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Abstract

In a recent article Sombatsompop, Markpin and Premkamolnetr (2004) proposed a new way of calculating a synchronous journal impact factor. Their proposal seems quite interesting and will be discussed in this note. Their index will be referred as the Median Impact Factor (MIF). I explain every step in detail so that readers with little mathematical background can understand and apply the procedure. Illustrations of the procedure are presented. Some attention is given to the estimation of the median cited age in case it is larger than ten year. I think the idea introduced by Sombatsompop, Markpin and Premkamolnetr has a great theoretical value as they are – to the best of my knowledge – the first ones to consider impact factors not using years as a basic ingredient, but an element of the actual form of the citation curve. The MIF is further generalized to the notion of a percentile impact factor.
Introduction

In a recent article SOMBATSOMPOP, MARKPIN and PREMKAMOLNETR (2004), three scientists from Bangkok (Thailand), proposed a new way of calculating a journal impact factor, called the CHAL impact factor, an abbreviation for ‘cited half-life’ impact factor. As I have objections against the term ‘half-life’ I have renamed it Median Impact Factor. They propose the following definition of a journal impact factor.
Definition in words (adapted from the original formulation)
The median impact factor (of a journal) is defined as the ratio of the number of times cited in the current year of articles published in the previous XM years, to the number of articles published in the previous XM years, the XM value being equal to the value of the median cited age (cited half-life in JCR terminology) of the journal in the current year. The median cited age, XM, is calculated as a rational number. 

As the median cited age is by definition the moment in time when half of all citations in a particular year are received, the numerator of this ratio can simply be defined as half of the total number of citations received in the current year.
Notation
The Median Impact Factor of journal J in year Y is denoted by MIFJ(Y). The index J will usually be omitted.
The definition of the Median Impact Factor is most clearly, i.e. non-ambiguously, presented in a mathematical form.
Mathematical definition of the Median Impact Factor
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where TOTJ(Y) denotes the total number of citations received by journal J in the year Y (citations to all articles published in this journal), XM is the median cited age and CPUBJ(Z1,Z2) denotes the cumulative number of articles published by journal J during the period [Z1,Z2]. Note that the term ‘previous years’ is interpreted as including the year of publication. This seems to be the only reasonable interpretation in the context of the median age concept.
Some observations about the mathematical formulation
The largest integer smaller than or equal to a real number r is denoted as floor(r). The function mapping a real number r to floor(r) is known in the mathematical literature as the floor function (EISELE & HADELER, 1990). Some examples: floor(2.3) = 2, floor(π) = 3, floor(6) = 6, floor(0.2345)=0, floor(0)=0, floor(-0.5)= -1. 

Denoting CITJ(Y,Z) as the number of citations received by journal J (from a specific pool of journals) in the year Y of articles  published in the year Z (clearly Z ≤ Y), and PUBJ(Z) as the number of articles published in journal J in the year Z, the cumulative number of citations received by journal J in the year Y, of articles published in the period [Z1,Z2], Z1 ≤ Z2, is denoted as CCITJ(Y,Z1,Z2). Similarly, the cumulative number of articles published by journal J during the period [Z1,Z2] is denoted as CPUBJ(Z1,Z2). 

Using these notations TOT(Y) can be written as:
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The Median Impact Factor can now be written in the following mathematical form:
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The median cited age, XM, is a rational number, not necessarily a natural number. In the following section I recall how to find the median cited age.
The epsilons in formula (3) are calculated as follows (through linear interpolation):
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Relations (2) and (3) are mathematical formulations of the definition as stated in (SOMBATSOMPOP et al.,2004). Clearly, if XM is a natural number, MIFJ(Y) is basically a synchronous impact factor (ROUSSEAU, 1988; INGWERSEN et al., 2001; FRANDSEN & ROUSSEAU, 2005). Differences are that Rousseau does not include the publication year (j = 0 in formula (2)) - but Frandsen-Rousseau do consider such a situation -, and that the synchronous impact factor is only defined for a summation over natural numbers. As ISI’s 2-year impact factor is a synchronous impact factor, the approach proposed by my Thai colleagues can be considered as – yet another - generalisation of ISI’s impact factor.
Some observations concerning the median cited age
Before proceeding with the determination of XM I would like to recall why the term ‘half-life’ is not really appropriate. Graphs of citations received versus publication age are vaguely reminiscent of a decay process, as, for instance, radioactive decay. Such decay processes can be described by a decreasing exponential function, and in such a situation the original number of unstable nuclei is reduced to one-half after a certain amount of time, known in the physical literature as the half-time T. After 2T the number of unstable nuclei is reduced to one-fourth, after 3T it is reduced to one-eight, and so on (ALONSO & FINN, 1969, p. 331). Only when the curve describing a process is an exponential one this regularity is true. If the function is not an exponential one, as for most citation processes, the general statistical term, median, should be used (BURTON & GREEN, 1961), as cited in (SZÁVA-KOVÁTS, 2002), see also (SEYMOUR, 1972a,b). 
The term observed journal citation curve can have at least four meanings. It may refer to a cited or to a citing curve. The term ‘cited’ refers to citations received by the journal’s articles, while the term ‘citing’ refer to the references used in the journal under consideration. In this article I deal with a ‘cited’ curve. Next, one can consider a diachronous and a synchronous approach. In a synchronous approach one considers a fixed citation year, as in the yearly issues of the Journal Citation Reports. This is the case considered here. In a diachronous approach, one considers a fixed publication year and studies the citation distribution of articles published in that year. In this case the real median cited age can only be estimated, as it is always possible that in the future new citations will be given. FROHLICH and RESLER (2001) discuss how such estimates can be obtained. 
Hence, the median cited age, XM, is the time (expressed in years) – going back to the past - corresponding to the moment in time when TOT/2 citations are received. Usually this moment will fall between years. The rational number XM is then determined by linear interpolation. Using linear interpolation means that all citations received during a particular year Y1 (at any moment during that year) are considered to be uniformly distributed over the year. In this way a known discrete distribution is effectively transformed into a continuous one. An example will clarify the procedure.
One of the journals considered by my Thai colleagues is the journal Polymer Testing. I will use it to illustrate the different steps in the procedure leading to the derivation of the Median Impact Factor. All data are obtained from ISI’s Journal Citation Reports (JCR), and I assume that the data in the JCR are correct. Note that different JCR volumes are necessary in order to find the number of articles published in this journal. Given the way the JCR is organized nowadays this may be considered as a practical drawback of any approach based on the median.
The journal Polymer Testing had an impact factor of 0.590 in the year 2001. It received a total number of 278 citations (TOT(2001) = 278). According to the JCR the median cited age (cited half-life) is 4.4. This is obtained as follows. The third row of Table 1 gives the number of citations received in 2001 by articles published in the year indicated in the first row. The fourth row gives the cumulative percentage of citations received: 16/278 = 0.05755 = 5.76%; (16+51)/278 = 0.24101 = 24.10%; (16+51+31)/278=0.35252 = 35.25%, and so on.
Table 1 Basic data for the calculation of the 2001 MIF of Polymer Testing (data from the JCR)
	Year
	2001
	2000
	1999
	1998
	1997
	1996

	Published articles
	116
	88
	51
	46
	48
	45

	Citations received in 2001
	16
	51
	31
	26
	34
	20

	Cumulative percentage
	5.76
	24.10
	35.25
	44.60
	56.83
	64.03


Clearly, 50% (this is the median) is attained somewhere between the 4th and the 5th year.  Fifty percent of the total number of citations in the year 2001 is 278/2 = 139. The cumulative number of citations of articles published during the first four most recent years is 16+51+31+26= 124. As (139-124) = 15 is 0.44 of 34, the median citation age is 4.44 (rounded in the JCR to 4.4). Note that the number 15 is the value of εc (formula (3)) in this particular case.
Recall that knowledge of the median cited year XM = 4.44 is not necessary for the numerator of the MIF as it is already known to be 278/2 = 139. I do need XM  however to determine the denominator. The number of articles published during the most recent four years in Polymer Testing is 116+88+51+46 = 301 (see row two of Table 1). Finally 0.44 x 48 = 21.12 (the εp in formula (3) for this case) is added to this number, yielding 322.12. This is the denominator for the calculation of the MIF. Hence the 2001 MIF of Polymer Testing is 139/322.12 = 0.432, which is strictly smaller than the ISI impact factor (0.590).
As another illustration I will derive the 2003 MIF of Scientometrics (again I assume that the JCR data are correct). Scientometrics received a total number of 1012 citations in the year 2003 (TOT(2003) = 1012). According to the JCR the median cited age is 6.5. Table 2 shows the basic data necessary for the calculations. 

The median is attained somewhere between the 6th and the 7th year (see row four of Table 2). The cumulative number of citations received by articles published during the six most recent years is 472. As (506-472) = 34 is 0.53 of 64, the median citation age is 6.53 (rounded in the JCR to 6.5). The number of articles published during the most recent six years in Scientometrics is 552 (see row two of Table 2). Finally 0.53 x 75 = 39.75 is added to this number, yielding 591.75. This is the denominator for the calculation of the MIF. It is concluded that the 2003 MIF of Scientometrics is 506/591.75 = 0.855, a value which is smaller than the corresponding ISI impact factor (1.251).

Table 2 Basic data for the calculation of the 2003 MIF of Scientometrics (data from the JCR)
	Year

(rank)
	2003

(1)
	2002

(2)
	2001

(3)
	2000

(4)
	1999

(5)
	1998

(6)
	1997

(7)
	1996

(8)

	Published articles
	83
	84
	91
	82
	128
	84
	75
	87

	Citations received in 2003
	22
	96
	123
	85
	68
	78
	64
	62

	Cumulative percentage
	2.17
	11.66
	23.81
	32.21
	38.93
	46.15
	52.47
	59.09


How to determine the median cited age, XM , in the case it is larger than 10.
BROOKES (1970,1971) proposed a simple procedure for estimating the so-called aging factor, and hence the median cited age. This procedure is also explained in (EGGHE & ROUSSEAU, 1990). Brookes’ procedure is based on the idea that after the first years citation curves can be approximated by a decreasing exponential curve of the form y(t) = C0at, where a is called the aging factor, and t denotes time. The ageing factor is then approximated by:  
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where i denotes a number of years, and ki denotes the cumulative number of citations received by papers published at least i years ago. I propose to calculate the ageing factor a as the average of the values obtained by taking i = 6,7,8,9. Once the ageing factor a is known then the median cited age, XM, is found as (EGGHE & ROUSSEAU, 1990): 
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Alternatively one may try to fit a lognormal or Weibull distribution based on the data for the most recent ten years. This is not a simple procedure, and, in my opinion, not worth the trouble, unless a program would be available.
An example: the 2003 MIF of the Australian Journal of Agricultural Research.
For simplicity’s sake I will only use Brookes’ procedure; data are shown in Table 3. The total number of citations received in the year 2003 is 3034. Brookes’ procedure as explained above yields the following estimates: 

- if i = 6, then a = (0.6763) (1/6) = 0.9369
- if i = 7, then a = (0.6279) (1/7) = 0.9357

- if i = 8 then a = (0.5913) (1/8) = 0.9364
- if i = 9 then a = (0.5530) (1/9) = 0.9363

These four calculations lead to an average value of a = 0.9363, and hence an estimated median cited age of XM  = – ln(2)/ln(0.9363) = 10.53.
Table 3 Basic data for the calculation of the 2003 MIF of the Australian Journal of Agricultural Research (data from the JCR)
	Year
	2003
	2002
	2001
	2000
	1999
	1998

	Published articles
	134
	137
	133
	95
	160
	132

	Citations received in 2003
	167
	104
	233
	123
	190
	165

	Cumulative percentage
	5.5
	8.9
	16.6
	20.7
	26.9
	32.4

	
	
	
	
	
	
	

	Year
	1997
	1996
	1995
	1994
	1993
	1992

	Published articles
	131
	95
	120
	136
	105
	94

	Citations received in 2003
	147
	111
	116
	111
	
	

	Cumulative percentage
	37.2
	40.9
	44.7
	48.4
	
	


The number of articles published during the most recent 10 years in the Australian Journal of Agricultural Research is 1273. Adding 0.53 x 105 = 55.65 to this number, yields a total of 1328.65. This is the denominator for the calculation of the MIF. It is concluded that the 2003 MIF of the Australian Journal of Agricultural Research is 1517/1328.65 = 1.142, a value which is again smaller than the corresponding ISI impact factor (namely 1.248).

In their article my Thai colleagues (SOMBATSOMPOP et al., 2004) do not use an exact or estimated median cited age, when it is larger than 10, but simply replace it by 10. This procedure gives an overestimate of the true MIF as the numerator is correct, but the denominator is too small. 
The relation between the Median Impact Factor and the total number of citations (TOT)
My Thai colleagues require their impact factor to be positively correlated with the total number of citations. Note that the relation between the MIF and TOT is not linear, although it appears so at first sight (formula (1)). The reason is that the denominator is not constant, but depends on XM. Strictly speaking there is no positive linear relation between MIF and the total number of citations (TOT). Indeed, consider the following table of citation data for a (hypothetical) journal (Table 4). Y denotes a year, the top row denotes the age of the cited articles 
Table 4. Hypothetical citation data for a journal, in two consecutive years
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Cit Y
	4
	4
	4
	4
	0
	1
	2
	3
	3
	3
	4
	0

	Cit Y+1
	4
	4
	4
	4
	0
	2
	3
	3
	12
	8
	4
	0


Median Y: 4 year

TOT(Y): 32
Median Y+1: 8 year

TOT(Y+1): 48  (an increase of 50%)

I assume a fixed number of publications, equal to 10 each year. Then 
MIF(Y) =  16/40 = 0.4

MIF(Y+1) = 24/80 = 0.3

In this example the total number of citations increases by 50 percent but the Median Impact Factor decreases by 25 %.This is not a marginal difference at all, but a substantial one. I do admit that this example is of a purely theoretical nature, and that in practice, taking the general form of a citation distribution into account, there probably is a positive correlation between MIF and TOT.
Remark

In their article my Thai colleagues actually use another calculation method. (I thank them for the explanation of their procedure.) They use numbers of publications and citations referring to the period [Y-X-1,Y-1]. In this way the impact factor of the journal Polymer Testing for the year 2001 becomes 
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I do not agree with this approach as the median cited age is, by definition, calculated including the year Y. Hence I see no reason to remove the data for the year Y from the calculations of an impact factor based on the median. I admit though that ISI’s two-year impact factor does not take the year Y into account, but then this impact factor bears no relation with the median cited age either. 
A generalization: percentile impact factors

The median impact factor is based, as its name suggests, on the median cited age. Yet, the median refers to only one point of a citation distribution. It is hence straightforward to define other percentile impact factors. A general p-percentile (0 < p < 1) impact factor is defined as

[image: image8.wmf].()

()

(,)

J

J

Jp

pTOTY

pIFY

CPUBYXY

=

-

                                                 (6)

where TOTJ(Y) denotes the total number of citations received by journal J in the year Y (citations to all articles published in this journal), Xp is by definition the moment (going backwards in time) when px100 percent of all citations in a particular year are received.
As an example we calculated percentile impact factors for the journal Scientometrics (2003), see Table 5 (data for the calculations are taken from Table 2). The most interesting of these new impact factors are probably the one associated with the first quartile and the maximum among all percentile impact factors (indicated in bold in Table 5). Recall that the idea of taking the maximum among a set of related impact factors was already suggested in (Rousseau, 1988). 
Table 5 Percentile impact factors for the journal Scientometrics (2003)

	Percentile (p)
	Corresponding cumulative number of citations
	Xp
	Corresponding cumulative number of publications
	pIF

	0.05
	50.6
	1.30
	108.0
	0.47

	0.10
	101.2
	1.83
	152.3
	0.66

	0.15
	151.8
	2.27
	192.0
	0.79

	0.20
	202.4
	2.69
	229.4
	0.88

	0.25
	253.0
	3.14
	269.6
	0.94

	0.30
	303.6
	3.74
	318.4
	0.95

	0.35
	354.2
	4.41
	393.1
	0.90

	0.40
	404.8
	5.14
	479.6
	0.84

	0.45
	455.4
	5.79
	534.1
	0.85

	0.50
	506.0
	6.53
	591.8
	0.86

	0.55
	556.6
	7.33
	655.9
	0.85


Egghe’s continuous synchronous impact factor and its relation to the Median Impact Factor
Although impact factors are in practice always determined based on discrete data, it is not difficult to define a continuous version, for which the synchronous impact factor, denoted as IF(t), becomes a function of the continuous variable t. The variable t denotes time, where t = 0 coincides with the year Y for which the impact factor is calculated, and t increases in the direction of the past.  Egghe (1988) then defines IF(t) as follows:
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where c(t) denotes the continuous analogue of the number of citations, and p(t) denotes the continuous analogue of the number of publications. IF(XM ), with XM the mean cited age, is then simply the continuous MIF. In (EGGHE, 1988) the author proves that if c(t)/p(t) has exactly one local maximum, and one local minimum (for t = 0), then IF(t) must also decrease from a certain point t1 on. This assumption is quite natural for a continuous description. Hence one may say that the continuous synchronous impact factor is, after a certain initial period, a decreasing function of t. This result leads to the following two observations.
Observation A. As the median cited age is usually larger than 3, MIF = IF(XM) may be expected to be smaller than ISI’s impact factor. In the three examples calculated here it was observed that indeed the MIF is smaller than the ISI impact factor. This is no surprise in view of the preceding theory (Egghe,1988).

Observation B. Generally, domains with high impact factors are also domains with a short median cited age. Because IF(t) decreases, this implies that it is not clear that using the MIF leads to a relative decrease of the difference in impact between domains. I leave this as an open problem.
The median cited age is in the continuous approach defined through the relation:
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. It is now clear that general fractional impact factors can be defined using the same approach. Let 0 ≤ f ≤ 1, and define Xf through the relation:
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. Then IF(Xf) is a general fractional impact factor. In a normalized form these impact factors have been introduced by Egghe (2004) under the name of fractional relative impact factors.

Conclusion
As is Garfield’s impact factor (GARFIELD & SHER, 1963) so is also the Median Impact Factor an ad hoc proposal. Indeed, it is based on one single point of the citation curve. Yet, it is a very reasonable proposal, which deserves a chance. It has the property of taking an element of the shape of actual citation curves into account.  Of course, it is certainly not meant to replace the ISI impact factor, but rather to complement it. I hope that colleagues will use this note in order to further investigate pros and cons of the Median Impact Factor. In this way it could become a tool, among many other ones, in the study and evaluation of scientific serials (GLÄNZEL & SCHOEPFLIN, 1999; McCAIN, 1997; ROUSSEAU, 2002).
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