualifier/E to the end of your search. .. i.e.,
T=ROOTS/E will only look for those titles which match
your search exactly.

To search the catalog by SUBJECT, first type in SU=
followed by the subject that your are looking for. The com-
puter will display all the subject headings in the catalog that
match your request. .. the more detailed you make your
search the faster the computer’s response will be.
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If the computer finds more than one SUBJECT HEAD-
ING that matches your request, it will list the matching
headings on the screen. Each will be identified by a number
(calied the LINE NUMBER) listed beside it on the left side
of the screen. The number shown in parentheses to the right
of each heading indicates the number of titles in the col-
lection that refer to that subject.

To find out which titles are related to a specific subject,
FOLLOW the INSTRUCTIONS provided on the screen be-
low the list of matching subjects.

Some subjects may result in more matching entries than
you want . . . for example, if you search by SU=TENNIS,
the computer will list all subjects that begin with the word
TENNIS. To reduce the search time, if you enter your re-
quest followed by the qualifier/E, the computer will look
only for those subjects that match your request exactly

Sometimes when the computer lists a subject, it may tell
you to SEE or SEE ALSO some other heading that the
librarians consider may be appropriate to your search.

NOTE: Only valid LIBRARY OF CONGRESS subject
headings are used by this library.

Advice from Others Who Have Used the Library's
Computer Catalog

Go directly as possible to what you want. Just keep
trying. Go from the specific to the more general; it takes too
long the other way. If you get it right, you save a lot of time.
Generalize your search if starting with the specific doesn’t
work. Start specific and then scale up unless you've got a
feel for the right category from the start in which case ook
for a peneral category that is large enough to definitely be
there and small enough that it won't be a haystack for the
needle you're looking for. From there, narrow down your
search.

Try to halance intuition, instinct and being scientific
about it. If either one is getting frustrating, then try the
other way.,

Don’t be put off if you don’t succeed first of all. You
may have to alter your wsual approach to fit, in with the
program. Don't take it for granted that becaus¥ you don’t
find it under the first heading that it’s not there. You have
to use your head. Exhaust the heading titles to find what
you want. Don't give up too easily. You get better and
more confident as you go on.

It’s better if you know what you're looking for before
you start. Just use one word for subjects. Read the screen.
Things that go wrong are due to your stupid mistakes. Fol-
low what it says on the screen. Check your spelling and go
back and check for errors. Don’t forget your = sign or to
put the first name last. Pay attention to abbreviations. Have
patience. This is primitive software. It’s slow. You have to
keep going back and forth. Have patience.

Advice from Researchers

One way to think about this task is that it"s like making
a series of decisions. At each stage, you wanl to make the

best choice among a set of alternatives, each of which might
contain the book(s) that you want. For example, your initial
choices are author, title, sabject, and author title. If you
chose “subject,” then your cheices would be any of the
categories into which your book(s) could be placed. If you
picked a very general subject like “animal,” then you would
have further choices under it. And so on.

ideaily, you would like to make choices that will have a
high probability of getting the book(s) in a short period of
time. Here are some pieces of advice regarding how to make
efficient decisions.

* Before starting, think thoroughly about all the different
ways in which your book might have been cateporized.

* Reduce the set of possibilities to a few alternatives,
which you can turn to if your first choice doesn’t
work out.

* In making that first choice, remember that a broadly
defined option is more likely to contain what you want,
but also will leave you further from your goal.

*  When you've settled on a first choice, before trying it,
give an extra moment's thought to why it might not work
out. (e.g., Is that really what you want? How else might
the library have categorized it? If it doesn't work out,
where will you look next?).

* If a particular choice doesn’t work out, think about what
that tells you about the organization of the systemn as a
whaole. Ask how surprised you were at what happened.

¢ Before making your choice, make a prediction regarding
the chances that it will work out. Over time, try to get
a feeling for how realistic your expectations are. If you
find that you're too confident of succeeding, try to think
harder about possible surprises.

* If you are uncertain about where to Jook, think about
your choice as being partly an experiment. Ask which
choice will tell you the most, even if it turns out to
be wrong

Appendix B:

Summary of Difficulties Experienced by 60 Users of the
On-line Catalog and Recommendations Discussed at the
5/29/86 Meeting of Departmental Heads at the Eugene
Public Library

Difficulties Experienced by Users

(1) Problems in being able to identify the correct match for
subject headings.

{2) Spelling weaknesses.

{3) Difficulty in being able to assess whether subject bead-
ings were relevant to the initial goal.

{4) Slowness in learning the potential of the systemn and
using it creatively.

Feedback from Users

{1) Complaints about the apparent lack of logic in the
system:
i) Many double listings of authors, titles and subject
headings.

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE — November 1888 387




it} Titles not alphabetized

iii} No ordered sequence to call numbers.

iv) Books listed that they knew were missing

v) Books listed with "o holdings”.

(2) Comments on the clumsiness or inefficiency of the
system:
i) Constant return to title page.

i} Only 10 headings at a time.

iii} Incomsistency of numbering for options.

iv) Two steps required to access title

v) Too slow a display.

vi) Having to wait for the screen to print before typing
requests

{3) Problems in using the subject catalog:
i) Having to second guess the compilers of the Li-
brary of Congress subject headings.

ii} Insufficient See Alsos.

iii) The computer indicating there was no match when
they had already taken books out on that subject
(i.e. they had used the “incorrect” term).

iv) Wanting the title catalog to be accessed at the same
time as the subject catalog, in order to include
more common sibject names.

(4) lDrritation and embarrassment at the audio signal ac-
companying input errors.

Recommendations

(1) Improvements to the System and in its Use:
i) Continue to add more See Alsos and cross refer-
ences to the subject catalog.

ii) Have more subject heading books readily
available.

iii} Facilitate two levels of users: giving the more
advanced information on how to avoid returning
to the title page, how to call up status without
returning to the previous screen, how to go across
categories in a search and any other shortcuts
used by the Hbrarians.

tv) Give demonstrations to patrons on the best ways
to use the catalog; give people alternatives such
as typing in title when the subjgcl term has no
match, etc. v

v) Have a member of staff available at stated times
close to the terminals watching for difficulties
and helping people.

vi) Provide seating at some of the terminals; even
though this may increase the time spent at the
terminals, it might also increase the success rate.

vii) Reconsider whether the public terminals should
take more than 10 names into memory at & time.

viii} Eliminate the beep that announces incorrect
entries.

ix) Standardize the numbering system for the op-
tions; if an option is nravailable, leave the num-
ber out.

{2) Promotion of the computer catalog;
i) As many of the criticisms by users arise out of the
catalog being an inventory system, it is prefer-
able to state clearly that this is the systern used by

the librarians to catalog books as they arrive.
Promote the fact that the public has access to the
same information, rather than allowing people to
believe that it is a custom-made online catalog
for public use.

ii) One of its major strengths over a card catalog or
even some on-ling systems is that it gives the
status of each holding In our experiments, 21
people (35%) did not use the Availability infor-
mation and in consequence were only 62% con-
fident that they would find a book on the shelves
after locating its call number on the computer.
Nine people (15%) used the Availability informa-
tion some of the time and reported a confidence
about finding the books on the shelves of 71%.
In contrast, 30 people, (50%) said they looked
at Availability and reported a 91% success rate
in locating books on the shelves. This option
reeds to be actively advertised and demonstrated
1o users
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