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Abstract 

Garfield defined t h e  impact factor of a journal a s  t h e  rat io  of t h e  
number of citations which this journal receives in t h e  course of a 
given year to the number of articles published by tha t  journal within 
t h e  two preceding years. 
We chose t h e  field of pure mathematics for a n  experiment t o  see  how 
impact factors change when calculated in another way. 
We f i rs t  derive some mathematical formulae on raw da ta  for impact 
factors. Then we present our results on impact factors for pure 
mathematics journals when calculated over several years and we study 
the orderings resulting from these impact factors. We moreover study 
the relation between mathematics journals and some life sciences 
journals (with comparable 2-year impact factors). 

I INTRODUCTION 

Ever since his f i rs t  citation studies of scientific journals Garfield has used the 
2-year impact factor  t o  order journals according t o  their importance [3]. This 
impact factor is defined a s  t h e  rat io  of the number of citations which a journal 
receives in the course of a given year t o  t h e  number of articles published by 
that  journal within the two preceding calendar years. 
Althwgh t h e  reason fo r  this choice is well-known, (namely tha t  in many fields 
such a s  chemistry and l i fe  sciences, papers receive t h e  most citations 
approximately two years a f t e r  their publication) we do not fee l  very happy with 
this choice. Indeed, Garfield [4] also remarked that  impact factors for journals 
in fields where citation of older li terature is  more common than in others, a re  
likely t o  increase if calculated over other t ime intervals. 
As t h e  field of pure mathematics is  known t o  us, we have chosen i t  for a n  
e x ~ e r i m e n t  t o  see  how imoact factors chanee when calculated in another wav 
t h i n  is  customary. Most 'data we use come for t h e  Journal Citation ~ e p r t ;  
section of lSPs Science Citation Index. 
In t h e  first  section we give some simple mathematical results on raw da ta  fo r  
impact factors. In the second sec t ion  we present our results on impact factors 
for pure mathematics journals, when calculated over several years and in the 
third section we study the orderings ("pecking order of journals" (51) resulting 
from there  impact factors. In the fourth section we study t h e  relation between 
mathematics .ournab and some l i fe  sciences journals (with comparable 2-year 
impact factor1 and conclude tha t  pure mathematics journals would benefit from 
t h e  use of &year impact factors. 



R. Rousseau 

2. SOME MATHEMATICAL RESULTS ON RAW DATA FOR IMPACT FACTORS 
AND RELATED MEASURES 

Let  c(k) be the number of citations tha t  a journal receives in a fixed year t o  
items published k years before; l e t  p(k) be the number of items published in that  
same journal k years before and le t  a(k) be the rat io  c(k)/p(k). 
The impact factor  of a journal a s  defined by Garfield [3]  is given by 

In this note we will also consider impact factors defined over other periods. 
These a re  denoted IF(n), where 

n 

z c(k) 

IF(n) = k =  l ; n = 1, 2, 3, ... 
n 

L. ~ ( k )  
k =  l 

As c(k) = a(k).p(k), the IF(n)'s are  weighted averages of t h e  a(nVs. W e  
recognize Garfield's impact factor  a s  IF(2). 

n 

If we denote p(k) by P(n) and P(0) = 0, then the IF(n) satisfy the following 

k= l 

linear difference equation : 

P(n-l) . iF(n-I) = C(") , > 1 IF(n) - - 
P(n) P(n) 

where we put IF(0) = 0. 
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We will also consider the  case  where the  f i rs t  year is not taken into  account 
(the truncated impact factor)  : 

n 

If we denote 72 p(k) by P*(d (n > 2) with P*(I) = 0 ,  then I F W  satisfies the  
k= 2 

following linear difference equation : 

with IF*(l) = 0. n 

We remark tha t  IF(n) < ?: a(k) and similarly 
k= l n 

IF*(") < 2 a(k), a s  all  terms are  positive. 
k=2 

Le t  a(i) be the  first  local maximum of t h e  function a : by this we mean tha t  : 
V s,  I < s < i : a(s) 2 max {a(l), ..., a(s-I)} and t h a t  a(i) > a(i+l). Then we 
have the  following result. 

Proposition 1.1 

If the  function IF a t ta ins  a maximum, i t  is for some n 2 i. 0 

Proof : We know t h a t  - 

Hence c(s).p(k) 2 c(k).p(s). In particular, if n < i then 

n i n i 

?: 2 c(s).p(k) 2 z z c(k).p(s) . 
k= 1 s=n+l  k = l  s=n+l  

n n n n 

Adding x c(s).p(k) = Z c(k).p(s) t o  both sides gives : 
k=l  s = l  s = l  k = l  



Hence, for n < i : lF(n) < IF(i). This shows tha t  if IF at ta ins  a maximum i t  is 
for some no a i. 

Remark tha t  in a l l  practical situations t h e  function IF does at ta in  a maximum, 
if only by t h e  f a c t  tha t  journals exist fo r  a finite number of years. 
Cowering t h e  IF%) we have t h e  following result. 

Proposition 1.2 

For every n a 2 we have : lF*(n) > IF(n)- 1F(d  > a(1). 

Comments 

I. If t h e  number of publications is  (approximately) t h e  same every year, IF(n) 
reaches its maximum in or a f te r  t h e  year tha t  t h e  journal received t h e  
most citations. 

2. The function I F b )  does not necessarily a t ta in  i t s  maximum a t  a local 
maximum for a(k). 

3. Usuallly t h e  maximum of IF(n) is attained a t  t h e  point or just behind t h e  
point where a(k) has reached i t s  maximum (and not  a t  or  just behind the 
f i rs t  local maximum). However, there  a re  exceptions t o  this, so all  what 
can be said in general is contained in Proposition 1.1. 
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4. The m w e  years i t  takes  a journal t o  reach a maximal number of citations 
per i tem published, the  more t h e  Garfield impact f ac to r  is  an 
underestimation of t h e  maximal impact factor.  

5. Usually a ( l )  < I F ( d  for  several n, so  t h a t  usually t h e  maximal IF*(n) is 
greater  than the  maximal IF(n). In particular, if a(2) is t h e  maximum of 
the  function a, IF*(n) reaches i t s  maximum for IF*(Z). This is of ten t h e  
case. 

Already in 1976 Garfield t41 wrote I... Furthermore, calculation of impact  based 
on 1972 and 1973 publications is  bound t o  a f fec t  the  impact of journals in a 
field like mathematics, where citation of older l i tera ture  is  far  more common 
than in others. Thus the  impact of mathematics journals would b e  higher if 
calculated on t h e  basis of 1970 and 1971 publications'. 
As a practical experiment we have investigated how t h e  1985 impact factor  of 
journals in pure mathematics is a f fec ted  when using different t i m e  periods. We 
have also compared these  mathematics journals with some life sciences journals. 
The results of this experiment will be discussed in the  next sections. Now we 
give some results on special cases t o  i l lustrate t h e  propositions and comments of 
this section (see also Table 7 in t h e  Appendix). 

1°) ACTA MATH-DJURSHOLM : 1985 

The maximal IF occurs I year a f t e r  max (ah)),  which happens t o  be t h e  f i rs t  
local maximum. 

2°) ADV MATH : 1985 

Here t h e  maximal IF occurs also 1 year a f t e r  max(a(n)) but this is not t h e  first  
local maximum. 

3') ANN SCI ECOLE NORM S : 1985 

Here a(1) is the  first  local maximum; I F h )  a t ta ins  i t s  maximal value at n = I, 
not at n E 4 where a(n) a t ta ins  i t s  maximum. 
The results of th is  section were announced in [lo]. 



2 IMPACT FACTORS CALCULATED OVER SEVERAL YEARS 

As explained in t h e  introduction we have calculated 1984 and 1985 impact 
f ac to r s  for  journals in pure mathematics. The results for  t h e  1985 impact 
factors  a r e  given in the  Appendix (Table 7). 
The average 1985-impact factor  of these  43 mathematics journals calculated over 
2 years is 0.525 and the  average impact factor  calculated over 4 years is  0.601. 
We use a z-test t o  s e e  whether t h e  dif ference of these  two impact  factors  
di f fers  significantly from zero. We obtain : 

z s 
0.601 - 0.525 = 4.55 

S l  4 4 2  

43 
2 

with s2 z (1143) Z - 1F(24) - 0.076) = 0.0117. 
i= 1 

For  this z-value t h e  null-hypothesis (same average impact factor)  is not accepted 
(not even at t h e  I% level), hence we conclude t h a t  i t  makes a difference t o  
consider 2- or b y e a r  impact factors. The results we have found for the  1984 
impact factors  (z = 3.02) corrobate these findings. 
Another way t o  study t h e  differences between impact  factors  calculated over 
dif ferent  t ime  periods is t o  compare IF(n) with IF@) (for individual journals). 
For t h e  sake of this argument we will say t h a t  IF(n) differs significantly from 
the  Garfield impact factor ,  IF(Z), if 

(cf. [7]). The results a r e  given in Table I. 

Table 1 : Comparison of IF(n) with IF(2) (1985 data)  

I n  I significant increase for  significant decrease for 
1F(d  w.r.t. IF(2) I IF(n) w.r.t. IF(2) I 

The main result is that ,  on t h e  average, pure mathematics journals have the  
highest impact factor  when calculated over a 4 year perial.  This would yield a 
significant increase for  19 out of the  43 journals (i.e. for 44 %) while none of 
them would suffer  a significant decrease. 
Considering now all  mathematics journals a s  one large unit, i t s  2-year impact 
factor  for 1985 is 0.483 and i t s  $-year impact factor  is  0.529. The exact  
numbers fo r  this macrc-mathematics journal a r e  given in Table 2 and illustrated 
in Fig. I. The curve in Fig. I is only indicative, no curve fit t ing method was 
used. 

3 
4 
5 
6 

13 t imes 
19 times 
17 t imes 
18 times 

0 times 
0 times 
2 times 
4 times 
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43 
z ci(n) 

i= 1 
Table 2 : The macro-mathematics journal, where A(n) = 43 

I I I I I I I I I years 
1 2 3 4 5 6 7 8 9  

Fig. I 

Comparing this with the  average impact factors  suggests tha t  journals t h a t  
publish many papers every year have a relatively low impact f a c t w  and journals 
tha t  publish less papers have a relatively high impact factor.  This was observed 
already many times before a5 journals tha t  publish many review h e n c e  Ion er,  
hence less) papers tend t o  have larger impact factors  than others (see f.i. 
or [IZ],  p. 258). However, mathematics journals devoted mainly t o  review 
papers do  not exist. So, the  average length of t h e  paper might be a major 
factor  in explaining this phenomenon. Perhaps, one could say tha t  the  law of 
diminishing returns is at work here. 
We have checked this by comparing 1985 4-year impact factors  of t h e  10 
journals t h a t  publish the  most, with those of the  10 journals tha t  publish the  
least  (based on 1984 publication data)  (see Table 3). 
To  t e s t  whether t h e  averages a r e  the  same we use Aucamp's variation of t h e  
z-test [ I ] ,  a s  we have no information on the  ra t io  of variances (this is  a 
so-called Behrens-Fischer problem). Using t h e  notation of [ I ]  we find here : 

C^ = 0.0572; v = 2.1614; N = 1.095; hence 
z = v/N = 1.97 > 1.65. 

S o  we re ject  the  null hypothesis tha t  these  averages a r e  equal (I-sided test;  5 % 
level). 



Table 3. 

P AM MATH SOC 
T AM MATH SOC 
J ALGEBRA 

Journal 

PAC J MATH 
DISCRETE MATH 
MATH Z 
COMMUN ALGEBRA 
MATH ANN 
3 LONDON MATH SOC 
MATH PROC CAMBRIDGE 

AVERAGE 
STANDARD DEVIATION 

# publications 

ACTA MATH-DJURSHOLM 
ANN SCI ECOLE NORM S 
B SCI MATH 25 
MEM AM MATH SOC 
MATHEMATIKA I :: 

AVERAGE 
STANDARD DEVIATION 

3 ORDERINGS BASED ON 2-YEAR AND 4-YEAR IMPACT FACTORS 

Table 4 gives t h e  orderings of t h e  pure mathematics journals according t o  their 
2- and &year impact factors  in 1985. The Spearman rank correlation coefficient 
fo r  these wderings is  0.907 which is very significant (t(41) = 13.8). The 
corresponding orderings for 1984 yield a S p a r m a n  rank cwrelation coefficient of 
0.893, which again is very signficant (t(41) = 12.7). 
Further,  the Spearman rank correlation coefficient between t h e  orderings based 
on these two  2-years impact factors is 0.891 and is 0.912 for t h e  wderings 
based on t h e  &year impact factors; both results are  very significant. I t  seems 
however that ,  a t  least for mathematics journals, the orderings based on t h e  
4-year impact factor  seem more stable over t h e  years than those bared on the 
2-year impact factor.  Of course, this needs further verfication. 
Now, i t  would be rather awkward if we found no correlation between orderings 
based on impact factors,  or between orderings based on impact factors  in two 
consecutive years. Indeed, we t r y  t o  find orderings based on t h e  same notion 
(impact), but measured by different, yet very related means. Hence if those 
different  approaches would lead t o  uncorrelated orderings this would indicate that  
there  was something wrong with t h e  quantity we t r y  t o  measure. 
However, in view of possible applications of such lists (f.i. acquisitions or 
relegations in libraries) i t  is interesting t o  observe that,  although total  orderings 
a re  highly correlated, this is  not t h e  case for those journals with lowest impact 
factors.  Table 5 shows tha t  in 1985 there  was no cwrelation between ordered 
lists of the pure mathematics journals with lowest 2-year impact factors and t h e  
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Table 4. Journals in  pure mathemat ics  ordered bij 2- and &year 
impact  f ac to r  (1985). 

2-year impact  factor  

I ACTA MATH-DJURSHOLM 
2 I ANN MATH 
3 INVENT MATH 
4 DUKE MATH J 
5 I B AM MATH SOC 
6 ADV MATH 
7 I J FUNCT ANAL 
8 I T  AM MATH SOC 

16 I MATH ANN 

12 
1 3  
14 
15 

COMPOS MATH 
J DIFFER EQUATIONS 
TOPOLOGY 
MEM AM MATH SOC 

21 I ISRAEL 7 MATH 

-~ 

17 
18 
19 
20 
-- . ~ ~ ~ . ~ - ~ ~  
22 J LONDON MATH SOC 
23  MATH PROC CAMBRIDGE 
24 J COMB THEORY A 

~ ~ ~ ~ . . ~ ~  .... ~ 

J ALGEBRA 
COMMENT MATH HELV 
MATH Z 
MATHEMATIKA 

25 1 PAC J MATH 
26 MANUSCRIPTA MATH 
27 MICH MATH 3 
28 AM MATH MON 
29 I COMMUN ALGEBRA 

34 1 B SCI MATH 

4-year impact  factor  

- 
40 
41 
42 
43  

I ACTA MATH-DJURSHOLM 
2 ANN MATH 
3 B AM MATH SOC 
- INVENT MATH 
5 ADV MATH 
6 J FUNCT ANAL 
7 DUKE MATH J 

Q J MATH 
ANN SCI ECOLE NORM S 
MATH USSR SB 
CAN J MATH 
STUD MATH 

8 TOPOLOGY 
9 AM J MATH 
10 P LONDON MATH SOC 
I1  MEM AM MATH SOC 
12 T AM MATH SOC 
1 3  3 DIFFER EQUATIONS 
14 INDIANA U MATH J 
15 MATH ANN 

20 I MATH Z 
21 ISRAEL J MATH 
22 J COMB THEORY A 
2 3  MICH MATH J 
24 MANUSCRIPTA MATH 
25 MATH PROC CAMBRIDGE 
26 J LONDON MATH SOC 
27 MATHEMATlKA 
28 PAC J MATH 
29 0 J MATH 
30 COMMUN ALGEBRA 
31 STUD MATH 
32 J MATH SOC J P N  
3 3  J NUMBER THEORY 
34 B SCI MATH 
35 DISCRETE MATH - MATH SCAND 
37 AM MATH MON 
38 CAN J MATH 
39 ANN SCI ECOLE NORM S 
40 NAGOYA MATH J 
41 P AM MATH SOC 
42 P K NED AKAD A MATH 
43 MATH USSR SB 

2 . = 1237; r (Spearman) = 0.907; t(41) = 13.8 
i ' s 
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Table 5. Ordering of those mathematics journals with lowest 2-year 
impact f ac to r  (1985) 

1 2-year impact factor  

ALGEBRA 
AKAD A MATH 

3 DISCRETE MATH 
4 NAGOYA MATH J 
5 MATH SCAND I I 

1 6 1 B SCI MATH 
7 J MATH soc JPN I -  I P AM MATH SOC 
9 B SOC MATH FR 

I 15 1 STUD MATH 

10 
- 
12 
13 
I 4  

&year impact factor  I 

J NUMBER THEORY 
Q J MATH 
ANN SCI ECOLE NORM S 
MATH USSR SB 
CAN J MATH 

B SOC MATH FR 
0 J MATH I 
COMMUN ALG 
STUD MATH 
J MATH SOC JPN 
J NUMBER THEORY 
B SCI MATH 
DISCRETE MATH 
MATH SCAND 
CAN J MATH 
ANN SCI ECOLE NORM S 
NAGOYA MATH J 
P AM MATH SOC 
P K NED AKAD A MATH 
MATH USSR SB I 

2 A ,' = 590.5; r (Spearman) = - 0.05; t(13) = - 0.18 
i ' s 

list consisting of the  same journals ordered according t o  their 4-year impact 
factors.  For the  1984 da ta  the  Spearman rank correlation coefficient is 0.43 which 
is not significant on the  5 % level (t(13) = 1.72). 
As such we  do  not agree with Tomer [ I21 who considers the  impact factor  t o  be 
an uninformative derivation of the  uncorrected ra tes  of citation, which fails t o  
furnish genuinely useful insight or guidance in regard t o  t h e  relative quality of 
scientific journals. 

4 A COMPARISON BETWEEN MATHEMATICS JOURNALS AND LIFE SCIENCES 
JOURNALS WITH APPROXIMATELY THE SAME 2-YEAR IMPACT FACTOR 

Far every pure mathematics journal we have chosen a life sciences journal in 
such a way tha t  their 1985 Garfield impact factors  differ a t  most one standard 
deviation a s  calculated in 171. Table 6 gives the  mathematics journals and 
their companion life sciences journals. 
After  we had chosen these life sciences journals we have tes ted the  hypothesis 
t h a t  the  probability tha t  the  mathematics 2-year impact factor  exceeds the  
corresponding l i f e  sciences' i s  greater  than or equal t o  112. 

We find (using the  method of [2])  : 
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Table 6. Math journals and comparable l i fe  science journals 
A : 2-year impact factor (1985) 
B : Cyear impact factor (1985) 

A B 

ACTA MATH-DJURSHOLM 1.839 
ADV MATH 0.846 
AM J MATH 0.634 
AM MATH MON 0.339 
ANN MATH 1.390 
ANN SCL ECOLE NORM S 
B AM MATH SOC 
B SCI MATH 
B SOC MATH FR 
CAN J MATH 
COMMENT MATH HELV 
COMMUN ALGEBRA 
COMPOS MATH 
DISCRETE MATH 
DUKE MATH J 
INDIANA U MATH J 
INVENT MATH 
ISRAEL J MATH 

~ 

MANUSCRIPTA MATH 
MATH ANN 
MATH PROC CAMBRIDGE 
MATH SCAND 
MATH USSR SB 
MATH Z 
MATHEMATIKA 
MEM AM MATH SOC 
MlCH MATH 3 
NAGOYA MATH I 
P AM MATH SOC 
P K NED AKAD A MATH 
P LONDON MATH SOC 
PAC 3 MATH 
Q J MATH 
STUD MATH 
T AM MATH SOC 
TOPOLOGY 

MICROBIOLOGY 
ANN PHARM FR 
B MOL BlOL MED 
MlCROBlOLOGlCA 
CURR MED RES OPlN 

. . . . . . . . . . - 
ANAL LETT PT B 
INDIAN J BIOCHEM 810 
FARMAKOL TOKSIKOL 

FLUORIDE 
PEDIATR PHARMACOL 
CURR MED RES OPlN 
INDIAN 3 BIOCHEM 810 
UKR BlOKHlM ZH 
PHARMACOPEIAL FORUM 
AN OUIM C-ORG BlOO 
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A one-sided t e s t  on the  10 % level re jects  the  null hypothesis. Hence we 
conclude t h a t  these  l i fe  sciences journals have a greater  2-year impact factor  
than their corresponding pure mathematics journals. However, for  t h e  &year 
impact factor  we can  not reject the  hypothesis t h a t  t h e  probability to b e  t h e  
greater  of the  two is  112 for both. (We note t h a t  in absolute numbers l i fe  
sciences journals have t h e  larger 2-year impact factor  in 27.5 t imes out  o f  43 
(being equal counts for 112 time), and tha t  mathematics journals have the  larger 
&year impact factor  25 t imes  out  of 43.) 
Remark however t h a t  also for  this selected group of l i fe  sciences journals, t h e  
average 2-year impact factor  (= 0.470) is smaller than t h e  average &year impact 
factor  (= 0.512). We conjecture t h a t  in general $-year impact factors  a r e  larger 
than 2-year impact f ac to r s  and intend t o  investigate this in t h e  near future. 

5 FINAL REMARKS AND CONCLUSIONS 

We have also studied maximal impact factors, truncated impact factors  and 
impact factors  calculated over different 2-year periods. These results Learn us 
nothing new. Moreover, we  think there  is  no rationale t o  prefer t h e  l a s t  two 
measures t o  t h e  f i rs t  two. (For those interested, we refer  t o  our full  report 
[ I l l ) .  
We propose the  @-year impact factors  a s  a bet ter  measure for medium te rm 
impact  and conjecture i t  t o  be more s table  over the  years than Garfield's 
impact factor.  On t h e  other hand, t h e  maximal impact factor  might yield a 
measure which is  more comparable across  scientific fields. 
For further research we suggest, among other possible alternatives,  the  
incorporation of these  findings in Price's theory on the  immediacy e f fec t  (cf 
Dl ,  [GI). 
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APPENDIX 

Table 7. Impact factors IFh)  for mathematics journals (1985). 

ACTA MATH-DJURSHOLM 
ADV MATH 
AM I MATH 
AM MATH MON 
ANN MATH 
ANN SCI ECOLE NORM S 
B AM MATH SOC 
B SCI MATH 
B SOC MATH FR 
CAN I MATH 
COMMENT MATH HELV 
COMMUN ALGEBRA 
COMPOS MATH 
DISCRETE MATH 
DUKE MATH I 
INDIANA U MATH 1 
INVENT MATH 
ISRAEL 3 MATH 
I ALGEBRA 
J COMB THEORY A 
I DIFFER EQUATIONS 
J FUNCT ANAL 
I LONDON MATH SOC 
I MATH SOC I P N  
I NUMBER THEORY 
MANUSCRIPTA MATH 
MATH ANN 
MATH PROC CAMBRIDGE 
MATH SCAND 
MATH USSR SB 
MATH Z 
MATHEMATIKA 
MEM AM MATH SOC 
MlCH MATH 3 
NAGOYA MATH 1 
P AM MATH SOC 
P K NED AKAD A MATH 
P LONDON MATH SOC 
PAC I MATH 
Q I MATH 
STUD MATH 
T AM MATH SOC 
TOPOLOGY 

AVERAGE 
Number of journals that 
attain their maximal IF  


