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Abstract.  

 

Background: Journal impact factors and their ranks are used widely by 

journals, researchers, and research assessment exercises. 

Methods: Based on citations to journals in research and experimental 

medicine in 2005, Markov chain Monte Carlo methods were used to estimate 

the uncertainty associated with these journal performance indicators.  

Results: Intervals representing plausible ranges of values for journal impact 

factor ranks indicated that most journals cannot be ranked with great 

precision. Only the top and bottom few journals could place any confidence in 

their rank position. Intervals were wider and overlapping for most journals. 

Conclusion: Decisions placed on journal impact factors are potentially 

misleading where the uncertainty associated with the measure is ignored. This 

article proposes that caution should be exercised in the interpretation of 

journal impact factors and their ranks, and specifically that a measure of 

uncertainty should be routinely presented alongside the point estimate. 

 



Background 

 

Journal citation reports are used widely as the basis for assessing research output. 

They are used by funding bodies to gauge the quality of publications, by researchers 

to assess which journals they choose to submit manuscripts to, and as a basis for 

journals to attract new subscriptions and advertising [1]. In addition, current 

discussion surrounding the future nature of the UK Research Assessment Exercise 

(RAE) involves greater use of such bibliometric data [2,3]. The journal impact factor 

is the most widely cited bibliometric tool used to characterise journals. It was 

originally proposed 50 years ago as a measure of the impact that individual articles 

have on the research community [4], but it is now more commonly used across all 

articles published by a journal to provide a measure of a journal’s impact on the 

research community rather than the impact of an individual article [5]. The journal 

impact factor is thus calculated as the number of citations a journal has received in the 

last complete year for articles published in the two preceding years, divided by the 

total number of articles the journal published in the two preceding years. So it gives 

an average number of citations of published articles, without giving any unfair 

advantage to the larger or more frequently published journals. 

 

Many journals have taken to quoting their impact factor rank compared with other 

journals in the same field [1,5]. For example, Nature Medicine, with a journal impact 

factor of 28.9 is currently ranked number one in terms of its impact factor in the field 

of research and experimental medicine based on the 2005 Journal Citation Reports, 

whilst BMC Medical Research Methodology currently advertises an unofficial journal 

impact factor of 1.58 based on citations in 2006, which would rank it approximately 



45
th
 compared to other journals’ citations reported in 2005. There has been 

considerable discussion regarding the merits and weaknesses of the journal impact 

factor [1,6-17] but very little comment on the precision with which they are quoted 

[1,18,19]. The journal performance indicators and their ranks are used without regard 

to the uncertainty attached to their estimation, violating many journals’ own 

guidelines for presentation of point estimates within the research articles that they 

publish [20]. Previous studies have shown that when confidence intervals are used for 

performance indicators, especially for ranks, the degree of uncertainty associated with 

such estimates is such that very little credence can be given to them [21-24]. In this 

article the strength of evidence for the ranking of journals is investigated for the 

journal citation reports category of “medicine, research and experimental”, based on 

citations in the most recent complete year of Journal Citation Reports, 2005. 

 

 

Methods 

 

The number of citations in 2005 to articles published in 2003 and 2004, and the 

number of articles published in 2003 and 2004 was sourced from the Web of Science 

[25] for all journals listed under the category of “medicine, research and 

experimental”.  

 

A random effects Poisson model allowing for over-dispersion was fitted within a 

Bayesian framework using Markov chain Monte Carlo (MCMC) methods in 

WinBUGS 1.4 [26]. This overcomes problems of small samples by pooling 

information from each journal and provides more reliable estimates [23,27]. The 



observed frequency of citations Oi for journal i in the two years preceding the year the 

journal impact factor refers to was assumed to follow a Poisson distribution. If ni is 

the number of articles published by journal i during that time period, and λi is the 

mean citation rate per article for journal i (the journal impact factor), then we assume 

the model Oi ~ Pois(λini), where ln(λi) = λ + υi  and random effect υi ~ N(0, σ
2
) to 

allow for over-dispersion.   

 

Minimally informative but proper priors were placed on λ (the mean citation rate) ~ 

N(0.01, 1000). The precision of the random effect (1/σ
2
) was given an uninformative 

gamma prior ~ Γ(0.001, 0.001). In this way the heterogeneity between journals is 

modelled and the underlying distribution of citation rates can be characterised. Using 

MCMC it was also possible to rank the parameter realizations from the posterior 

distribution to give mean or median ranks with associated 95% credible intervals. The 

credible interval indicates the plausible range of values within which the true journal 

rank lies and is the Bayesian equivalent of a confidence interval.  

 

 

Results 

 

Convergence to a stationary distribution appeared to be achieved after a 25,000 update 

burn-in. Adequate mixing and convergence was confirmed by assessment of trace 

plots and Brooks-Gelman-Rubin statistics [28]. This was followed by a further 50,000 

updates for each chain to give Monte Carlo error for each parameter of interest less 

than 5 percent of the sample standard deviation. The uncertainty associated with each 

journal impact factor, provided by 95% credible intervals, is shown for research and 



experimental medicine journals in figure 1. The intervals overlap for a large 

proportion of the journals. The ranks associated with each journal impact factor are 

shown in figure 2. Again, there is considerable overlap of the plausible range of ranks 

for all journals other than those in the top or bottom few ranks.  

 

Over all journals, the mean width of 95% credible interval for the journal impact 

factor ranks is 7 places, with the widest plausible range of ranks being 15 places for 

one journal. The credible intervals for the journals ranked in the top three are narrow 

and the top journal has a 95% credible interval of (1 to 1). For the middle ranked 

journals the intervals are somewhat wider, with greater overlap.  

 

 

Discussion 

 

The top three journals can be confident that their impact factor rank is fairly precise, 

with the top journals having no overlap with the lesser journals. For the majority of 

journals further down the table, the ranking of journals with lower impact factors has 

less certainty attached to it and their ranking can only be confidently placed within 

quite a wide range. For example, a journal’s impact factor ranking could easily vary 

by 10 or so positions, without implying any meaningful change in citation 

performance. 

 

The width of intervals for other research areas will depend in part on the number of 

citations, reflecting the activity in the research community. For example, for journals 

in the field of probability and statistics a journal’s impact factor ranking could easily 



vary by 20 or 30 positions, equivalent to ranging over one quarter or one third of the 

table. Other bibliometric measures, such as the immediacy index, are based on 

citations in a shorter period of time. These measures will have much wider credible 

intervals around their estimates, and wide overlapping credible intervals around their 

ranks. 

 

It is now well established that ranking institutional performance such as school 

examination scores or hospital mortality rates, and ranking individual performance 

such as a surgeon’s success rate, is subject to considerable uncertainty [21-24]. This 

uncertainty must be taken into account before comparison can be made and inferences 

drawn [21,22,24]. The Royal Statistical Society has itself published guidelines on the 

use of such performance indicators, stating that “league tables without demonstration 

of ranking uncertainty should be avoided and, even with uncertainty incorporated, 

such tables should be used with considerable caution” [29]. The journal impact factor 

is analogous to a performance indicator for journals, and as such many of the 

recommendations for performance indicators could equally be applied to the use of 

journal impact factors. In particular, a measure of uncertainty should be presented 

alongside a journal impact factor ranking.  

 

The figures presented appear to show less uncertainty in the ranks, and associated 

narrower plausible ranges around the ranks, than those investigated to date in the field 

of institutional performance. This is because of the large number of citations that 

some journals receive. However, this will depend to a large extent on the research 

discipline covered by the journal, and some disciplines may demonstrate greater or 

less uncertainty than the category of research and experimental medicine. For 



example, in the category of probability and statistics, intervals are much wider, 

demonstrating greater uncertainty in the estimates. 

 

Many medical journals are signatories to the uniform requirements for manuscripts 

submitted to biomedical journals [20]. These state that measures of uncertainty, such 

as confidence intervals, should be presented alongside estimates. This is echoed by 

most modern textbooks on research methods in medicine. Given that important 

funding and employment decisions are often based on the estimated impact factors of 

journals in which researchers publish their work, and on the journal impact factor 

ranks, an additional useful tool for the researcher would be to know how much 

uncertainty existed in the bibliometric measure on which they base their decisions. 

This article therefore proposes that a plausible range, such as a credible interval, be 

used alongside the estimated journal impact factor and its rank. 

 

This proposal also applies to other journal performance indicators that may be used. 

For example, the immediacy index is the number of citations received by a journal in 

the last complete year, divided by the number of articles published by that journal in 

that year. It therefore gives a measure of how quickly articles from a journal are cited. 

Like the journal impact factor, it avoids any advantage to larger journals, but it may 

advantage those that publish more frequently. This measure has more uncertainty 

associated with it than for the journal impact factor (data not shown) because it is 

based on a shorter time period. Even if only broad banding of journal immediacy 

index ranks are used, most journals outside the top ones could not confidently identify 

whether they were ranked in the top or bottom halves of the table. 

 



 

Conclusion 

 

There are strong similarities between the use of journal impact factor ranks and the 

league tables used to present performance indicators for hospitals and schools [21-

24,29]. Both suffer from the potential for comparisons based on ranks to be 

misleading. The strength of the work presented in this paper is to quantify the lack of 

precision in journal impact factor ranks and highlight the care that must be taken in 

their use. 

 

The implication for journals, researchers and advertisers is that only limited 

confidence should be placed on the ranking of these indicators. Decisions placed on 

such measures are potentially misleading where the uncertainty associated with the 

measure is ignored. Journals should follow their own guidelines for presenting data 

[20] by including a measure of uncertainty when quoting performance indicators such 

as the journal impact factor or immediacy index. 



Competing interests 

The author declares that he has no competing interests. 

 

Author’s contribution 

DCG conceived the study, analysed and interpreted all data. DCG drafted the paper 

and approved the final manuscript.  

 

Acknowledgements 

I thank Samuel Manda and Mark Gilthorpe for helpful comments. 

 

 

 

 



References 

 

 1.  Smith R: Commentary: The power of the unrelenting impact factor--Is it a 

force for good or harm? Int J Epidemiol 2006, 35: 1129-1130. 

 2.  HM Treasury: Science and innovation investment framework 2004-2014: next 

steps. London; 2006. [http://www.hm-

treasury.gov.uk/media/1E1/5E/bud06_science_332.pdf]. 

 3.  Department for Education and Skills: Reform of higher education research 

assessment and funding. London; 2006. 

[http://www.dfes.gov.uk/consultations/conResults.cfm?consultationId=1404] 

 4.  Garfield E: Citation Indexes for Science - New Dimension in Documentation 

Through Association of Ideas. Science 1955, 122: 108-111. 

 5.  Garfield E: Citation Analysis As A Tool in Journal Evaluation - Journals 

Can be Ranked by Frequency and Impact of Citations for Science Policy 

Studies. Science 1972, 178: 471-479. 

 6.  Janke NC, Bide RW, Garfield E: Journal Evaluation. Science 1973, 182: 1196-

1198. 

 7.  Wade N: Citation Analysis: A New Tool for Science Administrators. Science 

1975, 188: 429-432. 

 8.  Klerer M, Hanley HJM, Arditti J, Machol RE: Citation Analysis. Science 1975, 

188: 1064. 

 9.  Garfield E, Cawkell AE: Citation Analysis Studies. Science 1975, 189: 397. 

 10.  Tainer JA, Abt HA, Hargens LL, Bott DM, Lancaster FW, Pannell JH et al.: 

Science, Citation, and Funding. Science 1991, 251: 1408-1411. 

 11.  Warner J: A critical review of the application of citation studies to the 

Research Assessment Exercises. Journal of Information Science 2000, 26: 

453-459. 

 12.  Porta M, Liu JLY: Quality of impact factors of general medical journals. 

BMJ 2003, 326: 931. 

 13.  Seglen PO: Citation Frequency and Journal Impact - Valid Indicators of 

Scientific Quality? J Intern Med 1991, 229: 109-111. 

 14.  Joseph KS: Quality of impact factors of general medical journals. BMJ 2003, 

326: 283. 

 15.  Ebrahim S: Entelechy, citation indexes, and the association of ideas. Int J 

Epidemiol 2006, 35: 1117-1118. 



 16.  Porta M, Fernandez E, Bolumar F: Commentary: The 'bibliographic impact 

factor' and the still uncharted sociology of epidemiology. Int J Epidemiol 

2006, 35: 1130-1135. 

 17.  Williams G: Should we ditch impact factors? BMJ 2007, 334: 568. 

 18.  Seglen PO: The Skewness of Science. J Am Soc Inform Science 1992, 43: 628-

638. 

 19.  Rostami-Hodjegan A, Tucker GT: Journal impact factors: a 'bioequivalence' 

issue? British Journal of Clinical Pharmacology 2001, 51: 111-117. 

 20.  International Committee of Medical Journal Editors: Uniform requirements 

for manuscripts submitted to biomedical journals. International Committee 

of Medical Journal Editors. Med Educ 1999, 33: 66-78. 

 21.  Goldstein H, Spiegelhalter DJ: League tables and their limitations: Statistical 

issues in comparisons of institutional performance. J Royal Stat Soc (A) 

1996, 159: 385-409. 

 22.  Marshall EC, Spiegelhalter DJ: Reliability of league tables of in vitro 

fertilisation clinics: retrospective analysis of live birth rates. BMJ 1998, 316: 

1701-1704. 

 23.  Marshall EC, Spiegelhalter DJ: Comparing institutional performance using 

Markov chain Monte Carlo methods. In Statistical analysis of medical data: 

new developments. Edited by Everitt BS, Dunn G. London: Arnold; 1998:229-

249. 

 24.  Marshall EC, Spiegelhalter DJ: Institutional performance. In Multilevel 

modelling of health statistics. Edited by Leyland AH, Goldstein H. Chichester: 

John Wiley & Sons; 2001:127-142. 

 25.  Thomson Scientific: Web of Science. 2006. [http://wos.mimas.ac.uk] 

 26.  Spiegelhalter DJ, Thomas A, Best NG, Lunn D: WinBUGS user manual: version 

1.4.1. Cambridge: MRC Biostatistics Unit; 2004. 

 27.  Gilks WR, Richardson S, Spiegelhalter DJ: Markov chain monte carlo in 

practice. London: Chapman & Hall; 1996. 

 28.  Brooks SP, Gelman A: Alternative methods for monitoring convergence of 

iterative simulations. J Comput Graph Stat 1998, 7: 434-455. 

 29.  Bird SM, Cox D, Farewell VT, Goldstein H, Holt T, Smith PC: Performance 

indicators: Good, bad, and ugly. J Royal Stat Soc (A) 2005, 168: 1-27. 

 

 



Figure legends 

 

Figure 1. Journal impact factor with 95% credible interval for journals in research and 

experimental medicine. 

Source: Web of Science, Thomson Scientific, accessed April 3, 2007. 

 

Figure 2. Rank of journal impact factor with 95% credible interval for journals in 

research and experimental medicine. 

Source: Web of Science, Thomson Scientific, accessed April 3, 2007. 
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