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"Little can be done to affect the 
least productive, and nothing need 
be done that could affect the most 
pmductiue". 

E. Hammel (1980) 

Abstract 

The present paper sumnarizes b i  b l iomet r i c  ind ica to rs  used f o r  
evaluation of pub l i ca t ion  a c t i v i t y  and research progress o f  research 
teams i n  an academic research i n s t i t u t e .  The main goal o f  the 
app l i ca t ion  of the regu la r l y  calculated ind ica to rs  i s  t o  help the 
researchers i n  forming an appropriate pub l i ca t ion  strategy. The 
Lotka d i s t r i b u t i o n  of papers among researchers showed co r re l a t i on  
w i t h  personal charac te r is t i cs  ( pos i t i on  and s c i e n t i f i c  degree held). 
The Bradford d i s t r i b u t i o n  o f  papers among journals published by 
research teams working i n  d i f f e r e n t  subf ie lds revealed great 
differences among the subfields. A new i nd i ca to r  (Publ icat ion 
Concentration) i s  also suggested which y ie lds  the  percentage o f  
journals used by a research team t o  publ ish h a l f  o f  i t s  papers i n  
a given t ime i n te r va l .  

I. INTRODUCTION 

I n  the  Central Research I n s t i t u t e  f o r  Chemistry o f  the Hungarian Academy o f  
Sciences (CRIC) a comprehensive Evaluation System f o r  Sc ien t i f i c  Publ icat ions 
(ESSP) has been introduced f o r  several years now [ll. Publ icat ion evaluat ion 
i s  appl ied by the  management i n  the  d i s t r i b u t i o n  o f  grants for departments and 
bonus fo r  researchers. The ca lcu la t ion  methods used by the ESSP aim a t  tak ing 
i n t o  account the q u a l i t y  and quant i t y  of publ icat ions produced by the  
departments o f  CRIC. The b i b l i ome t r i c  ind ica to rs  o f fe red  by the ESSP are 
PubZication Smre ( P  ) [21 and Relotive Publication Impact (PI) [31. P takes 

P P 
i n t o  account the  nunberandimpact f ac to r  o f  s c i e n t i f i c  papers (i.e. journals 
where the  papers were published), books (book chapters), patents and 
d isser tat ions.  "Impact factor  scores" f o r  the  l a t e r  mentioned three items are 
determined by the Publ icat ion Comnittee (PC) of C R I C  [31.  PI i s  a r e l a t i v e  

i nd i ca to r  r e l a t i n g  the nmber of c i t a t i ons  received by papers o f  a research 
team o r  department t o  the sun o f  impact factors o f  the  papers and m u l t i p l i e s  
the  so obtained impact i nd i ca to r  by the  nmber o f  papers [41. 

ESSP of fers some more b ib l iomet r i c  ind ica to rs  character iz ing publ icat ions and 
the publ ish ing a c t i v i t y  of research departments. While P and PI serve 

P 



evaluat ion purposes w i t h  f inanc ia l  consequences, the ind ica to rs  given i n  t h i s  
paper (Tables 1, 4, 7, 8, 12, 14). though a lso quan t i t a t i ve  i n  nature, 
are appl ied fo r  q u a l i t a t i v e  purposes. They may provide help not  on ly  for the  
respect ive s c i e n t i f i c  leaders but  also f o r  the researchers themselves i n  
forming an appropriate pub l i ca t ion  st rategy (where, how and when t o  publ ish?)  
and f i n d  s c i e n t i f i c  and personal connections through c i t a t i ons .  

2. PUBLICATION FREQUENCY OF RESEARCHERS 

The most frequently used b ib l iomet r i c  i nd i ca to r  f o r  the evaluat ion of 
researchers o r  research organizations i s  the  nunber o f  s c i e n t i f i c  papers 
publ ished i n  a given t ime- interval .  The Publication Frequency (Fp) (Table 1 ) 

i s  expected t o  be d i f f e ren t  both fo r  ind iv idua ls  and research f i e l ds  and 
subfields. 

We have been in te res ted  whether the c lass ica l  Lotka [51  pub l i ca t ion  frequency 
d i s t r i b u t i o n  of authors holds i n  the  CRIC too. 

Shockley [61 presented data on pub l i ca t ion  p roduc t iv i t y  of research 
laborator ies.  The data showed t h a t  the l oga r i t hn  o f  the  cunulat ive 
d i s t r i b u t i o n  o f  weighted r a t e  o f  publ icat ions was a l i n e a r  func t ion  of the  
logar i thm o f  cumulative percentage of authors. ("Weighted" r a te  means t h a t  
the  c r e d i t  o f  papers i s  equal ly  d i s t r i bu ted  among the co-authors). 

Fox [ 7 1  sumnarized the  fo l low ing  main fac to rs  in f luenc ing  pub l i ca t ion  
p roduc t i v i t y  of sc i en t i s t s  : psychological charac te r is t i cs ,  work habits, age, 
environmental location, prest ige o f  department o r  i n s t i t u t i o n .  She concluded 
t h a t  i n s t i t u t i o n a l  prest ige emerged as one o f  the  strongest corre lates of 
pub l i ca t ion  p roduc t iv i t y .  

A l l i s o n  and Stewart [81 s ta ted  t h a t  the  h igh ly  skewed d i s t r i b u t i o n  of 
p roduc t i v i t y  among sc i en t i s t s  could be p a r t l y  explained by a process of 
accmula t i ve  advantage. The pub l i ca t ion  p roduc t iv i t y  was found t o  be 
increasingly unequal as the career age increased. 

Figure 1 shows the d i s t r i b u t i o n  o f  pub l i ca t ion  frequency o f  researchers i n  the 
CRIC. The nmber of papers per  year i nd ica to rs  (F  . "a" denotes t h a t  F 

pa' P 
(Table 1)  re fe rs  here t o  ind iv idua ls )  f o r  110 researchers were determined i n  
the  t ime- interval  1976-1985. A l l  the  researchers who were a t  work a t  l eas t  f o r  
5 years i n  t h i s  period i n  the CRIC were taken i n t o  account. The f u l l  c r e d i t  of 
the  paper was given t o  a l l  co-authors. The l oga r i t hn  o f  cumulative percentage 
o f  authors was p l o t t ed  against the  logar i thm o f  se r ia l  nmbers of publication 
frequency categories. The categories mentioned were as fol lows - 
1 : 0 5 Fpa 5 0.5; 2 : 0.5 < F s 1.0; 3 : 1.0 C F 5 1.5;4 : 1.5 < F 52.0; - pa pa pa 
5 : 2.0 < F 6 2.5; 5 : 2.5 < F 5 3.0, etc. There were a t o t a l  of 49 - pa 
categories. 

pa - 

Figure 1 shows t h a t  the p roduc t i v i t y  d i s t r i b u t i o n  o f  researchers i n  CRIC i s  
ra ther  skewed, as 50 X of the  authors produced less than 1.6 paper per year 
and on ly  20 % published more than 3.5 paper per year. Data re fe r r ing  t o  two 
d i f f e r e n t  departments demonstrate s i gn i f i can t  differences i n  the pub l i ca t ion  
frequency o f  researchers by departments (Figure 1 ). 

Table 2 contains co r re l a t i on  constants between F age, pos i t i on  held, 
Pa ' 

s c i e n t i f i c  degree o f  individuals  and charac te r is t i cs  o f  " s c i e n t i f i c  environment" 
of the  authors (i.e. pub l i ca t ion  frequency, q u a l i t y  o f  research work/measured 
by the impact f ac to r  of journals per paper/, ins t runenta l  support and a 



Bibliometric Analysis of Publication Actiuity 31 1 

measure o f  applied/contract/research of the department). The data show tha t  F  
o f  ind iv idua ls  corre lates p o s i t i v e l y  w i t h  personal charac te r is t i cs  of the pa 
authors, namely pos i t i on  held, s c i e n t i f i c  degree, and age (0.58; 0.47; 0.35, 
resp. ). I n  contrary F  values seem t o  be independent from data re ferr ing  t o  

pa 
the department, i.e. p o s s i b i l i t y  of conducting basic research work (Mko) and 

equipment support (Eok) (0.09; 0.16, resp.). Fpa corre lates only s l i g h t l y  w i t h  

the  p roduc t iv i t y  (Fpo, Fpok) and q u a l i t y  (Hko, Hpo) o f  the research work of 

the  respective department. 

There may be special loca l  reasons (work habits and motivat ions included [31) 
f o r  the excel lent  co r re l a t i on  of Fpok and Hko. The ma jo r i t y  of the  departments 

w i t h  higher E,, and M,, r a t e  (e.g. S, and S 1 ) ,  publ ish more papers and more 

publ icat ions i n  journais w i t h  higher' impact-factor and receive also more 
c i t a t i ons  (see Table 3). (Corre lat ion constants between Fpok, Hko and Mko, 

Eko are : 0.54; 0.71; 0.65; 0.78, resp. Table 2). 

One of the most remarkable features o f  the re lat ionships found i s  the 
cor re la t ion  between pos i t ion  held and F,, (0.58). Heads o f  departments seem t o  

V" 
be the most productive researchers. 92.8 X o f  the  heads o f  departments (13 
person out of 14), whi le  only 15.6 % o f  researchers published more than 27 
papers i n  10 years.There may be two explanations fo r  that. F i r s t ,  i t  may be 
assumed tha t  the most productive sc i en t i s t s  become heads, second, heads are 
"owners" o f  almost a l l  s c i e n t i f i c  resu l ts  scored i n  the  department headed by 
them. Our pre l iminary r esu l t s  show t h a t  i n  r e a l i t y  both f ac to r s  in te rac t .  
(A de ta i led  inves t iga t ion  on re la t ionsh ips  between pos i t ion  o f  researchers 
held and authorship i s  i n  progress). 

3. SPECIFIC PUBLICATION AND CITATION INDICATORS OF THE DEPARTMENTS 

I n  order t o  characterize publ icat ions and the publ ish ing a c t i v i t y  o f  research 
teams and deoartments i n  C R I C  some imDact ind ica to rs  were introduced (Table 1). 
~ a t a ~ r e ~ r e s e n t i n ~  departments i n  C R I C ' ~ ~ ~  given i n  Table 3. The ind ica to rs  are 
derived f r o m  data o f  papers published i n  1986. 

The a c t i v i t y  o f  the departments i n  C R I C  covers broad aspects o f  chemistry and 
re la ted  subfields. Research and b ib l iomet r i c  charac te r is t i cs  of ind iv idua l  
departments are consequences p a r t l y  o f  subf ie ld and p a r t l y  o f  loca l  ( inc lud ing  
personal and ob jec t i ve)  spec ia l i t i es .  These effects can be separated only i n  
some cases. Therefore, re la t ions  and consequences presented i n  t h i s  paper may 
be viewed f i r s t  o f  a l l  as loca l  character is t ics.  Great amaunt o f  work would be 
needed f o r  other d isc ip l ines ,  f i e l ds  and subf ie lds o f  science and research 
i n s t i t u t i o n s  t o  determine ob jec t i ve  re lat ionships.  

The Pubtication Frequency (F  ) i nd i ca to r  shows great discrepancies among 
P 

departments (Table 3). The theore t i ca l  and molecular s t ruc tu re  research 
departments (S,, S2, S3) present high F  data. I n  the F  i nd i ca to r  however, 

P P  
cooperation i s  not taken i n t o  account, i.e. the  f u l l  c r e d i t  o f  the papers was 
given t o  every cooperating department. This i s  one o f  the  reasons fo r  the  
mentioned e f fec t .  The Pubtication Coopemtivi ty  i nd i ca to r  (Table 4) i s  0.49; 
0.13; 0.49 f o r  S1, S2 and S3, resp., wh i le  the  average o f  the  departments i s  
0.28 (Table 5). 

According t o  the  Impact Factor Frequency (Fi data the  ma jo r i t y  o f  papers are 

published i n  journals covered by SCI (Fi % : 75; Table 3). 
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The Expected Impact per Paper (HD) i nd i ca to r  i s  s i g n i f i c a n t l y  higher f o r  

bioorganic chemistry departmentsr(~)  than fo r  organic chemistry (0)  and 
physical chemistry (P) ones (Table 3). The ag r i cu l t u ra l  (A) and the  macro- 
molecular (M)  f i e l d  have the lowest H- values. This statement corresponds t o  

v 
our e a r l i e r  f indings and points t o  the  d i f fe rence i n  the average impact fac to rs  
o f  journals o f  d i f f e r e n t  subf ie lds [91. 

ReaZ Impact per Paper (Q ) data show great discrepancies ranging from 0.12 up 
t o  1.52 (Table 3). P 

Table 6 contains the  co r re l a t i on  constants. It i s  ra ther  surpr is ing  t h a t  the 
l i n e a r  co r re l a t i on  between H,, and Q,, i nd ica to rs  i s  very small (0.14). This 

observation points t o  the  imLortanc; of determining c i t a t i o n  data o f  the 
i nd i v i dua l  papers t o  be evaluated. O r  pre l iminary r esu l t s  show t h a t  the Hn- Qn 

r r 
function i s  a bell-shaped curve, i .e. papers with very high H datum receive 
Less ci tations than eqec ted .  P 

The spec i f i c  ind ica to rs  (e.g. F,,, Qv)  which r e l a t e  pub l i ca t ion  o r  c i t a t i o n  " .  
performance t o  the nunber o f  researchers o f  the  department give in format ion 
on the  productivity of the tern. 

The Citations per Researcher (9,) data (Table 3) may be h igh - independently 

from the  Publ icat ion Frequency (F,) i nd i ca to r  - even i f  the  Real Impact per 

Paper (Q ) value i s  low. The d is tF ibu t ion  o f  c i t a t i ons  among the  papers o f  a 
P 

department may be ra ther  inhomogeneous. The s c i e n t i f i c  usefulness o f  the 
informat ion published by a team should be independent t o  a ce r t a i n  degree 
from the nunber o f  in fonnat ion ca r r i e r s  (papers). That i s  why the Qr ind i ca to r  

i s  ap l i ed .  Nevertheless, Qr and Q data show r e l a t i v e l y  high co r re l a t i on  
(0.737. P 

4. RELATIVE CITATION INDICATORS OF THE DEPARTMENTS 

The r e l a t i v e  ind ica to rs  i n  Table 7 r e l a t e  b ib l iomet r i c  features o f  papers o f  
a team o r  a department t o  an absolute standard [41. The c ruc ia l  problem o f  
the r e l a t i v e  assessment i s  t h a t  of the absolute standard. The ESSP uses impact 
fac to rs  ( o r  a mean o f  those f o r  a sub f ie ld )  o f  per iod ica ls  as in te rna t iona l  
standards. Table 7 explains the  r e l a t i v e  impact ind ica to rs  used i n  CRIC i n  
evaluat ing the pub l i ca t ion  a c t i v i t y  o f  departments. 

Data fo r  departments reveal great d i f ferences (Table 3 ) .  The ReZative Citation 
Indicators (R ) measure c i t a t i ons  received i n  a s ing le  year t o  papers published 
i n  a ten yearl interval,  therefore they can only be used f o r  cmpar ing  the  
departments, as the  standard (sum of the impact fac to rs  o f  per iod ica ls  where 
the papers were published) measures c i t a t i o n s  received t o  papers published i n  
two years. One o f  the  reasons why a 10 year i n t e r v a l  was chosen instead o f  2 
years was the  unanimous request o f  researchers who thought they might get many 
c i t a t i ons  t o  t h e i r  o lder  papers. 

RI and (Table 7) may be charac te r is t i c  o f  the  tong t e n  impact o f  papers. 

\ uses the mean impact factors of journals o f  the  respect ive sub f i e l d  as 

standards [91. The l a t t e r  i nd i ca to r  shows exce l len t  agreement w i t h  RI (Table 6, 
0.94). 
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I n  order t o  make d i r e c t  comparisons t o  in te rna t iona l  standards Relative 

Citedness ( f m )  and Relative ReaZ Citedness (R!~) ind ica to rs  (Table 7) have 

been introduced. These short t e r n  impact i nd ica to rs  measure c i t a t i o n s  found 
i n  a s ing le  year t o  papers published i n  the preceding two years. Departments 
w i t h  RIm i nd i ca to r  around un i t y  may be assumed t o  publ ish papers which 

correspond t o  the  in te rna t iona l  standard. The average datum f o r  the  departments 
i s  0.94 which i s  i n  good agreement w i t h  the in te rna t iona l  average (Table 3). 

It i s  reasonable t o  assume tha t  the l a t t e r  mentioned short t snn  impact 
indicators are greater than the long t e r n  ones. The data i n  Table 3 confirm 
t h i s  conjecture (RI = 0.51; RIm = 0.65, i n  average). The co r re l a t i on  however, 

between RI and Rim data i s  f a i r l y  good (0.82) (Table 6). Impact fac to rs  count 

also se l f -c i ta t ions ,  consequently RIm data are greater than R& ones. There are 

b i g  discrepancies among the s e l f - c i t a t i o n  rates o f  departments (Rim + R';, e.g.; 

P2 : 0.67 .- 0.37; P3 : 0.86 + 0.78) (Table 3). 

It i s  not surpr is ing  t h a t  the co r re l a t i on  between Q and RI, i s  excel lent  
P 

(0.91, and 0.97, resp.) and t h a t  w i t h  RIM i s  good (0.61) (Table 6). 

Data i n  Table 6 reveal t h a t  there i s  hardly any co r re l a t i on  between 
pub l i ca t ion  and c i t a t i o n  charac te r is t i cs  o f  papers of departments and 
cooperation a c t i v i t y  of researchers (C,,; Table 4). It i s  t o  be noted t ha t  the - 
Publication Cooperativity i nd i ca to r  measures only e z t e n a l  cooperations, l i n k s  
between researchers i n  the  department are not  taken i n t o  account. 

A l l  data presented i n  Table 3 are determined every year t h a t  makes i t  possible 
t o  inves t iga te  b i  b l iomet r i c  features of the departments dynamically. 

5. DISTRIBUTION OF PAPERS AMONG JOURNALS BY SUBFIELDS 

I n  the  course o f  exp lo r ing  publ ish ing charac te r is t i cs  of researchers i n  CRIC 
the d i s t r i b u t i o n  o f  papers among journals was invest igated by subfields. The 
reason why subfields and not  departments were analysed i s  t h a t  the  comparison 
t o  in te rna t iona l  data i s  l i k e l y  t o  be more reasonable i n  the case o f  r e l a t i v e  
greater nunber o f  papers and journals. Moreover, journal  sets can be determined 
f o r  subfields (e.g. organic chemistry, physical chemistry, etc.) w i t h  greater 
c e r t a i n i t y  i n  m s t  o f  the  cases than for research top ics  (e.g. na tu ra l  product 
chemistry, electrochemistry, etc.). 

The c lass ica l  Bradford [ I 01  law can be expressed as : R(n) = k l og  n, where 
R(1) i s  the cunulat ive nunber of the re levant  papers i n  givzn top ic ,  & i s  a 
constant and 1 i s  the  number of per iodicals .  

Egghe 1111 concluded t ha t  the Bradford formulat ion i s  a m n k  approach t o  the  
information d i s t r i b u t i o n  w h i l s t  the mtka formulat ion i s  a frequency approach. 

Ye-Sho C k n  and Leimkuhler [ I 21  pointed out  t h a t  Bradford-type curves 
( p l o t t i n g  the  cumulative nmber o f  journals versus the  cunulat ive nunber of 
papers they contain, where the  journals are i n  decreasing order of p roduc t iv i t y  
and are p l o t t ed  on a l oga r i t hn i c  scale) can have three s i g n i f i c a n t  regions. 
The f i r s t  and the t h i r d  regions can be concavely, l i n e a r l y  o r  convexly 
increasing, wh i le  the second region i s  approximately l inear .  The authors [ I21  
suggested s i x  classes o f  Bradford-curves. 



The question emerges whether the Bradford law i s  v a l i d  for in format ion 
d i s t r i b u t i o n  i n  journals of published resu l t s  scored by research temns o r  
researchers working on a subf ie ld.  

P l o t t i n g  the logar i thm o f  s e r i a l  number of journals by pub l i ca t ion  frequency 
versus the cumulative number o f  papers i n  the  journals, four d i f fe ren t  types 
of Bradford curves could be obtained. The Bioorganic Chemistry sub f i e l d  y ie lded  
a curve of the  f i r s t ,  the  Macromolecular Chemistry o f  the second, the  Molecular 
Structure o f  the t h i r d  and the Physical and Organic Chemistry subfields of the  
f ou r t h  type. I n  order t o  normalize the  curves the logar i thm of cunulat ive 
percent of papers was p l o t t e d  (Fig.2). The l oga r i t lm i c  functions i n  Figure 2 
resemble the  Lotka d i s t r i b u t i o n  o f  papers among researchers (Figure 1). The 
curvesreveal great d i f ferences i n  publ ish ing charac te r is t i cs  among the  research 
subf ie lds i n  CRIC. 

I n  order t o  characterize publ ish ing a c t i v i t y  of researchers by subfields, some 
new " d i s t r i b u t i o n '  ind ica to rs  have been introduced (Table 8). 

The number o f  papers published i n  a 10 year i n t e r va l  ( n  ) are given i n  Table 
9 by subfields. No cooperation has been counted, i.e. t&g  f u l l  c r e d i t  of papers 
was given t o  a l l  o f  the cooperating partners (authors) f r o m  the  respect ive 
subfields. This i s  one o f  the reasons why Molecular Structure Research f igures 
by an enormously h igh pub l i ca t ion  number. 

The number o f  the  journals used (n. )  ranges from 34 (Heterogeneous Catalys is)  
up t o  117 (Molecular Structure ~esdarch)  (Table 9). 

There are great d i f ferences i n  the Publ icat ion Frequency (Fp) by subfields. 
The two extremes are 0.60 and 2.74 paper per researcher per year i n  the  10 year 
i n t e r va l .  

The nmber o f  journals representing the subfields ( j )  was determined by the 
modi f ied H i r s t  method [91. (According t o  t h i s  procedure, 5-9 core journals i n  
a subf ie ld are selected by an expert comnittee. The per iod ica ls  referenced by 
the  core journals /"primary in format ion baseH/ g ive the journal  se t  o f  the 
subf ie ld. )  The Macromolecular Chemistry sub f ie ld  seems t o  be ra the r  closed 
( j  = 26) (Table 91, wh i le  the other ones have greater J value (34-47). 

The PubZication Density (P ) data (Table 9) give the frequency o f  papers by 
journals. The Bioorganic &emistry sub f ie ld  shows a very low value (2.07). 
wh i le  macromolecular chemistry researchers publ ish many papers per journals 
(5.91). The frequency of the journals used i s  supposed~to be d i f f e ren t  for 
d i f f e ren t  research organizations, countr ies and subfields. The data presented 
here are v a l i d  only fo r  the subf ie lds i n  CRIC. 

The nunber of the  journals e f f e c t i v e l y  used (n . )  re la ted  t o  the possib le number 
J 

o f  pub l i ca t ion  sources (j) ( ~ u b l i c a t i o n  Dispersion, Pr %)  d i f f e r  g rea t l y  from 

sub f i e l d  t o  sub f i e l d  (Table 9). The dynamic range i s  74 % (Heterogeneous 
Catalysis) - 344 % (Molecular Structure Research). The l a t t e r  mentioned 
extremely high value can be explained by the  se lec t ion  procedure o f  the  
journal  se t  o f  the subfield. Namely, on ly  " ure" spectroscopy and d i f f r a c t i o n  
journals (e.g. 3. Mol. Spectra. Acta Cryst.! were taken i n t o  considerat ion i n  
determining the j value, no pe r i d i ca l s  frm other  subf ie lds (e.g. organic 
chemistry, e.g. 7. Heterocycl ic Chem.) which are p r o f i t i n g  from resu l t s  scored 
by s t ruc tu ra l  invest igat ions were counted. 

Pr % values can g ive some p rac t i ca l  ind ica t ions  f o r  i n i t i a t i n g  the  researchers 
t o  pub l i sh  also i n  per iod ica ls  not  used before. Nevertheless, Pr % values must 

be used together w i t h  P: ind ica to rs  (Table 10). The l a t t e r  t e l l s  us the  q u a l i t y  
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o f  the journals used re la ted  t o  the mean of the corresponding subfield. If both 
D Ps and Pr % ind ica to rs  are low (i.e. lower than one and less than 100, resp.), 

i t  fo l lows t h a t  the researchers i n  question publ ish i n  r e l a t i v e l y  few journals 
o f  r e l a t i v e l y  low qua l i t y .  

The d i s t r i b u t i o n  o f  papers i n  journals could be evaluated by several methods 
[131. One o f  the f requent ly  used ind ica to rs  i s  the Gin i  index [141. For 
p rac t i ca l  b ib l iomet r i c  purposes P r a t t  1131 introduced a s i m i l a r  measure. The 
P ra t t ' s  measure (C) has l i m i t i n g  values of 0 and 1. The f o m r  represents even 
d i s t r i b u t i o n  o f  a r t i c l e s  over categories, whi le  the l a t t e r  represents t o t a l  
concentration i n  a s ing le  category. The C values i n  Table 9 characterize the 
dispersion o r  sca t te r ing  of papers i n  journals by subf ie lds.  

I n  order t o  ob ta in  a measure for the  most frequently used periodicals, 
Publication Concentration (PC %) i nd i ca to r  has been introduced (Table 6). 

The PC % ind ica to r  gives the percentage of jounvr7.s i n  which h d f  o f  the  papers 

were pubtished. Researchers on macromolecular chemistry e.g.; need only 7 % o f  
the journals t o  publ ish h a l f  o f  t h e i r  papers, t h a t  reveals the preference f o r  
a l im i t ed  nmber o f  per iodicals .  I n  accordance w i t h  the PC % values, P ra t t ' s  

measures (C) show r e l a t i v e l y  skewed d i s t r i b u t i o n  f o r  macromolecular, physical 
(homogeneous and heterogeneous) and organic chemistry papers (0.67; 0.64; 0.60; 
0.55, resp.), wh i le  f o r  Molecular Structure Research and Bioorganic Chemistry 
a rather  scattered one (0.33; 0.37, resp.). 

I n  order t o  characterize d i s t r i b u t i o n  of papers published by the research teams 
by impact fac to rs  of journals, three impact f ac to r  (hi) ranges were set  up. 

Namely, I : hi 5 0.5 R I 1  : 5 5 < hi 5 1.55 ;  1 : hi > 1.5 Ti. Average 

impact factor; o f  per iod ica ls  (5)  i n   able 10 were calcuiated by subfields by 
the Comnittee method [91. 

A new ind ica to r  - TotaZ Weighted Impact (TWI) (Table 8) - has been introduced 
i n  order t o  characterize the  d i s t r i b u t i o n  o f  weighted impact o f  papers by 
impact f ac to r  ranges (Table 10, 11). Nmber o f  papers published i n  a given 
t ime i n te r va l  (preferably 10 years) are used as wei'ghting factors.  

TWI ind ica to rs  are believed t o  be charac te r is t i c  o f  the pub l i ca t ion  performance 
o f  research teams both q u a l i t a t i v e l y  and quant i ta t i ve ly .  

Comparison of TWI ino icarors calc41ated f o r  tne researcn teams investigate0 
(Table 11) t o  in te rna t iona l  standards (Taole 10) enaoles us t o  draw 
canclusions as t o  the  re la t i ve  pubZication perfonunce i s  concerned. From 
Tables 7 and 8 i t  concludes e.g. t h a t  i n  the Organic Chemistry sub f ie ld  13 
percent o f  the TWI i s  published i n  journals o f  the I, 73 percent of the I 1  and 
14 percent o f  the I 1 1  cate ory, wh i ie  data for the standard journals are : 7, 
61 and 32. reso. (Table 10q. Data i n  Tables 10 and 11 reveal t h a t  TWI values 
are h ighei  f o r ' ~ ~ 1 ~  teams i n  the I category than t h a t  for the standard journals. 
I n  the 111 category, however, data obtained fo r  the C R I C  teams are s i g n i f i c a n t l y  
lower f o r  Organic Chemistry and Macromolecular Chemistry teams. 

I t  i s  evident t h a t  f o r  research teams i t  would be desi rable t o  reach TWI data 
( f i r s t  a l l  i n  the I 1  and 111 category) which a t  l e a s t  approximate o r  exceed 
the in te rna t iona l  standards. 
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6. IhDICATORS CHARACTERIZILG SPECIAL PUBLlCATlOh AND CITATION FEATURES AND 
THE RESEARCH PROGRESS OF THE DEPARTMENTS 

6.1. Time ind ica to rs  

I n  order t o  characterize research progress of researchers, teams o r  s c i e n t i f i c  
subf ie lds time indicators has been introduced 1141 (Table 12). The SubfieZd 
Pubtication Rate ( t r )  index may be charac te r is t i c  of the  pub l i ca t ion  r a t e  of 

a subf ie ld as a whole from the viewpoint o f  the invest igated authors. The 
Author Pubtication Rate ( t S )  represents the pub l i ca t ion  progress f o r  the 
authors. 

Ind ica to rs  f o r  9 representat ive research departments are given i n  Table 13. 
tS and tr ind ica to rs  f o r  the  departments are calculated from data o f  papers 

published i n  a 3 year period. 

The longest time period f o r  publ ish ing resu l t s  (i.e. subsequent apers) i s  
needed by one o f  the organic chemistry departments (O1; ts = 7.9!. The shortest  

t ime i n te r va l  i s  f o r  a physical chemistry (P5; ts = 2.3) and the other  organic 

chemistry (02; ts = 3.5) department. ts data i n  Table 13 ind ica te  t ha t  personal 

habi ts  and research s t y l e  may p lay a more decis ive r o l e  i n  determining research 
progress than subf ie ld spec ia l i t i es .  

On the contrary, Subf ie ld Publ icat ion Rate ( t r )  ind ica to rs  show t h a t  organic 

chemistry papers reference o lder  in format ion than t h a t  o f  o ther  subf ie lds.  

I n  order t o  compare indices f o r  subf ie lds i n  CRIC w i t h  i n t e rna t i ona l  data. 
absolute standards are required. No r e l i a b l e  in te rna t iona l  standards are 
ava i lab le  a t  present. We have e a r l i e r  obtained data o f  10 papers o f  two core 
journals each by subf ie lds [161. These mean values may serve as standards. The 
resu l t i ng  R t S  and R t r  ind ices are given i n  Table 13. The data reveal t h a t  the 

Author Publ icat ion Rates (t,) o f  t he  departments are lower than the  

in te rna t iona l  standards (except f o r  the O2 department). The Subf ie ld  

Publ icat ion Rates ( t r )  however are close t o  the standards. It concludes, t h a t  

the  research progress o f  the authors invest igated i s  slower than the i n t e r -  
nat ional  average, wh i le  they reference papers which have a s i m i l a r  age as t ha t  
i n  the  journals selected as standards. 

6.2. Non-Publishing Rate and Publ icat ion Cooperat iv i ty  

ESSP appl ies a lso two special ind ica to rs  (Table 4). Non-Pubtishing Rate (kn %) 
gives the percentage of researchers i n  a department w i t h  no pub l i ca t ion  
i n  three consecutive years. The kn % ind ica to rs  i n  Table 5 show b ig  divergencies 

among the departments. The Directory Board o f  C R I C  c l a r i f i e s  the  personal and/ 
o r  ob jec t i ve  reasons f o r  pub l i ca t ion  unefficiency o f  the respective researchers 
every year and makes an e f f o r t  t o  e l iminate pub l i ca t ion  d i f f i c u l t i e s .  (One o f  
the  most f requent ly  experienced reasons f o r  pub l i ca t ion  unproduct iv i ty  seems 
t o  be the p roh ib i t i on  o f  pub l i ca t ion  because o f  patent reasons.) 

kn % Indices range from 0 (P3; S,) up t o  27 (P2) (Table 5). 

Pubtication Coopemtivi ty  (Co) (Table 4) r e f l e c t s  the  extent o f  e f f ec t i ve  

research cooperations outside the department. ("Effect ive" means here, resu l ts  
of cooperations are pubtished by the cooperating partners.) The dynamic range 
o f  Co values i s  0.09 (P3) - 0.49 (S1) (Table 5). No re l a t i ons  o f  Co i nd i ca to r  
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w i t h  other indices could be detected (Table 6). 

6.3. Publ icat lon and C i t a t i on  Strategy Indicators 

D The SxbfieZd Pubt ica t ion  Strategy (PS) [3,91 (Table 14) ind ica to rs  i n  Table 15 

reveal t h a t  papers from the departments are published i n  per iodicals  w i t h  
lower impact factor  than t h a t  o f  the average o f  the  corresponding subfields. 
That i s  why researchers i n  C R I C  are promoted t o  publ ish i n  journals w i t h  
higher impact factor. 

A The Author Citation Stmtegy  (CF) [3,91 (Table 14) ind ica to rs  i n  Table 5 show 
" 

tha t  the mean impact factor  o f  the referenced per iod ica ls  i s  higher than t ha t  
of the se l f - c i t ed  papers. This observation i s  i n  accordance w i t h  our e a r l i e r  
f indings [91. 

D The SubfieZd Citation Stmtegy  (CS) [3,91 (Table 14) indices ind ica te  the 

qua l i t y  (expressed by impact fac to rs  of journals)  o f  the appl ied l i t e ra tu re .  
The mean value of the departments (0.97; Table 5)  points t o  the appropriate 
knowledge of the evaluated researchers on the  in te rna t iona l  research resu l ts .  

Data i n  Table 5 refer  t o  the average o f  papers published i n  1985-86 by the 
respective departments, except f o r  kn % and Co values which are calculated 
for 1986. 

7. CONCLUSION 

It i s  o f  great importance t h a t  the research on pub l i ca t ion  a c t i v i t y  of persons 
o r  teams has t o  take i n t o  account r e l a t i v e l y  large number of papers and longer 
publ ish ing periods and ind ica to rs  calculated dynamically. The ind ica to rs  
presented here refer  e i t he r  t o  a 10 year i n t e r v a l  o r  t o  data which are 
calculated yearly. The b ib l iomet r i c  ind ica to rs  presented help the  Directory 
Board o f  the C R I C  t o  promote pub l i ca t ion  a c t i v i t y  of the s c i e n t i f i c  teams. 

The Fi % ind ica to r  e.g. was 53 for the C R I C  i n  1975 whi le 75 i n  1982. The H 
P 

index was 1.11 i n  1979 and i t  increased up t o  1.36 by 1986. The favourable 
effects can be due t o  the subsequent evaluat ion and remuneration o f  s c i e n t i f i c  
papers. A pub l i ca t ion  and c i t a t i o n  data bank containing a l l  publ icat ions and 
c i t a t i ons  received by the researchers o f  the i n s t i t u t e  was established. It 
helps the researchers i n  f i nd i ng  in te rna t iona l  s c i e n t i f i c  r e l a t i ons  and i n  
preparing grant appl icat ions. 
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Table 1 : Specif ic pub l i ca t ion  and c i t a t i o n  ind ica to rs  character iz ing 
pub l i ca t ion  a c t i v i t y  o f  departments 

I D e f i n i t i o n  

1 .  Nunber o f  papers i n  a year ( n l  
per number o f  researchers 
working i n  the  department ( k )  

2. Nunber o f  apers w i t h  impact 
factor  (nfy times 100 per t o t a l  
nunber o f  papers i n  a year ( n l  

3. Sun o f  impact factors ( h i )  o f  
papers publ ished i n  a year per 
nunber o f  papers publ ished (nf )  

4. Number o f  r ea l  c i t a t i o n s  
received i n  a year ( I  ) by 
papers published i n  tKe 
preceding ten  year per 
n ~ b e r  o f  papers (nlo) 

5. Nunber o f  r e a l  c i t a t i o n s  
received i n  a year (I ) by 
papers publ ished i n  tKe 
preceding ten  year (n lo )  
per nmber  of researchers 
working i n  the department (k )  

Fotmula Name 

Pub l i ca t ion  
Frequency 

Impact Factor 
Frequency 

Expected 
Impact per 
Paper 

Real Impact 
per Paper 

C i ta t ions  per 
Researcher 

"Impact f ac to r  o f  paper'' i s  the impact f ac to r  o f  the journal  where the 
corresponding paper was published. 

Number o f  " rea l  c i t a t i o n s "  i s  the t o t a l  number of c i t a t i o n s  received, 
" i n  house" and se l f - c i t a t i ons  excluded. 



Table 2 : Corre lat ion constants, means and dispersion of personal and department da ta  



Table 2 

ko 

Posi t ion 

Degree 

: Publ icat ion Frequency f o r  ind iv idua ls  (paperlyear) 

: Average Publicat ion Frequency o f  ind iv idua ls  by departments 
(paperlyear) 

: Publicat ion Frequency per Researcher f o r  departments (paper/ 
researcher) 

: Expected Impact per Researcher fo r  departments (sun of impact 
fac to r  of journalslresearcher) 

: Expected Impact per Paper f o r  departments (sun o f  impact f ac to r  
o f  journals/paper) 

: Age of researchers 

: Average year ly  income o f  departments by contract  research 
divided by the number o f  researchers (Ft l researcher)  

: Value o f  equipment of departments per researcher (Ft l researcher)  

: Posit ion held by sc ien t i s ts ,  namely researcher ( I ) ,  head o f  research 
group (2) ,  head of department (3)  

: Sc ien t i f i c  degree of researchers, namely graduated research worker 
(0). PhD (I), Candidate of Science (2). Doctor of Science (31, 
member of the Hungarian Academy o f  Sciences (4) 
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Table 3 : Publ icat ion and c i t a t i o n  indicators f o r  departments 

I 

Publ icat ion 
indicators C i t a t i on  indicators 

Depart- 
ment 

Fp Fi % 

A : ag r i cu l t u ra l  chemistry 

B : bioorganic chemistry 

M : macromolecular chemistry 

0 : organic chemistry 

P : physical chemistry (PI, P2, P4, P6 : homogeneous cata lys is;  

P3, P5 : heterogeneous ca ta lys is )  

5 : molecular s t ruc ture  research (S2 : theore t ica l  chemistry) 

k : nunber o f  researchers 

for  Fp, Fi%, H , 9 . 9, see Table 1, f o r  RI, a, RLm, RI, see Table 7 
P P 
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Table 4 : Non-Publishing Rate and Publicat ions Cooperat iv i ty  Indicators 

De f i n i t i on  

1. Number o f  researchers without 
any paper through 3 years (kn) 

times 100 re la ted  t o  the  t o t a l  
number o f  researchers working 
i n  the department ( k )  

2. Sum of impact f ac to r  scores 
(Ihic) of papers of the 

department published i n  a 
3 year i n t e r va l  ( n f )  d iv ided 

by the sum of impact fac to rs  
of the  papers (zh.) i s  sub- 
t racted from un i t+  

Formula Name 

Non-Publishin! 
Rate 

Publ icat ion 
Cooperativi t y  

hic i s  the share of the value of the  impact f ac to r  (hi) of a paper ( i .e .  

journal where the paper was published) given t o  a department, i f  the  paper 
was published i n  cooperation w i t h  an other department (in-house cooperation) 
o r  i n s t i t u t e  (out-of-house cooperation). The d i s t r i b u t i o n  o f  impact f ac to r  
scores i s  performed by the  Publ icat ion Cornnittee of CRIC [I]. I f  there i s  no 
cooperation : hic = hi. 
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Table  5 : I nd ica tors  f o r  se lected departments charac te r i z ing  specia l  
pub l ica t ion  and c i t a t i o n  features 

Average 10 0.28 0.54 0.63 0.97 

Department 

81 
M 

D A D f o r  kn %, Co see Table 4 ,  f o r  PS, Cs and CS see Table  14 

kn % 

11 

16 

Co 

0.41 

0.11 

p: 

0.54 

0.61 

c: 

0.71 

0.46 

c: 
0.82 

1.08 



Table 6 : Corre lat ion constants, means and dispersions o f  pub l ica t ion  and c i t a t i o n  i n d i c a t o r s  f o r  departments 

Fi % H Mean Disper- I 5 I P Q r R~ 'w '~rn sion 

D 
For F  Fig, H , Q , Qr see Table  1; for  RI, a, Rim. R;,,, see Table 7;  f o r  kn%, Co See Tab le  4; f o r  PS see 

P ' P P 
Table  10. 
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Table 7 : Relat ive C i t a t i on  Indicators Characterizing Publ icat ion A c t i v i t y  
o f  Departments 

De f i n i t i on  

1. Number of rea l  c i t a t i o n s  received 
i n  a  year ( I r )  by papers published 

i n  the  preceding 10 year ( y o )  

d iv ided by the  sum of impact 
factors (hi) o f  the papers 

2. Number o f  r ea l  c i t a t i ons  i n  a  
year ( I r )  t o  papers published 

i n  the  preceding 10 year d iv ided 
by the  number o f  the papers . - 
times the  average impact factor  
o f  the  corresponding subf ie ld (Ti) 

- 

3. Tota l  number of c i t a t i o n s  
received i n  a  year ( I )  t o  
papers publ ished i n  the  
preceding two year (n& 

div ided by the  sum o f  impact 
fac to rs  o f  the  papers 

4. See Rim : 
I, represents the number of 

r ea l  c i t a t i ons  i n  a  year 

Fonnul a  Name 

Relat ive 
C i t a t i on  
Ind ica to r  

Relat ive 
Subf ie ld  
C i  tedness 

Relat ive 
Citedness 

Relat ive 
Real 
C i  tedness 
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Table 8 : Indicators character iz ing d i s t r i b u t i o n  of papers of research 
subf ie lds i n  CRIC among journals 

Def in i t ion  

1. Nunber o f  papers published i n  
a ten year i n t e r va l  ( y o )  per 

number o f  journals used (n. )  
3 

2 .  Number o f  journals used f o r  
pub l i ca t ion  i n  a ten year 
i n t e r va l  (n. )  times 100 per 

J 
WIIber o f  journals of the  
corresponding subf ie ld ( j )  

3. Number o f  journals conta in ing 
h a l f  o f  the  papers published 
i n  a ten year i n t e r va l  (n .  ) 

J / Z  
times 100 per t o t a l  number o f  
journals used (n.)* 

J 

4. Legend : 

i s  equal t o  the  sum o f  rank 
1 )  times proport ion i n  each 9 .  . 

category (ai; number o f  
papers) 
N i s  the number of the  
categories 

5. Sum of the number of papers 
(nil published i n  the respec- 

t i v e  per iodicals  i n  a ten year 
i n t e r va l  times impact fac to rs  
(hi) of the respective 

per iodicals ,  ( n  i s  the t o t a l  
number o f  papers) 

Formula 

" l o  
pd = Tj- 

n 
TWI = r n.h. 

i = l  1 ' 

Publ icat ion 
Density 

Name 

Publ icat ion 
DisDersion 

I 

Publ icat ion 
Concentration 

P r a t t ' s  
measure (C) 

(Publ icat ion 
Spreading) 

Total Weighted 
Impact 

* Remark : I n  ca lcu la t ing  PC% index, journals need t o  be ordered i n  decreasing 

p roduc t iv i t y  o f  papers. 
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Table 9 : Indicators Characterizing Publishing A c t i v i t y  o f  Research Subfields 
i n  the C R I C  

Physical Chemistry 
(Homogeneous Catalysis) 

Physical Chemistry 
(Heterogeneous 
Catalysis) 

Molecular Structure 
Research 1 603 1 117 1 2.74 1 34 1 5.15 1 344 1 9 1 0.33 1 

Research subf ie ld  

Organic Chemistry 

I I I I 

: number of papers published .(1976-1985) 

n .  : number of journals used 
J n 

Fp = -E 
k : number o f  researchers working i n  the given subf ie ld 

j : number o f  journals representing the subf ie ld  

F~ 

0.72 

253 

137 

Bioorganic Chemistry 

For Pd, Pr%, PC% and C, see Table 8. 

"10 

204 

Table 10 : Mean Impact Factors (x) and Percentage D i s t r i bu t i on  o f  the Total 
Weighted Impact (TWI) f o r  the Standard Per iodicals by Subfields 

j 

41 

nj 

54 

56 

34 

Macromolecular Chemistrv 1 254 1 43 1 1.41 1 26 1 5.91 1 165 1 7 1 0.67 

128 

pd 

3.78 

0.97 

1.05 

62 

Research Subf ie ld 

Organic Chemistry 

Physical Chemistry 

For TWI and hi, see Table 11. 

Bioorganic Chemistry 

Macromolecular Chemistry 

Molecular Structure 
Research 

pr % 

132 

46 

46 

0.60 

5 

1.71 

1.46 

2.45 

1.16 

1.49 

pC % 

13 

4.51 

4.03 

47 

TWI % 

c 

0.55 

hi S 0.55 

7 

4 

5 

- 

3 

122 

74 

2.07 

0.5K < hi 5 1 . R  

61 

65 

57 

74 

83 

7 

12 

132 

hi > 1 . n  

32 

31 

38 

26 

14 

0.64 

0.60 

24 0.37 



Table 1 1  : Number o f  Percent of Tota l  Weighted Impact (TWI) of CRIC Teams by Impact Factor Ranges 

I n I TWI I 

Organic Chemistry 

Research Subf ie ld 

I I I I I I I I 

I I 

number 1 73 1 112 1 7 1 31.74 1 177.29 1 32.96 1 0.435 1 
I 

percent 
I I I I I I I I 

Physical Chemistry 
(Heterogeneous number 

Catalysis) percent 

I I 

M 

o.318 
Physical Chemistry number 

I I I I I I I I 

n 
I : hi S 0.5F TWI = E n.h. 

1 1  
hi : impact factor  of a given per iod ica l  

I 1  : 0.n < his 1.5F i -1 n : t o t a l  number of papers ( i n  t he  10 year i n t e r v a l )  
111 : hi > 1.55 TWI = -  

n n ni : number o f  papers i n  a given per iod ica l  

70 
b3 

Macromolecular number 
Chemistry percent 

Molecular Structure number 
Research percent 

111 

58 

(HomogeneousCatalysis) percent 1 b2 1 26 1 12 1 21 1 42 1 37 

125 

o.750 Bioorganic Chemistry 

31 
L8 

number 

115 
54 

165 
33 

I 

4 1 13 

53 

10 
9 

46 

91 
43 

312 
6'2 

I I 

73 

24 

percent 

14 

22.74 
L4 

46 
44 1 44 j 12 1 1 7  1 51 1 32 

7 

26 
5 

I11  

39.69 

I 

45.54 
48 

12 

77.50 

43.08 1 82.24 

69.00 

26.09 
Ltl 

34.48 

15.30 

82.10 
13 

66.43 
10 

0.325 

o.375 

0.403 492.89 
I I 

104.80 65.16 
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Table 12 : Ind ica to rs  character iz ing the t ime f ac to r  o f  research process 

Formula 

1. Author 

2. Subf ie ld 

D e f i n i t i o n  

Publishing year o f  the  paper ( y  ) 
P 

minus the  mean publ ish ing year of the  

self-references (yS) 

Publ ishing year of the paper ( y  ) 
P 

minus the  mean publ ish ing year o f  the  

referenced papers (yr)  (self-references 

excluded) 

Remark : The ind ica to rs  are preferably derived f r an  data o f  a great number of 
publ icat ions published i n  a longer t ime- interval .  
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(ts;tr) standard 
R(ts'tr) = (t . I department sstr 

For tS and tr, see Table 12. 

Table 13 : Time Indicators of Papers published by Research Departments 

S1 

Average 

4.6 

5.0 

10.9 

12.5 

0.67 

0.67 

0.86 

0.84 
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Table 14 : Publ icat ion and C i t a t i on  Strategy Indicators*  o f  Departments 

D e f i n i t i o n  

1. Mean impact f ac to r  of per iod ica ls  
(K ) used for pub l i ca t ion  by the 

P  
department d iv ided by the  mean 
impact f ac to r  f o r  journals of the 
corresponding sub f ie ld  (%) 

papers o f  the  department I I 

2. Average impact f ac to r  o f  se l f -  
c i ta t ions**  ($) per t ha t  o f  

r ea l  c i ta t ions* '  (KJ i n  

3. Mean impact f ac to r  of r ea l  
c i ta t ions**  (fir) i n  papers of 

Formula 

6 

the  department per t h a t  fo r  
the corresponding subf ie ld**  
($1 

Name 

Subf ie ld  
Publ icat ion 
Strategy 

K 
CA = 2 s 5 

Author 
C i t a t i o n  
Strategy 

* : A l l  ind ica to rs  are preferably derived from data of a  great  number of 
publ icat ions published i n  a  longer t ime- interval .  

h;. 
C; =-# 

** : The mean impact f ac to r  of se l f -c i ta t ions  and rea l  c i t a t i ons  i s  t h a t  of 
the journals where the  se l f - c i t ed  and rea l  c i t ed  papers were published. 

Subf ie ld 
C i t a t i on  
Strategy 


