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Searches by end users and intermediaries on the online PDQ
(Physician Data Query) cancer information system were observed.
With the National Library of Medicine (NLM) menu-based interface,
end users (physicians) averaged fewer steps per question, while with
the BRS command-drive interface, intermediaries appeared to be
more efficient. Cancer Information Service (CIS) searchers, who have
more PDQ experience than end users or intermediaries, made greater
use of command stacking to anticipate menu selections. Retrieval was
more complete in the NLM system, where both the menus and
predefined print formats assisted the searchers.

INTRODUCTION

The PDQ (Physician Data Query) information system
was designed as a resource for physicians as end users.
The rapidly changing state-of-the-art in cancer treat-
ment and the wide range of protocol-based clinical
research under way led to the development of the
online system. PDQ is designed to provide four cat-
egories of cancer information:
* the patient information file includes capsule sum-
maries designed for patient education on prognosis
and treatment;
* the cancer information file includes state-of-the-art
information on the prognosis and accepted treatment
options;
* the protocol file contains summaries of more than
1,000 active clinical trials for the treatment of various
types of cancer; and
* the directory file lists names, addresses, and tele-
phone numbers of physicians and organizations in-
volved in cancer treatment.

PDQ is available online through the National Li-
brary of Medicine's (NLM) MEDLARS® system and
through BRS Information Technologies under the BRS
Colleague®:1: service. It is also accessible through
several gateway services and distributed on CD-ROM
by several sources. The study described here was con-
ducted in 1986-1988 as part of an evaluation of the
online PDQ system for the Division of Cancer Pre-
vention and Control, National Cancer Institute [1].
From the beginning, PDQ's design emphasized end-

user access, making it an ideal candidate for an eval-
uation of how well an end-user system provides need-
ed information. Many authors have studied end-user
searching, often by comparing searches by end users
(the person who needs the information sought) and
intermediaries (often a librarian who conducts the
search for the person with the information need).
Sullivan, Borgman, and Wippern studied searches on
DIALOG® §, a general purpose retrieval system, and
found that end users "were no less satisfied with their
[own] retrievals, which were generally smaller but

t MEDLARS is a registered trademark of the National Library of
Medicine. BRS Colleague is a registered trademark of BRS Infor-
mation Technologies.
§ DIALOG is a registered trademark of Dialog Information Ser-
vices, Inc.
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* PDQ is a registered trademark of the National Library of Medi-
cine.
t This study was conducted under NIH contract no. NO1-CN-55459,
Division of Cancer Prevention and Control, National Cancer In-
stitute, National Institutes of Health.
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Figure 1
PDQ user codes and hours of use*, NLM system, October 1985-
March 1987

Physicians (1925 1)
Physicians (376)

Librarians 11489.1)

Librarians (575)

)X :

Others (989.3) CIS (2824.4)
Others (338)

Number of Users by Type Hours of Use by Type
n 1323 totali7227.9

* Includes NCI developmental use.

higher in precision than the retrievals produced by
the intermediaries" [2]. In contrast, Hurt found that
self-searchers were significantly better satisfied with
searches done by intermediaries than by searches they
had performed for themselves [3].

Several authors who looked at searching by health
professionals and medical students have found sup-
port for end-user searching of medical databases [4].
The GRATEFUL MED® software for the MED-
LINE® * * database is widely used, and several reports
on its benefits have appeared [5]. Writers have noted
GRATEFUL MED's value to the surgeon [6] and the
primary care physician [7] as well as in the hospital
library [8]. The MEDIStt service, offered by Mead
Data Central from 1985 and incorporated into the
Nexis and Lexis services in 1987, was useful to stu-
dents, residents, and faculty in medicine, dentistry,
and nursing [9-10]. MEDIS included both biblio-
graphic and full-text databases; Ludwig [11] found
that users preferred searching the MEDLINE (biblio-
graphic) file; and Sievert et al. reported that full-text
databases provided more comprehensive retrieval, but
MEDLINE provided more precision [12]. PDQ, par-
ticularly the cancer information file, is essentially a
full-text database. Thus, findings on how end users
approach or use bibliographic databases such as MED-
LINE may not be completely accurate predictors of
how PDQ is or should be used.

In this paper, the authors examine through obser-
vation of searchers and records of searcher/system
interaction the number of steps or commands needed
to answer prepared questions using a menu-driven
or command-driven interface. The interactions stud-
ied were performed by physician end users, inter-
mediaries, and Cancer Information Service (CIS)

searchers; comparisons are made for the three groups.
The completeness of searchers' answers is compared
with benchmarks prepared by the database creator.

STUDY METHOD

PDQ is used by end users (physicians and other health
professionals), intermediaries (librarians, clinical as-
sistants, and secretaries) searching for health profes-
sionals, and CIS searchers. CIS searchers are inter-
mediaries who handle cancer information requests
from the general public or health professionals. Be-
cause of their specialized work and frequent PDQ use,
the CIS searchers are considered as a separate group
in this analysis. NLM provided lists of 1,325 previous
PDQ users-all those who had used PDQ at any time
between 1985 and 1987. When applying for pass-
words, users indicate their affiliations with one of
several institution types, e.g., direct patient care,
health education, information resources, or library.
These affiliations provide a rough estimate of levels
of PDQ activity by different types of users. The pool
of previous users was divided into four groups: CIS
offices (34 user codes or 2.6%), physicians (376 or
28.4%), librarians (575 or 43.5%), and others (338 or
25.6%). (User codes for "others" included health ed-
ucation; health-related research or resource; legisla-
tive, regulatory, or planning agencies; scientific or
technical products and services; and general products
and services.) When the 7,228 hours of use are divided
by group, the CIS predominance is impressive. CIS
codes accounted for 39.1% of online time, followed
by physicians (26.6%) and librarians (20.6%) (Figure
1).
An important measure of an information system's

effectiveness is how well users are able to retrieve
information. To assess PDQ's usability, a set of test
questions appropriate for PDQ was developed (Ap-
pendix). NLM and BRS staff prepared search strate-
gies to answer these questions efficiently, a search
that might be expected of an experienced searcher.
NLM staff also prepared strategies considered typical
for a novice searcher. These example searches served
as benchmarks for comparison with searches by actual
PDQ users.
NLM monthly user tapes and BRS-printed listings

of file use provided lists of current PDQ users. Those
with online time above the mean for each service
were candidates for inclusion in this study. Searchers
with the highest total online time were contacted first
and asked to participate in observed searches. Ad-
ditional participants with above average search time
were selected to provide similar numbers of physi-
cian and intermediary searchers.

Thirty-three observed searches were conducted,
with end users and intermediaries on both NLM and
BRS as well as CIS users of the NLM system. The
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** GRATEFUL MED and MEDLINE are registered trademarks of
the National Library of Medicine.

tt MEDIS is a registered trademark of Mead Data Central.
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observed searches were conducted at the searcher's
office or at another usual location for searching PDQ.
Three researchers from the University of Illinois
Graduate School of Library and Information Science
conducted observations and subsequent discussion.
Subjects were asked to search five of ten prepared
questions, and a listing of the searcher/system inter-
action was retained on either disk or paper. In ad-
dition, searchers were asked to think aloud and ex-
plain their search processes; these comments were
tape recorded. Searches were completed on the equip-
ment normally used by the person being observed
and charged to accounts for this project, so that par-
ticipating searchers or their institutions would not
be billed for search costs. Limits on participants' time
and problems with the recording systems reduced the
study from a potential of 165 to 155 interactions (one
question searched by one searcher represented one
interaction).

NLM-observed searches
A total of 88 usable interactions were obtained on the
NLM system; 39 for end users (physicians), 39 for
intermediaries, and 10 for CIS searchers. Of the 36
questions designed for the cancer information file, 31
were searched in that file. The remaining five ques-
tions were searched in the protocol file. Of 34 ques-
tions for the protocol file, 33 were conducted in that
file, and one was completed in the cancer information
file. All 18 directory file questions were searched en-
tirely in that file. Overall, 82 of the 88 questions, or
93%, were searched in the intended file. The searchers
seemed generally competent in deciding which file
to search, although the cancer information file ap-
peared less well understood. This file contains the
current opinion of the PDQ review board on prog-
nosis and treatments for cancers. Several searchers
noted that they would normally search a bibliograph-
ic file such as CANCERLITtOt or MEDLINE for some
of the cancer information questions presented.
The searches were analyzed by number of steps

(menu selections, keywords, or stacked commands
anticipating menu selections) entered by the search-
er. General patterns of use in each file were similar
when comparing the high, low, and average number
of steps (Table 1). The average number of steps for
the observed searches was slightly higher than the
number expected of novice users by the NLM staff
who prepared the benchmarks.
There were no significant differences when the

number of search steps was examined by type of user
(X2 = 3.05, P > 0.05, df = 2). The CIS searchers re-
quired slightly fewer steps in their searches, with an

Table 1
Range of number of steps in NLM searches, by file and search group

Cancer In-
formation Protocol Directory

Category file file file

High 30.0 25.0 30.0
Low 4.0 5.0 5.0

Average
Physicians 7.3 12.8 12.3
Intermediaries 13.2 12.9 14.0
cis 8.3 11.3 6.5
Overall 9.2 10.9 9.2

Benchmark experienced 4.5 3.3 4.5
Benchmark novice 8.3 9.0 10.0

average of 9.1 per question. Physicians were next,
with 10.4 steps per question, and intermediaries con-
ducted the longest average searches, with 13.2 steps.
This slight difference may be attributed to the CIS
and physicians' familiarity with the subject; ease of
anticipating subsequent choices from a menu can be
an advantage, especially with the NLM system's
menu-based interface.
The CIS searchers' greater familiarity with the sys-

tem was evident in the frequency with which they
used command stacking. The initial PDQ interface
assumed users would read each menu and select the
appropriate item. However, frequent users were soon
familiar with many of the basic menus and wanted
to move ahead with the search without waiting for
each menu display. Later versions of PDQ support
command stacking, which allows the searcher to an-
ticipate menus and select items. The responses for
several menus can be separated by semicolons and
entered as a single statement. Command stacking was
used significantly more by CIS searchers-in 70% (7
of 10) of their searches compared with only 12% (9
of 78) of the searches by physicians and intermedi-
aries (X2 = 16.62, P < 0.01, df = 1). CIS searchers also
made greater use of keywords, e.g., entering a specific
cancer name rather than going through menus. How-
ever, the difference between the CIS searchers (90%
or 9 of 10 of the interactions used at least one key-
word) and other searchers (73% or 57 of 78) was not
significant (X2 = 0.627, P > 0.05, df = 1).
Another consideration in evaluating the effective-

ness of a retrieval system is the ability of its users to
find answers for their questions. To estimate searcher
success, the answers retrieved in the NLM bench-
marks were compared with the results of each ob-
served search interaction. Of the 88 interactions, 55
(63%) questions were answered completely, 29 (33%)
were answered in part, and 4 (5%) were answered
incorrectly (Table 2). There was least trouble with the
least used of the PDQ files, the directory file, with
89% (16 of 18) complete retrieval. The protocol file
presented relatively little trouble, with complete re-
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44 CANCERLIT is a registered trademark of the National Library
of Medicine.
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Table 2
NLM-observed searches compared with benchmarks by file and search group (n = 88)*

Complete Partial Incorrect Total
File Searcher number (%) number (%) number (%) number (%)

Cancer information Physician 7 (43.8%) 9 (56.3%) 0 16 (100%)
Intermediary 6 (37.5%) 7(43.8%) 3 (18.8%) 16 (100%)
CIS 2 (50.0%) 2 (50.0%) 0 4 (100%)

Protocol Physician 10 (66.7%) 4 (26.7%) 1(6.7%) 15 (100%)
Intermediary 13(86.7%) 2 (13.3%) 0 15 (100%)
C1S 1 (25.0%) 3(75.0%) 0 4(100%)

Directory Physician 6 (75.0%) 2 (25.0%) 0 8 (100%)
Intermediary 8 (100%) 0 0 8 (100%)
CIS 2 (100%) 0 0 2(100%)

55 (62.5%) 29 (33.0%) 4(4.5%) 88(100%)

Percentages may not total 100 due to rounding.

trieval in 71% (24 of 34) of the searches and partial
retrieval for 26% (9 of 34). The cancer information
file had only 42% (15 of 36) complete retrieval, in part
because two of the four benchmark searches inter-
preted the questions as requiring additional infor-
mation from the protocol file for complete answers.
However, 92% (33 of 36) of the observed searches had
either complete or partial retrieval.

BRS-observed searches
BRS users provided 67 usable interactions, with 39
from physicians and 28 from intermediaries; CIS
searchers do not use the BRS version of PDQ. Of the
27 questions designed for the cancer information file,
23 were searched in that file and 4 in the protocol
file. Of the 27 protocol questions, 25 were searched
in that file and 2 were run in the cancer information
file. The 13 directory questions were searched in that
file. Searches in the "incorrect" file generally led to
some information that the user considered adequate
to answer the questions.
The BRS Colleague interface is essentially com-

mand-driven, so the measure of search efficiency was

Table 3
Number of commands per question in BRS searches, by file and
search group

Cancer
information Protocol Directory

Category file file file

High 27.0 22.0 16.0
Low 2.0 2.0 3.0

Average
Physicians 7.8 6.4 7.9
Intermediaries 4.5 6.9 9.0
Overall 6.4 6.6 8.4

Benchmark 1.0 1.0 1.0

the number of commands a searcher entered, e.g.,
"interferon same renal cell" would be one command,
rather than the number of steps through the menus
used with NLM's version of PDQ. The BRS system
experts' benchmark searches used only one search
command per question (Table 3). Because the search-
ers all required considerably more interaction than
this, comparison with the number of steps in the
benchmarks is not useful. The average number of
commands per question was similar in the cancer
information and protocol files. The directory file
searches required slightly more interaction, perhaps
because it was used less often or due to the difficulty
of deriving appropriate keywords from the questions
posed. The number of commands per question was
greater for physicians, at 7.2 commands per question,
than for intermediaries, at 6.4. Most of the BRS in-
termediaries observed in this study were librarians
who appeared to have considerable familiarity with

Table 4
Use of search terms in BRS commands, by search group*

Search term Physicians Intermediaries

Keyword 230(32.7%) 65 (34.8%)
Set number 111 (15.8%) 21 (11.2%)
'AND" 106 (15.1%) 25(13.4%)
Paragraph label 81 (11.5%) 39(20.9%)
Format, or document number 50 (7.1%) 8(4.2%)
File 49(7.0%) 15(8.0%)
Print 27 (3.8%) 4 (2.1%)
"OR" 14 (2.0%) 4 (2.1%)
Error 10(1.4%) 1 (0.5%)
Truncate 1(0.1%) 5(2.7%)
Othert 25 (3.6%) 0

704 (100%) 187 (100%)

Percentages may not total 100 due to rounding.
t Included with, help, change, "NOT," search.
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Table 5
BRS-observed searches compared with benchmarks, by file and search group (n = 67)*

File Complete Partial Incorrect Total
Searcher number (%) number (%) number (%) number (%)

Cancer information Physician 3(18.8%) 13(81.3%) 0 16(100%)
Intermediary 5(45.5%) 6(54.5%) 0 11 (100%)

Protocol Physician 7 (43.8%) 8(50.0%) 1 (6.3%) 16 (1000/c)
Intermediary 5 (45.5%) 4(36.4%) 2(18.2%) 11 (100%)

Directory Physician 3(42.9%) 3(42.9%) 1 (14.3%) 7 (100%)
Intermediary 5(83.3%) 0 1 (16.6%) 6(100%)

Total 28 (41.8%) 34 (50.7%) 5 (7.5%) 16 (100%)

^ Percentages may not total 100 due to rounding.

the BRS command language from searching non-PDQ
files. Some, but not all, of the physicians also used
BRS for access to other databases, although presum-
ably less often than intermediaries.
The components of the search commands, e.g.,

Boolean operators, key words, set numbers, were also
analyzed. There was remarkable similarity in the fre-
quency with which various kinds of search compo-
nents were used (Table 4). Keywords accounted for
approximately one third of all entries by both phy-
sicians and intermediaries. Physicians had a higher
rate for use of retrieval set numbers, indicating that
they combined previously-created sets, while inter-
mediaries were more likely to either enter search
statements as one step or rekey the term(s) to be
searched. About three fourths of each group's set was
represented by the first four items in the list. Logical
"AND" (15.1% for physicians and 13.4% for inter-
mediaries) was used more than logical "OR" (2.0%
and 2.1%), indicating that searchers did not create
"hedges" of terms "ORed" together to cover a concept
that was not easily identified by a single word or
phrase [13]. Intermediaries made greater use of para-
graph labels to specify which fields of the record were
searched.

BRS-observed search results were also compared
with the benchmark searches prepared by NLM to
evaluate completeness and accuracy of retrieval. While
the two systems used different interfaces, the database
was the same, and the NLM answer sets were used
as benchmarks because they represented the opinion
of expert searchers highly familiar with the PDQ da-
tabase. A total of sixty-seven interactions were ana-
lyzed (Table 5). A relatively high percentage of an-
swers were partially correct because the benchmark
searches emphasized exhaustive retrieval. Exhaustive
retrieval is aided on the NLM system in two ways:
for cancer information questions, predefined formats
encourage printing of the part(s) of a record that will
supply specific information; in the protocol file it
appears that the protocol records are linked to the

classification menu so that, for example, all protocols
on renal cell cancer will be retrieved whether or not
that specific terminology is used. On the BRS system,
search terms are matched with what actually occurs
in the database, and the user is given greater latitude
in print formats. The result, at least in this case, was
that the observed searches often provided only a por-
tion of what was retrieved with the NLM system.
This was evident in both the cancer information and
protocol files, where more than half the questions
were answered partially or incorrectly. Intermedi-
aries' searches were more likely to result in complete
retrieval, with 15 of the 28 searches by intermediaries
(54%) meeting the benchmark for completeness.

DISCUSSION AND CONCLUSIONS

A major difference between the NLM and BRS inter-
faces is that NLM's PDQ system is highly menu-based
while BRS uses command mode interaction. Expert
searchers on the NLM system, particularly the CIS
searchers, often anticipate menus by command stack-
ing, thus entering several commands on one line and
avoiding the menu selection steps. The menu inter-
face and underlying classification of the databases
appear to be particularly helpful in providing com-
plete retrieval from the protocol file. NLM's prede-
fined print formats also assist in securing retrieval
and display of needed information.

In comparing search efficiency between the two
systems, the NLM physician users appeared more ef-
ficient (10.4 steps per question compared with 13.2
for intermediaries), while with BRS the intermedi-
aries had an average of only 6.4 commands per ques-
tion, compared with 7.2 for physicians. One possible
explanation of this reversal in efficiency is that the
NLM observations were confounded by the presence
of two types of intermediaries. Librarians and phy-
sicians' office staff were grouped together, and it was
the observers' impression that librarians tended to be
more efficient than office staff. However, the numbers

Bull Med Libr Assoc 80(1) January 1992 33



Shaw and Czaja

were too small to allow such a conclusion from this
study. Some of the difference between physicians and
intermediaries may also be attributed to the different
system interfaces. The NLM interface was designed
with the physician in mind, and a searcher not fa-
miliar with the database content might have trouble
determining where in the menu tree the desired in-
formation would be located. In one observation, a
physician's staff member who handled PDQ searches
remarked that it was often necessary to telephone the
physician more than once during a search to ask which
menu item to select. On the other hand, the BRS
interface appeared to improve the intermediary's ef-
ficiency. It appears that with the command-driven
interaction, familiarity with information retrieval
systems outweighs subject knowledge in conducting
efficient searches.
When searches by physicians and intermediaries

on both systems were compared with the bench-
marks, intermediaries had a higher rate of complete
retrieval-63% (42 of 67) of searches by intermedi-
aries retrieved the answer(s) specified by the bench-
mark, while only 46% (36 of 78) of searches by phy-
sicians had complete retrieval.
The PDQ files are different from bibliographic da-

tabases in that they contain expert opinion on diag-
nosis and treatment (cancer information file) and full
text of current investigative protocols (protocol file),
as well as directory information. Searchers, especially
intermediaries, who tend to judge search effective-
ness by number of items retrieved can be confused
when only one answer is found on how to treat a
particular cancer. One intermediary noted that there
was material in MEDLINE that was not found in PDQ,
which was "a little frightening"; the searcher in-
ferred incorrectly from this observation that PDQ was
not updated regularly. Understanding the nature of
the database is essential for effective retrieval; search-
ers might be advised to think of PDQ as a compre-
hensive and up-to-date handbook on diagnosis and
treatment, thus distinguishing it from bibliographic
databases such as MEDLINE. Searches conducted in
the wrong PDQ file represented another problem.
While relatively few, the searches for protocols in the
cancer information file, and vice versa, indicated that
users need to have such divisions spelled out. Van
Camp has recently reviewed several PDQ search aids
that can assist in increasing search efficiency and ef-
fectiveness [14].
The physicians who participated in this study were

among the first to use PDQ, and their attitudes toward
end-user searching may not be representative. In an-
other part of the PDQ evaluation, several physicians
(not PDQ users) received demonstrations and dis-
cussed PDQ's potential applications in their practices.
Several remarked that they were glad such a system
existed and would want their librarians or other in-

termediaries to use it. The survey of PDQ users con-
ducted for this evaluation found much earlier use of
PDQ (prior to July 1986) among intermediaries than
among physician end users [15]. This suggests that
traditional roles are being maintained, with physi-
cians as experts on content while librarians are ex-
perts on sources. The survey also indicated that li-
brarians did not generally encourage physician
searching or cite the sources used when they searched.
While this analysis differentiated between physicians
and intermediaries, future studies might examine dif-
ferences between librarians and other types of inter-
mediaries in terms of searching styles and interaction
with physicians.
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APPENDIX

Test questions for PDQ searches

Cancer information file

1. What are the forms of treatment for astrocytoma (adult)
grade 2?

2. What is the standard treatment for advanced prostate
cancer, stage D? What is the difference between stages
C and D?

3. What are the treatment options for refractory, poorly
differentiated, nodular non-Hodgkin's lymphoma? Had

CHOP and monoclonal antibodies. MD offered inter-
feron. What else is there?

4. What is the prognosis for small cell carcinoma of the
lung, metastases to other sites?

Protocol file

5. Are there any interferon studies for renal cell cancer?
6. I need protocols on use of interferon for renal cell car-

cinoma, not excluding patients with brain metastases.
7. My husband has stage three adenocarcinoma of the

lung that has metastasized to the abdomen. Are there
any investigational studies using radiation therapy and/
or hyperthermia to treat tumors such as this? If so,
where?

8. I need protocols in Illinois for a patient with metastatic
small cell lung cancer.

Directory file

9. How can I contact a Dr. Tom O'Conor (not sure of
spelling) in Lancaster, Pennsylvania?

10. Need lung cancer specialist in Portland, Oregon.
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