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Abstract: The purpose of this paper is to offer a method to help to objectively compare quality of publication in biomedical

journals in different disciplines with varying ISI Impact Factors (IF). Three methods—the number of journals per ISI Journal

Citation Report discipline category/10, the IF/10, and the log (IF+1)/10—were used to calculate an article score. The distribution

of article scores were compared across three defined ISI discipline categories: two clinical categories, dentistry (ISI category—

dentistry, oral surgery, and medicine, forty-five journals) and medicine (ISI category—medicine, internal and general, 110

journals), and one basic science category, physiology (ISI category—physiology, seventy-four journals). The use of article scores

per discipline category enables a reasonable, relative comparison of the quality of biomedical publications of individuals across

disciplines for the purpose of promotion or awarding of research grants.
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T
he promotion of individuals within academic

and research organizations, as well as the

awarding of research grants to investigators,

is a competitive process. Evaluation of a person’s

research output is an integral part of the assessment,

and even though there is ongoing debate about it,

this process should be as fair and objective as pos-

sible. Research publications are an important part of

the assessment although other research activities have

been used as well.1,2

Assessment of research publications, particu-

larly their quality, is a complex problem, which, if

one is honest, has not yet been solved. There are those

who believe that the peer review with careful human

judgment is the method of choice.3,4 Others prefer

one or other form of bibliometric analysis ranging

from publication numbers5 through weighted produc-

tivity scores6 to citation analyses,7 including that pio-

neered by Garfield.8

Generally, in the assessment of an individual’s

scholarly contributions to the literature, publication

counts are almost always used, often combined with

subjective impressions of manuscript quality. This

may be considered unfair by those being assessed,

particularly when publications in different disciplines

must be compared.

Two methods of publication quality that are

commonly used are publication citations7 and the

Institute for Scientific Information (ISI) journal Im-

pact Factor (IF). While each of these has value, nei-

ther is acceptable as absolute indicators of publica-

tion quality.7,9,10 The most common indicator, the ISI

IF, is calculated for a particular year for a specific

journal according to the formula  IF = C/A where C

=  the total cites in a particular year to articles pub-

lished in the preceding two years and A = the num-

ber of articles published in the preceding two years.

For example, to calculate the IF of the Journal

of Dental Research in 1999:

IF = 1057 cites in 1999 to articles published in 1998, 1997 = 4.556

232 articles published in 1998, 1997
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The calculation of journal IF is influenced by

a couple of factors. Articles in review journals tend

to be cited more than those in original research jour-

nals because the review articles are often used as ref-

erence sources to earlier literature. In addition, ar-

ticles in journals serving rapidly changing disciplines

such as immunology or HIV infection have higher

IFs while journals serving smaller research disci-

plines, or disciplines in which change is slower, have

lower IFs.

The University of the Witwatersrand,

Johannesburg, South Africa consists of five

multidisciplinary faculties with a total enrollment of

approximately 20,000 students and 3,000 academic

staff. Each faculty decides on promotion and research

funding within itself, a process that requires com-

parison of publications across disparate disciplines.

In the Faculty of Health Sciences the broad disci-

plines are basic sciences (anatomy and physiology),

dentistry, medicine, nursing, occupational therapy,

pharmacy, and physiotherapy. The faculty promotion

and research committees usually consider the IF of

publications when making decisions. Because of in-

fluences on the calculation of the IF mentioned ear-

lier, individuals working in certain disciplines may

be disadvantaged, while those in others may be fa-

vored. For example, the highest journal IF in the

smaller discipline of dentistry is the Journal of Den-

tal Research (IF 4.556), while in the larger discipline

of clinical medicine it is the New England Journal

of Medicine (IF 28.857).11 However, within their re-

spective disciplines, articles in both journals are

highly respected, and both have stringent standards

for manuscript acceptance.

There is a need for a method that is simple and

reasonably objective for relative, not absolute, com-

parison of article quality across biomedical disci-

plines. Ugolini et al.1,2 realized this need and based

their assessment on the IF and ISI Journal Citation

Reports (JCR) discipline categories.11 They placed

journal IFs ranked in descending order into ten equal

groupings called deciles (Dc) to produce an article

score using the formula  Dc = Nc/10 where Nc is the

number of journals in an ISI discipline category. They

rounded the results to the nearest integer and assigned

an article score from 10 to 1 in descending order of

IF. For example, if there are forty journals in a disci-

pline, the interval of each decile will be 40/10 = 4.

The four journals with the highest IF would be given

an article score of 10, the next four a score of 9, and

so on down to the baseline score of 1 for the final

four journals. Each researcher’s article may be mul-

tiplied by the article score to produce a quality

weighting if so desired.

The article scoring method of Ugolini et al.1,2

is simple and easy to use, but treats all journals

equally and does not consider an individual journal’s

IF. Distribution of IF in a discipline category is ex-

ponential, with fewer journals with a high IF than

lower IF, which is illustrated in Figure 1 for three ISI

Figure 1. Frequency distribution of journal Impact Factors in three discipline categories
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discipline categories. For example, the top four jour-

nals in a discipline may have an IF of 20, 12, 1, and

0.4, clearly indicating that they differ in perceived

quality through citation frequencies; yet all would

receive an article score of 10 with the Ugolini et al.1,2

article score method.

Our study reports the results of an investiga-

tion to see if  modification of the Ugolini et al.1,2 ar-

ticle score method would discriminate “better” be-

tween the “quality” of journal articles for relative, not

absolute, comparison of research outputs between in-

dividuals publishing across ISI discipline categories.

Methods
The 1999 science edition of ISI Journal Cita-

tion Reports11 was the information source; this is the

most recent edition at the University of the

Witwatersrand. Three biomedical discipline catego-

ries were empirically selected to cover two clinical

disciplines—dentistry (ISI category for dentistry, oral

surgery, and medicine, forty-five journals) and medi-

cine (ISI category for medicine, internal and gen-

eral, 110 journals)—plus one basic science discipline,

physiology (ISI category for physiology, seventy-four

journals). Within each category, the journals were

sorted in descending IF order and article scores as-

signed according to three methods of score calcula-

tions:

1. Jn/10. The number of journals per discipline was

divided by 10 and the result used to determine

article scores from 10 to 1 according to the

method of Ugolini et al.1,2 For the forty-five jour-

nals in the category of dentistry, the four jour-

nals with the highest IF would score 10, the next

four would score 9, the following four would

score 8, and so on down to the last journals,

which would score 1.

2. IF/10. The highest IF in a category was divided

by 10, from which result 10 class ranges were

calculated. For example, for dentistry the high-

est IF is 4.566, thus 4.566/10  = 0.457 with de-

scending class ranges for each decile from  4.566

to 4.109 (score 10), 4.109 to 3.652 (score 9),

3.652 to 3.195 (score 8), down to 0.457 to 0

(score 1). This produced a distribution skewed

to the lower article scores.

3. Log (IF+1)/10. The log distribution of article

scores was used to produce a less skewed distri-

bution of the scores. For each journal log (IF+1)

was calculated; 1 was added to each IF to avoid

negative values for those journals with an IF less

than 1. The log of the highest IF+1 was divided

by 10, and ten class ranges were determined as

before. For example, for dentistry log (4.566 +

1) = 0.745, therefore log (4.566 + 1) /10 = 0.075,

so the log class range for score 10 is 0.745 to

0.671, for score 9 is 0.671 to 0.597, for score 8

is 0.597 to 0.522, and so on down to score 1 at

0.075 to 0.

The results for the three article score calcula-

tion methods were plotted using Prism (Version 3.02,

GraphPad Software Inc, San Diego, CA, USA), a

spreadsheet-based graphing and statistical software

package.

Results
Table 1 lists the IF of the top ten journals of

the 5,550 journals across all categories in the 1999

Journal Citation Reports data file,11 as well as in the

three ISI discipline categories chosen for our study.

The variation across disciplines is clear, as are the

high IF of review journals; 4/10 of the highest IF

journals in all categories are review journals: Ann

Rev Immunol, Ann Rev Biochem, Ann Rev Dev Biol,

and Current Opinion Cell Biol. What is also evident

in this table is the relatively rapid decrease in IF from

the top two to four journals to the rest.

The percentage frequency distribution of jour-

nals within article scores by calculation method is

shown in bar chart form for dentistry in Figure 2.

The slightly alternating pattern across article score

deciles produced by dividing the number of journals

in a discipline by 10 is due to mathematical round-

ing of the class interval of 4.5, which places four

journals on one score and five in the next.

The formula IF/10 provides a distribution

strongly skewed towards the lower scores because

the journal with the highest IF sets the class inter-

vals and this IF is more than double that of the next

journal. The formula log (IF+1)/10 also produces a

distribution skewed towards the lower scores but with

a wider spread across the deciles. The percentage of

journals within the three ISI discipline categories by

calculation method is listed in Table 2. The types of

distributions produced by the three calculation meth-

ods are clear. Empirically, the most discriminating

distribution for cross-discipline comparison is with

the log distribution because the distribution is wider

across the ten scores.
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Table 1. Top ten journals according to their Impact Factors in four ISI categories

Rank All Categories IF Dentistry IF  Medicine IF Physiology IF

1 Annual Review 47.56 Journal of Dental 4.556 New England 28.857 Physiological 23.95
of Immunology Research Journal of Medicine Review

2 Annual Review 37.11 Critical Reviews in 3.353 Journal of the 11.435 Annual Review of 19.8
of Biochemistry Oral Biology and American Medical Physiology

Medicine Association

3 Cell 36.24 Journal of Clinical 1.873 Lancet 10.197 Reviews of 18.8
Periodontology Physiology

Biochemistry
and Pharmacology

4 Nature Genetics 30.69 Clinical Oral Implants 1.816 Annals of 10.097 Journal of 6.382
Internal Medicine General Physiology

5 Nature 29.49 Periodontology 2000 1.729 Annual Review 7.219 Journal of 4.552
of Medicine Physiology - London

6 New England 28.86 Caries Research 1.624 Archives of 6.705 Journal of 3.935
Journal of Medicine Internal Medicine Neurophysiology

7 Nature Medicine 26.58 Journal of 1.537 British Medical 5.143 Journal of 3.701
Periodontology Journal Biological Rhythms

8 Annual Review of 26.26 Oral Microbiology 1.526 American Journal 4.977 American Journal of 3.59
Developmental Biology and Immunology of Medicine Physiology - Renal

9 Current Opinion 25.63 International Journal 1.445 Medicine 4.723 Journal of 3.576
in Cell Biology of Oral and Vascular

Maxillofacial Implants Research

10 Science 24.6 Journal of 1.418 British Medical 3.381 American Journal 3.485
Periodontal Research Bulletin of Physiology -

Cell Physiology

Figure 2. Bar chart to show percentage article score distribution by scoring method
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Table 2. Percentage of journals in the three ISI discipline categories by article score according to the three calcula-
tion methods

Dentistry Journals  n = 45 Medicine Journals  n = 110 Physiology Journals  n = 74
Article score Jn/10 IF/10 Log (IF+1)/10 Jn/10 IF/10 Log (IF+1)/10 Jn/10 IF/10 Log (IF+1)/10

10 10 2 2 10 1 1 10 1 4
9 10 0 0 10 0 0 10 1 0
8 10 2 2 10 0 3 10 1 0
7 10 0 4 10 0 2 10 0 1
6 10 0 20 10 0 2 10 0 3
5 10 11 18 10 0 2 10 0 14
4 10 13 38 10 0 12 10 0 15
3 10 27 11 10 0 10 10 1 31
2 10 42 2 10 3 26 10 20 22
1 10 2 2 10 5 42 10 76 9

Table 3. Article scores of the top ten journals in three ISI discipline categories by the three calculation methods
(A = Jn/10, B = IF/10,  C = Log (IF+1)/10)

Dentistry A B C Medicine A B C Physiology A B C

Journal of 10 10 10 New England 10 10 10 Physiological Review 10 10 10
Dental Research Journal of Medicine

Critical Reviews 10 8 8 Journal of the 10 4 8 Annual Review 10 9 10
in Oral Biology American Medical of Physiology
and Medicine Association

Journal of Clinical 10 5 7 Lancet 10 4 8 Reviews of 10 8 10
Periodontology Physiology Biochemistry

and Pharmacology

Clinical Oral 10 5 7 Annals of 10 4 8 Journal of 10 3 7
Implants Internal Medicine General Physiology

Periodontology 9 5 6 Annual Review 10 3 7 Journal of 10 2 6
2000 of Medicine Physiology - London

Caries Research 9 5 6 Archives of 10 3 7 Journal of 10 2 6
Internal Medicine Neurophysiology

Journal of 9 5 6 British Medical 10 2 6 Journal of 10 2 6
Periodontology Journal Biological Rhythms

Oral Microbiology 9 4 6 American Journal 10 2 6 American Journal 9 2 5
and Immunology of Medicine of Physiology - Renal

International Journal 8 4 6 Medicine 10 2 6 Journal of 9 2 5
of Oral and Vascular Research
Maxillofacial Implants

Journal of 8 4 6 British Medical Bulletin 10 2 5 American Journal of 9 2 5
Periodontal Research Physiology - Cell Physiology

Scores produced with the three calculations are

shown in a different manner in Table 3. Here the top

ten journals, according to descending IF, in each cat-

egory have their article scores listed according to

calculation method. Based on subjective opinion of

the journals listed, the Jn/101,2 method rates the jour-

nals too highly; IF/10 is too harsh; but log (IF+1)/10

produces a distribution that would fit subjective im-

pressions of journals to judge from the responses of

many colleagues to whom the scoring methods have

been presented.

Discussion
There is no absolute bibliometric comparison

of published article quality that is generally accepted.

Many systems have been used with various justifi-

cations. In nonmedical disciplines, for example, as-

sessment of articles in economics has been with page

counts,12 and in accounting it has been citation analy-

sis, weighting by peer ranking of journals and article

counts.13 In biomedical disciplines, most publications
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on research productivity have been concerned with

research output of groups and institutions; they typi-

cally use expenditure,14 research impact,15 combina-

tions of student/staff numbers and expenditures,5 and

measures such as numbers of authors and byline po-

sition.6,16

A convenient measure that is readily available

for biomedical research is the ISI Impact Factor,11

which is a way of indirectly measuring reader re-

sponse to articles in a particular journal. The IF cal-

culation favors general journals over specialist, re-

view journals over journals with no reviews, journals

that publish frequently over infrequent journals, and

journals in large disciplines over journals in small

disciplines.17 This accounts for the variation in IF

values among disciplines.

The principle of using an article score across

ten intervals places journal articles into ten “boxes,”

so to speak. Comparison across disciplines therefore

compares the “box” into which a journal article is

placed, not the IF of the publishing journal. Relative

comparison will show, therefore, that one individual

may be publishing in the top score category of his or

her discipline compared to another person who is

mostly publishing in a much lower category. This

should aid decision making on promotion and re-

search grants.

While there are critics of the IF,10,17-19 as a mea-

sure of absolute quality, including the originator of

the IF,9 it is a reasonable basis for relative compari-

sons across disciplines, particularly since IF are avail-

able and the calculation method is clear even if some

feel the data base for the calculation is imperfect.10

Ugolini et al.1,2 understood this, and their decision to

use an article score seems fair. Such a score encour-

ages quality of output and enables comparison be-

tween individuals working in the same field and be-

tween individuals working in different fields. An

advantage of a transparent system of comparison is

that it may encourage researchers to publish fewer

papers close to the least publishable unit16 in favor of

higher-quality work. This would fulfill Altman’s plea

for “less research, better research and research done

for the right reasons.”3

Conclusion
Which of the three methods of article score

calculation we have presented may be used for rela-

tive comparisons is a personal choice. We favor the

log (IF+1)/10 calculation because the frequency dis-

tribution per article score decile is wider and fits our

subjective perception of journal quality better than

the other two methods. The calculation is easily done,

especially if placed on a spreadsheet that requires

the entry only of the highest IF in a category fol-

lowed by the IF of an individual journal in order to

calculate the article score. The article score may be

used as a weighting to calculate a total publication

score for an individual over a specified period; or

one may present results as the proportion of publica-

tions in the top 10 percent of journals in a category,

that is those with a score of 10, and so on. It must

never be used as an absolute measure of the contri-

bution of an individual to knowledge.
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