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INTRODUCTION

Although various methods are used to evaluate bio-
medical journals, there is no standard reference for ful-
ly assessing the impact of a journal in clinical medicine
[1]. The utility or influence of a given paper on diag-
nosis or therapeutics has not been clearly defined. This
study presents a novel mode of evaluation. In the re-
search literature, an acknowledged criterion of value
is the degree of influence on secondary papers. A ci-
tation by other articles is accepted as a fair estimate of
the value or importance of a publication [2]. The im-
pact factor (IF), published in the Science Citation Index
(SCI) Journal Citation Reports (JCR), is based on a bib-
liometric analysis of science journals in the ISI data-
base [3]. Although it has been criticized [4-8], IF is the
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most common bibliometric criterion for ranking and
evaluating biomedical journals [9]. As IF represents, by
its nature, an indirect criterion, a direct measure of
journal use should be considered. The number of times
a publication is consulted is an objective criterion of
use. The recent availability of digital versions of major
biomedical journals presents an opportunity to direct-
Iy measure their electronic consultation rates.

This paper describes a way to measure the electronic
consultation rate that the authors have termed the
reading factor (RF), in direct correlation to the impact
factor. RF measures the interest in a journal within the
limit of a given readership. It is a direct measurement
of journal use that is related to both clinical medicine
and library or information science. Results of the ob-
served distribution of RF for the year 1998 and IF for
1997 are shown in Table 1. The Rouen University Hos-
pital (RUH) medical digital library was created in
1997. This library allows all 304 RUH senior physi-
cians to access MEDLINE, forty-six electronic full-text
journals, and some selected electronic books from their
offices at no charge [10].

METHODS

Electronic full text has been provided by Ovid®, a
commercial company, via the RUH intranet since 1997.
These journals are offered as packages known as Bio-
medical Collections volumes I, Il, and Ill, which con-
tain fifteen, fifteen, and sixteen journals, respectively.
They have been available at RUH since June, Septem-
ber, and December 1997, respectively. The journals in
each package are selected by Ovid based on the cov-
erage of major biomedical specialties, journal impact
factors, and agreements with publishers. Table 1 in-
cludes all forty-six journals.

The number of electronic consultations is incre-
mented each time end users click on a hyperlink to
open individual publications. To obtain a standardized
measure of the electronic-consultation rate and to
avoid an institution-size effect, the RF is defined as the
ratio between the number of electronic consultations
of an individual journal and the mean number of elec-
tronic consultations of all the journals studied or as
the following equation:

__°
' > Ci/N

where Cj is the number of electronic consultations of
journal j, and N is the total number of journals avail-
able in the database. The normalization of the reading
factor has also been performed, because ISl journal im-
pact factor is a similarly normalized value. Thus, a val-
ue of 1 represents an average consultation rate, while
a value greater than 1 represents a higher-than-average

RF
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Table 1
Impact factor (IF) versus reading factor (RF) based on forty-six biomedical journals

Biomedical 1997 IF Number of 1998 RF

collection 1997 IF rank consultations 1998 RF rank
The Lancet | 16.135 4 630 5.79 1
New England Journal of Medicine | 27.766 1 436 4.01 2
American Journal of Obstetrics & Gynecology | 2.556 30 261 2.40 3
JAMA: The Journal of the American Medical Association | 9.258 9 260 2.39 4
British Medical Journal | 4.994 14 258 2.37 5
Chest m 2.341 35 210 1.93 6
Circulation | 9.762 7 187 1.72 7
American Journal of Medicine | 4.237 21 169 1.55 8
Archives of Neurology Il 3.779 22 164 1.51 9
Journal of Neurology, Neurosurgery & Psychiatry I 1.976 43 152 1.40 10
Journal of Urology 1] 2.719 28 138 1.27 11
Annals of Internal Medicine Il 12.047 5 133 1.22 12
Pediatrics | 2.748 27 127 117 13
Stroke 1] 4.323 20 119 1.09 14
Journal of Clinical Investigation | 9.667 8 117 1.07 15
British Journal of Haematology 1] 3.370 24 116 1.07 16
Journal of Pediatrics Il 2.836 26 115 1.06 17
American Journal of Surgery | 2.174 41 113 1.04 18
American Journal of Cardiology Il 2.402 32 112 1.03 19
Anesthesiology 1] 4.625 17 99 0.91 20
British Journal of Surgery Il 2.287 37 94 0.86 21
Archives of Dermatology I 2.358 34 80 0.73 22
Thorax Il 2.306 36 74 0.68 23
American Journal of Psychiatry* Il 6.501 12 72 0.66 24
Science | 24.676 3 60 0.55 25
Mayo Clinic Proceedings 1] 2.003 42 59 0.54 26
Journal of Clinical Pathology (with Clinical Molecular Pa
thology)* 1] 1.427 46 55 0.51 27
Archives of Internal Medicine Il 4.781 16 52 0.48 28
Archives of Ophthalmology 1] 2.476 31 52 0.47 29
Gut Il 4.546 18 51 0.47 30
Canadian Medical Association Journal* | 1.589 44 47 0.43 31
Nature m 27.368 2 44 0.40 32
Fertility and Sterility Il 2.612 29 41 0.38 33
Heart (formerly the British Heart Journal) 1] 1.443 45 40 0.37 34
Journal of Bone and Joint Surgery (U.S. volume) | 2.190 40 39 0.36 35
Archives of Surgery* Il 2.363 33 34 0.31 36
Archives of General Psychiatry* | 10.751 6 30 0.28 37
American Journal of Public Health I 3.453 23 29 0.27 38
QJM: Monthly Journal of the Association of Physicians Il 2.242 39 28 0.26 39
Circulation Research Il 8.438 11 24 0.22 40
Obstetrical & Gynecological Survey* 1] 2.256 38 21 0.19 41
Medicine Il 4.483 19 20 0.18 42
Arteriosclerosis, Thrombosis and Vascular Biology* Il 5.317 13 14 0.13 43
Hypertension 1] 4.944 15 13 0.12 44
Diabetes 1] 8.675 10 11 0.10 45
British Heart Journal ¥ 1] 2915 25 7 0.06 46
Total 5,007

* Journals marked with an asterisk were only available in electronic version in 1998.

T British Heart Journal became Heart during 1998.

consultation rate. The normalized reading factor is de-
fined (data not shown) as the ratio between the num-
ber of electronic consultations and the number of ar-
ticles of a particular journal.

The distribution of RF was assessed for the year
1998, the first calendar year with full electronic avail-
ability of the forty-six journals listed in Table 1. RF and
type of publication (article, letter, review, case report,
editorial, or miscellaneous) were automatically extract-
ed from log files using Ovid software. Finally, it
should be noted that hard copies of the forty-six jour-
nals were available two to three months before the re-
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lease of the electronic versions in 1998 at RUH. The
RUH digital library was primarily devoted to physi-
cians but was also available to residents and medical
students upon request.

Data on IF from JCR were retrieved from a 1997 CD-
ROM edition. RF for the year 1998 and IF for the year
1997 were the latest information available, when this
study was performed. The existence of a correlation
between IF and electronic journal use as measured by
RF was assessed with the Pearson and Spearman rank
correlation coefficients. The Kruskal-Wallis test was
used to assess the existence of an association between
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RF and each Biomedical Collection package. Because
electronic journal use varied according to the Biomed-
ical Collection package, a multiple linear regression
was used to study the existence of a correlation be-
tween RF and IF while controlling for Biomedical Col-
lection package. Analyses were performed using
BMDP New System for Windows, version 1.1 (BMDP
Statistical Software, Inc.), and StatXact software, ver-
sion 3.0.2 (Cytel Software Corporation).

RESULTS

A total of 5,007 electronic articles were consulted in
1998 (Table 1). There were 2,349 original articles
(46.9%), 1,011 letters (20.2%), 378 review articles
(7.5%), 336 case reports (6.7%), 310 editorials (6.2%),
and 623 with no specific publication type (12.6%).

Table 1 displays the number of electronic consulta-
tions as well as the value of RF in 1998 (in decreasing
order) and the value of IF in 1997 for each journal. The
mean number of publications electronically consulted
per journal was 108.80, while the corresponding me-
dian number was 73 (range 7-630). The mean RF was
1 by design, while its median was 0.47. The distribu-
tion of RF was skewed with only 19 values above the
mean and a wide range of values from 0.06 to 5.78.
The Lancet and The New England Journal of Medicine had
the highest RF values (5.79 and 4.01, respectively),
while Nature and Science had relatively low RF values
(0.40 and 0.55, respectively), which was consistent
with a university hospital environment.

The mean 1997 IF of the 46 journals under study
was 6.0, and their median IF was 3.4 (range 1.4-27.8).
The distribution of IF for these 46 journals was also
very skewed, with only 12 IF values above the mean
and a wide range of values from 1.42 to 27.76. The
highest IF values were those for The New England Jour-
nal of Medicine, Nature, Science, and The Lancet (27.76,
27.36, 24.67, and 16.13, respectively).

No correlation was found between the 1998 reading
factor and the 1997 impact factor of these forty-six
journals.

Statistical analysis of correlation between reading
factor and impact factor

From these data, the observed Pearson correlation co-
efficient between IF and RF was 0.3737, which would
indicate a positive and significant correlation (P =
0.0105). However, this indication would be misleading,
as both the distribution of IF and that of the number
of articles were clearly not normal. In fact, this appar-
ent positive correlation was essentially driven by the
two major medical journals, The New England Journal
of Medicine and The Lancet. The Pearson correlation co-
efficient for the remaining forty-four journals was es-
timated at —0.0390, a value non-significantly different
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Figure 1
1997 impact factor as a function of the rank of 1998 reading factor
for forty-six biomedical journals
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from 0 (P = 0.802). These two journals had a highly
influential role on the examined correlation, because
they had very high RF values (5.79 and 4.01, respec-
tively, the two highest values by far) and very high IF
values (see above).

To override these distribution discrepancies and per-
form a more valid analysis, we reestimated the Pear-
son correlation coefficient on log-transformed vari-
ables and estimated the Spearman rank correlation co-
efficient on all forty-six journals. We found very close
values of 0.1775 and 0.1417, respectively. These values
did not significantly differ from 0 (P = 0.238 and P =
0.348, respectively), thus failing to lend any support
to the existence of a correlation between IF and elec-
tronic journal use as measured by RF. Figure 1 illus-
trates this startling lack of correlation. The authors also
studied the correlation between IF and RF separately
for different types of publications (original articles, let-
ters, review articles, case reports, editorials, and other
publications) with the Spearman rank coefficient and
found no significant correlation.

Finally, as we found a significant association be-
tween RF and Biomedical Collection package (P =
0.0051, Kruskal-Wallis test) on the one hand and a
nearly significant association between IF and Biomed-
ical Collection package (P = 0.0900, Kruskal-Wallis
test) on the other hand, we studied the correlation be-
tween RF and IF while controlling for Biomedical Col-
lection package. Using multiple linear regression, we
found again no significant correlation between the log-
transformed variables IF and RF (P = 0.925).

We found highly significant correlation among the
RFs for the years 1998, 1999, and 2000, as pairwise
Spearman’s rank correlation coefficients were 0.9682
for years 1999 and 2000 (P < 0.0001), 0.8738 for years
1998 and 2000 (P < 0.0001), and 0.8930 for years 1998
and 1999 (P < 0.0001).
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DISCUSSION

One of the major advantages of this approach is the
availability of results with minimal delay. Electronic
access allows a reliable and automatic evaluation of the
consultation rate of such documents. It appears to be
a more practical version than the manual count of doc-
uments or printed copies borrowed from the library
[11].

As with its printed counterpart, however, there is
no way to determine whether this corresponds to a
partial or a complete reading, an effect of curiosity, or
even an accidental mouse click. That is why the RF is
not indicator of quality but is at best an inferential
indicator. To avoid taking into account accidental
mouse clicks, a revised version of the RF will count a
click if a visitor spends an appropriate amount of time
looking at the document (e.g., 30 seconds).

In the Rouen University Hospital, some physicians
may still be somewhat reluctant to use this digital li-
brary and may prefer printed versions when available
or continue to individually subscribe to some journals
(internal questionnaire; data not shown). Because a
significant level of use of alternate information means
persists, RF may provide an accurate estimation of the
interest in the digital version of the journal but cannot
be considered an indicator of the interest in a publi-
cation.

Some novelty effect might exist and might have ar-
tificially increased electronic journal use, because we
noted that RF values were higher for journals acquired
in June 1997 (Biomedical Collection 1) than for those
acquired afterward (Biomedical Collection Il and III).
Furthermore, electronic journal consultations increased
63% (3,147 versus 1,926) for the first five months of 1999
compared with the corresponding months of 1998. In
contrast, electronic journals without a corresponding
printed version available yielded low RF values.

To our knowledge, this is the first study to compare
electronic journal use and citation frequency. A few
published studies have evaluated the relationship be-
tween printed journal use and citation frequency but
with somewhat inconsistent results. Tsay investigated
the relationship between journal use in a Taipei med-
ical library and journal citation in the biomedical field
[12]. The results of Tsay’s study showed a significant
and positive correlation between frequency of use and
IF for all titles, although the estimated Pearson and
Spearman correlation coefficients were rather low (0.34
and 0.35, respectively). Tsay also found a significant
and positive correlation between frequency of use and
IF, when journals that published clinical medicine and
journals that published life science articles were con-
sidered separately. In contrast, no correlation or only
partial correlation was found between journal use and
citation patterns in biomedical sciences for studies
published in the late 1970s [13-16].

326

The results of this study suggested that RF provided
different bibliometric information than IF The fre-
guency of use of a journal could therefore be a signif-
icant parameter of its interest to readers and could be
used as a more relevant marker of a given journal’s
influence. For instance, in selected specialties within
specific readerships, RF tended to reveal differences
between journals of equivalent IF. A sharp contrast be-
tween IF and RF was observed among three pairs of
publications: Chest and Thorax, American Journal of Psy-
chiatry and Archives of General Psychiatry, and American
Journal of Surgery and Archives of Surgery (Table 1). RF
could thus be regarded as an additional criterion for
the selection of electronic journals for hospital physi-
cians.

It is worth emphasizing the results obtained from
our analysis for four journals. Two leading generalist
medical journals (The New England Journal of Medicine
and The Lancet) had the highest ranks of RF (2nd and
1st, respectively) and among the highest ranks of IF
(1st and 4th, respectively). On the other hand, two ma-
jor generalist science journals (Nature and Science) had
among the highest ranks of IF (2nd and 3rd, respec-
tively) and among the lowest ranks of RF (32nd and
25th, respectively). If Nature can be taken as almost
“twice as good’ [17] as The Lancet in terms of IF, the
ratio between The Lancet’s RF is fourteen times as high
as Nature’s RFE. RF measures the interest in a journal
within the limits of a given readership and cannot be
taken as an indicator of the journal’s quality.

The results of this study are consistent with the fact
that most senior physicians at our university hospital
are more clinically involved than research oriented.
Nonetheless, these results are partial in terms of elec-
tronic journals coverage (46 versus over 3,000 now ac-
cessible on the Internet) and as based on a single in-
stitution in terms of readership.

The rapid increase in journal prices, both electronic
and printed, has made the optimization of collection
management essential [18]. The results of this study
suggest that collection managers would not be able to
predict electronic journal use on the basis of journal
impact factors alone. Complementing the quality cri-
teria, the RF could become an economic criterion to
optimize electronic journal management in academic
institutions, as the cost of a click can easily be com-
pared to the cost of interlibrary loan [19]. In the RUH,
the average cost of each electronic article was $3.92 in
1998, $2.53 in 1999, and $1.89 in 2000. The RF could
also be used at the university level (e.g., over 1,500
electronic journals are available in the Rouen Univer-
sity) or directly aggregated for various institutions by
a commercial company (e.g., Ovid using its Website).
It can help library decision makers acquire new pub-
lisher collections according to previous RFs.
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CONCLUSION

The measurement of RF is highly automated and prac-
tical. RF is an objective and immediately available cri-
terion of local electronic journal use or interest in a
particular electronic journal. Within the limits of a sin-
gle institution at the beginning of its experience, RF
appears not to be correlated with IF This lack of cor-
relation suggests that RF provides different bibliome-
tric information than IF RF is a promising economical
criterion for local collection management of an elec-
tronic library. It should, however, not be used in iso-
lation but should be considered with other quality in-
dicators or indexes of scientific relevance.

ACKNOWLEDGMENTS

The authors thank Xavier Trussart for his technical as-
sistance and Gilbert Faure, Marie Christine Béné, and
Richard Medeiros for their advice in editing this man-
uscript.

REFERENCES

1. SEcLEN PO. Why the impact factor of journals should not
be used for evaluating research. Br Med J 1997 Feb 15;
314(7079):498-502. See also: SEGLEN PO. Why the impact fac-
tor of journals should not be used for evaluating research.
Br Med J [Internet], 1997 Feb 15. [cited 19 Mar 2002]. <http:
//www.bmj.com/cgi/content/full/314/7079/497>.

2. Reves H. El “factor de impacto” y el impacto de las re-
vistas medicas. Rev Med Chil 1998 Feb;126(2):135-8.

3. GARFIELD E. Fortnightly review: how can impact factors be
improved? Br Med J 1996 Aug 17;313(7054):411-3. See also:
GARFIELD E. Fortnightly review: how can impact factors be im-
proved? Br Med J [Internet], 1996 Aug 17. [cited 20 Mar 2002].
<http://www.bmj.com/cgi/content/full/313/7054/411>.

4. SEGLEN, oOp. Cit.

5. GoLpeERrR W. Der impact factor: eine kritische analyse. Rofo
Fortschr Geb Rontgenstr Neuen Bildgeb Verfahr 1998 Sep;
169(3):220-6.

6. HecHT F, HECHT BK, SANDBERG AA. The journal “‘impact
factor’”: a misnamed, misleading, misused measure. Cancer
Genet Cytogenet 1998 Jul 15;104(2):77-81.

7. WEsT R. Impact factors need to be improved. Br Med J
1996 Nov 30;313(7069):1400.

8. PINHAS N, KorponN C. Du bon usage du facteur d’impact
(le Réseau DIC-DOC). Inserm Actualités 1997 Aug/Sep;154:
7-10.

9. BADOR P, PETIT O. Facteur d’impact et indexation dans les
bases de données bibliographiques: comparaison de ces deux
critéres de qualité pour I'évaluation des revues pharmaceu-
tiques. J Pharm Belg 1998 Mar/Apr;53(2):71-3; discussion
73-80.

10. ScHATz BR. Information retrieval in digital libraries:
bringing search to the Net. Science 1997 Jan 17;275(5298):
327-4.

11. Tsay MY. The relationship between journal use in a med-
ical library and citation use. Bull Med Libr Assoc 1998 Jan;
86(1):31-9.

J Med Libr Assoc 90(3) July 2002

|
Brief communications

12. IeiD.

13. BroaDUs RN. The application of citation analyses to li-
brary collection building. Advances in Librarianship 1977;7:
299-335.

14. Rice BA. Science periodicals use study. Ser Libr 1979
Fall;4(1):41.

15. ScaLes P. Citation analysis as indicators of the use of
serials: comparison of ranked title lists produced by citation
counting and from use data. J Doc 1976;32(1):17-25.

16. StaNnkus T, Rice BA. Handle with care: use and citation
data for science journal management. Collect Manage 1982
Spring/ZSummer;4(1/2):95-110.

17. WEsT, op. cit.

18. BLEcic DD. Measurements of journal use: an analysis of
the correlations between three methods. Bull Med Libr Assoc
1999 Jan;87(1):20-5.

19. RousseL F, DARMONI SJ, THIRION B. Cost effectiveness of
a medical digital library. Med Inform Internet Med 2001
Oct-Dec;26(4):325-30.

Received August 2001; accepted March 2002

327





