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Abstract 

I n  1987, Peter Junars, the  e d i t o r  of Limnology and Oceanography, 
reported t h a t  the r a t i o  o f  p r i n ted  pages of t e x t  t o  nunber o f  
references had decreased dur ing the period 1980 t o  1987. I n  other  
words, authors were using an increasing nunber o f  references - an 
observation which was o f  sane concern because LimnoZo~y a d  Oceano- 
graphy publishes on ly  a f i xed  nunber o f  pages per year. I n  the 
present study, an attempt was made t o  d e t e n i n e  whether journals 
from other s c i e n t i f i c  d i sc i p l i nes  (botany, physical chemistry, and 
geology) were undergoing a s i m i l a r  change i n  the r a t i o  of t e x t  t o  
references. SCISEARCH, the on l ine  vers ion o f  Science Citation Index, 
was used t o  obta in a random sample of 900 a r t i c l e s  from 30 journals. 
Contrary t o  Jumars' f indings, no s i gn i f i can t  changes were observed 
between 1980 and 1987 i n  the r a t i o  of t e x t  t o  references. However, 
overa l l  a r t i c l e  length d i d  increase over the period studied. 

It i s  we l l  known t h a t  today's society i s  i n  the midst o f  an i n f o n a t i o n  
explosion [I]. I n  1980, i t  was observed t h a t  " the increase ( i n  i n f o n a t i o n )  
has been so exponential t h a t  we have been able t o  generate more p r in ted  
i n f o n a t i o n  i n  the past 10 years than i n  mankind's complete h is to ry "  121. 
I n  sp i t e  o f  t h i s ,  u n t i l  the  ea r l y  1980's l i b r a r y  budgets were general ly able 
t o  keep pace w i t h  i n f l a t i o n  and w i t h  the steady growth i n  s ize  and nunber of 
research journals [31. However, w i t h  the  onset o f  the  recession, budgets were 
cu t  an buying power was reduced. As a resu l t ,  co l lec t ions  i n  many l i b r a r i e s  
have been reevaluated and per iod ica ls  cancelled. 

I n  response t o  these trends, publ ishers o f  journals'have become "much more 
cautious, and, wary o f  l o s i n  subscriptions... have o f t en  r e s t r i c t e d  page 
budgets t o  keep costs down" '? 31. I n  fact ,  i n  many f i e l d s  there i s  now "an 
economic l i m i t  on the  t o t a l  I I ~ b e r  o f  pages avai lable t o  sc i en t i s t s "  even 
though the nunber o f  manuscripts suhni t ted i s  increaring. 

At the same t ime t h a t  the  a v a i l a b i l i t y  o f  journal  space i s  being cur ta i led ,  
there may be a growing tendency fo r  authors t o  inc lude longer b ib l iographies 
i n  t h e i r  papers. For instance, i n  a study o f  21 psychology journals, Xhignesse 
and Osgood found a 69 % growth i n  the volume o f  c i t a t i ons  over the decade 
1950-1960 141. More recent ly ,  Cronin observed a 68 % increase i n  the mean 
nunber o f  c i t a t i ons  per paper i n  the JournaZ of EducationaZ Psychology over 
the years 1960-1970, and a 72.7 % increase for the period 1970-1979 [51. These 
data suggest that ,  i n  a t  l eas t  one o f  the socia l  science d isc ip l ines ,  an 
increasing amount of journal  space may be taken up w i t h  c i ta t ions .  

Please address correspondence concerning t h i s  a r t i c l e  t o  the second author 
a t  the School o f  L ib ra ry  and Information Science, Un ivers i ty  o f  Western Ontario, 
London, Ontario, Canada, N6G 1Hl. 
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A s i m i l a r  observation has been made i n  the natura l  sciences. The e d i t o r  o f  
Limnology and Oceanography reported tha t ,  wh i le  the r a t i o  o f  p r i n ted  pages o f  
t e x t  t o  p r i n ted  pages o f  references was 10:l i n  1980, by 1987 i t  had decreased 
t o  8:l [61. Because t h i s  journal  has a r e s t r i c t e d  page budget, Jumars ( the  
ed i t o r )  urged authors t o  l i m i t  the c i t a t i o n s  i n  t h e i r  manuscripts " t o  review 
papers and essent ia l  references w r i t t e n  a f t e r  those reviews". He claimed t h a t  
if authors l im i t ed  themselves t o  f i f t e e n  reference c i t a t i o n s  per ten pages o f  
t ypescr ip t  the  journa l ' s  r e j ec t i on  ra te  could be lowered from 60 % t o  58 %. 

It i s  not  c lear  whether a s i m i l a r  t rend i s  occurr ing i n  other  s c i e n t i f i c  
journals because, w i t h  the exception o f  Junar's observations, no data have been 
col lected.  It seems reasonable t o  expect an increase i n  c i t a t i o n s  given the 
increasing ease w i t h  which sc i en t i s t s  have access t o  i n f o n a t i o n  through 
automated indexing and abstract ing services. I n  1986 there were over 2000 o f  
these services i n  science and technology, many o f  which are ava i lab le  onl ine. 
I n  fac t ,  the n ~ b e r  o f  on l ine  databases has increased by m r e  than 600 percent 
since 1979 [21. 

To t e s t  the gene ra l i zab i l i t y  o f  Junars' f ind ings,  journals frm botany, 
~ h y s i c a l  chemistrv and qeoloqv were examined t o  determine whether a s i m i l a r  
decrease i n  the r a t i o  oi' t e x t - t o  references would be observed. Comparisons 
of tex t l re fe rence r a t i o s  were made between random samples o f  a r t i c l e s  
published i n  1980 and 1987. 

METHOD 

SAMPLING 

S i x t y  journals were randomly selected from the l i s t s  o f  botany, physical 
chemistry and geology journals p r i n ted  i n  the  SCI Science Citat ion Index 1987 
Annual : Guide and Lis t s  of Source Publications. From these, t en  journals frm 
each d i s c i p l i n e  were selected based on : ( i )  a v a i l a b i l i t y  ( t he  journals had t o  
be ava i lab le  fo r  inspect ion a t  loca l  un ivers i ty  l i b r a r i e s ) .  ( i i  ) coverage by 
SCISEARCH (each journal  had be indexed by SCISEARCH i n  both 1980 and 1987) and 
( i i i )  s i ze  ( the  journals had t o  contain a t  l eas t  f i f t e e n  a r t i c l e s  i n  both 1980 
and 1987). 

Using the  Journal Name Index i n  SCISEARCH ( the  on l ine  vers ion o f  Science 
Citat ion Index),  f i f t e e n  a r t i c l e s  were randomly selected i n  1980 and i n  1987 
from each of the  t h i r t y  selected journals f o r  a t o t a l  sample o f  900 a r t i c l es .  
Journal a r t i c l e s  i n  SCISEARCH are those NOT indexed under a spec i f i c  d o c w n t  
type. I n  other words, bibl iographies, review a r t i c l es ,  book reviews, b r i e f  
comunications, and l e t t e r s  were excluded frm the sample. 

DATA COLLECTION 

For each journal  included i n  the sample a record was made o f  the  type o f  
publ isher  (canmercial press, society, o r  government agency). I n  addi t ion,  
for both years studied, the number o f  words on a f u l l  page o f  t e x t  was 
estimated for  each journal .  T k  estimated nunber o f  words per page from each 
year was averaged t o  produce a conversion f ac to r  which was used t o  n o n a l i z e  
the  length of each a r t i c l e  i n t o  the  nunber o f  words per a r t i c l e .  This was 
necessary because of the d i f fe ren t  page fonnats used i n  the  journals (they 
var ied i n  size, type sty le,  and number of colunns of t e x t  per page). 

For each a r t i c l e  included i n  the  sample the nmber o f  pages and references 
were recorded, as was the nunber o f  co l labora t ing  authors ( s i ng le  o r  mu l t ip le ) .  
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DATA ANALYSIS 

Analysis of variance (ANOVA) tes ts  were used t o  determine i f  there were 
differences i n  text l reference r a t i o s  between : ( i )  years (1980 and 1987). 
( i i )  d isc ip l ines  (botany, physical chemistry, and geolo ), ( i i i )  journals, 
and ( i v )  publishers ( c m e r c i a l  , society and governmenty When s ign i f i can t  
values were obtained, post hoc comparisons o f  c e l l  means were made using the 
Tukey HSO test ,  e < .05. Where Hart ley Max tes t s  revealed t ha t  the variances 
i n  the samples were large, t ha t  i s ,  when the assumption of homogeneity of 
variance was v io lated,  the non-parametric Kruskal-Wallis I! t e s t  was used t o  
v e r i f y  ANOVA resul ts .  

RESULTS 

YEAR OF PUBLICATION 

The mean number of references c i t ed  per a r t i c l e  i?creased s i gn i f i can t l y  (by 
18 X )  between 1980 ( x  = 26, s.d. = 17) and 1987 ( x  = 31, s.d. = 21). 
F (1.898) = 12.76, < .001. At the same tine, the length o f  a r t i c l e s  also 
increased s ign i f i can t ly - (by  12 %) between 1980 ( i  = 6928 words per a r t i c l e ,  
s.d. = 4687) and 1987 ( x  = 7761, s.d. = 4846). - F (1.898) = 6.87, e = .009. 

Contrary t o  what might have been expected given Jumars' observations [41, the 
text l reference ra t i o ,  t ha t  i s ,  the r a t i o  o f  words per a r t i c l e  t o  number o f  
references, d i d  no t  change s i  n i f i c a n t l y  between 1980 ( i  = 393. s.d. = 858) 
and 1987 ( x  = 385, s.d. = 8843, F (1.898) = .02, e = .89, I n  other words, the 
authors i n  t h i s  sample made proport ionately the same number o f  c i t a t i ons  t o  
pages of t e x t  i n  1987 as they d id  i n  1980. 

SCIENTIFIC DISCIPLINE 

A s ign i f i can t  difference was observed i n  the text l reference r a t i o  accross 
d isc ip l ines ,  F (2.897) = 11.01, < .001; H = 15.57, p < .05. Although caution 
should be use3 i n  i n te rp re t i ng  t k s e  resu l fs  given thF uneven variances i n  the 
samples, Tukey's HSO t e s t  suggests t ha t  the mean textlreference r a t i o  was 
s i g n i f i c a n t l y  higher i n  geology ( x  = 5l9, s.d. = 1462) ( i nd i ca t i ng  t ha t  fewer 
references yere used) than i n  botany ( x  = 285, s.d. = 171) and physical 
chemistry ( x  = 302, s.d. = 241). That i s ,  the geologists used fewer references 
per page o f  t e x t  than d id  the sc ien t i s t s  from other d isc ip l ines.  

JOURNALS 

As can be seen i n  Table 1, the m a n  nmber of references c i t e d  per a r t i c l e  
ranged great ly  accross the journals. The lowest nmber c i t e d  was i n  the 
physical chemistry journal ,  Applications of Smface Science ( the  overa l l  mean 
over the two years studied was 19 references per a r t i c l e ) ,  whi le the highest 
was i n  the geology journal, the JournaZ of Petrology ( x  = 59). 

The analysis of variance and the Kruskal-Wallis H tes ts  indicated s i gn i f i can t  
dif ferences i n  the journals '  mean tex t l r e fe rence ra t i os ,  F (29.870) = 11.92, 
p <  , . O O l ,  H = 1 7 5 . 0 , ~  < .05. The HSO t e s t  revealed t ha t  €he mean text l reference 
r a t i o  i n  t5e geolo journal, rlAPG BuZZetin, was s i g n i f i c a n t l y  higher than i n  
any other journal  K h e  Bulletin contained several a r t i c l e s  i n  which the authors 
c i t e d  no references a t  a l l ) .  Othemise, as can be seen i n  Figure 1, there was 
a great deal o f  consistency i n  the mean text l reference r a t i o s  accross the 
journals, most o f  which ranged between 200 and 300. 
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Table 1 : The mean nmber o f  references Der a r t i c l e  oer iourna l  i n  three . - 
d isc ip l ines  

D isc ip l ine  

Botany 

Austra l ian Journal o f  Botany 
I s rae l  Journal o f  Botany 
Review o f  Palaeobotany & Palynology 
Soviet Plant Physiology 
Physiologia P lan tarm 
Environmental and Experimental Botany 
Journal o f  Experimental Botany 
Z e i t s c h r i f t  fir Pflanzenphysiologie 
continued by Journal of Plant Physiology 
Annals o f  Botany 
Planta 

Physical Chemistry 

Journal of Co l lo id  and In te r face  Science 
Journal o f  Photochemistry continued by 
Journal o f  Photochemistry & Photobiology A - Chemistry 
Journal of Physical Chemistry 
Theoretica Chimica Acta 
Surface Science 
Applications o f  Surface Science 
Biophysical Chemistry 
Journal o f  the Chemical Society - Faraday Transactions 
I + I 1  
Journal o f  Molecular Structure 
Internat ional  Journal o f  Quantum Chemistry 

Geology 

Economic Geology 
Geological Society of h e r i c a  B u l l e t i n  
Chemistry ~ e o l o g y  
Sedimentarv Geoloav 
Journal o i ~ e t r o l 6 i g y  
L i thos - ~ .- 
American Mineraloaist ~ -~ 

New Zealand Journal of Geology 
AAPG B u l l e t i n  - h e r i c a n  Association o f  Petroleum 
Geologists 
Scot t ish Journal of Geology 
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1 Botany 10 Physical Chanlstry 20 30 

Journals 

The mean t e x t  (words per ar t ic le) / reference r a t i o  i n  three 
d isc ip l ines  (10 journals/d isc ip l ine)  for 1980 and 1987. 

TYPE OF PUBLISHER 

Sixty-three percent o f  the a r t i c l e s  sampled were i n  journals published by 
comercia1 presses, 30 % by societ ies, and 7 % by government agencies. The 
mean texttreference r a t i o  d i f f e r e d  s i gn i f i can t l y  by type of publisher, 
F (2,897) = 10.51, e < . O O l ;  = 52.55, e < .05. The comnercial publishers - 
( j i  = 289) had a s i g n i f i c a n t l y  smaller mean text/reference r a t i o  than e i t he r  
the societ ies (5; = 564) o r  government agencies (5; = 553). These resu l ts  
ind ica te  tha t  there were more references per words of t e x t  i n  a r t i c l e s  
produced i n  c m e r c i a l l y  published journals than i n  those produced by societ ies 
or  government publishers. 

SINGLE VERSUS MULTIPLE AUTHORSHIP 

The major i ty  o f  the a r t i c l e s  sampled (74 X )  were w r i t t en  by more than one 
author. These papers were s i g n i f i c a n t l y  shorter (5; = 7115 words per a r t i c l e )  
than those wr i t t en  by s ing le  authors (5; = 8000 words per a r t i c l e ) ,  t (374) = 
2.33, < .05. However, although they wrote longer papers, the s ing le  authors 
made t f e  same nmber of c i t a t i ons  (on a words per a r t i c l e  basis) as those who 
co-authored a r t i c l es .  That i s ,  there was no s i gn i f i can t  d i f ference between the 
mean teWreference ra t i os  o f  s ing le  and multiple-authored papers. 

DISCUSSION 

The resu l ts  of t h i s  study revealed t ha t  the number of references per a r t i c l e  
increased i n  s c i e n t i f i c  journals between 1980 and 1987. However, wh i le  the 
number of c i t a t i ons  increased, the t o t a l  nmber o f  words per a r t i c l e  a lso 
increased w i t h  the r e s u l t  t ha t  the r a t i o  o f  t e x t  t o  references d i d  no t  change 
s ign i f i can t l y  between 1980 and 1987. Thus, Junars' observations about the 
journal of Limnotogy and Oceunog~aphy are no t  generalizable t o  journals i n  
the f ie lds  of botany, geology, and physical chemistry. 
The overa l l  increase i n  the length of a r t i c l e s  indicates changes i n  the 
w r i t i n g  patterns o f  sc ien t is ts  more cmplex  than Junars' suggestion tha t  
authors are simply using word processing technology t o  dunp "per ipheral ly  
relevant references i n t o  manuscripts" [6 l .  This increase i s  surpr is ing  given 
the l im i t ed  page budgets o f  many journals and the various st rategies used by 
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publishers t o  r e s t r i c t  a r t i c l e  length. It i s  a lso  curious t h a t  a r t i c l e s  frm 
c m e r c i a l  publishers had a laver  t e x t  t o  reference r a t i o  than a r t i c l e s  
published by societ ies of goverment agencies. Are the societ ies and government 
publishers more aware of t h i s  phenomenon than the c m e r c i a l  publ ishers and 
t:erefore r e s t r i c t i n g  references or  are the c m e r c i a l  publ ishers simp1 y more 
concerned than others w i t h  the need t o  support argunents i n  s c i e n t i f i c  
a r t i c l e s  w i t h  references? 

I n  the " Instruct ions t o  Authors" sections o f  many o f  the journals examined i n  
t h i s  study, a r t i c l e  length l i m i t s  were suggested. For example, i n  the Journal 
of Experimental Botany authors are requested t o  subni t  manuscripts t ha t  do no t  
exceed 5000 words, inc lud ing  f igures.  I n  some cases, such as i n  the journal  
PhysioZogia Pkzntazwn, authors are b i l l e d  f o r  the p r i n t i n g  costs of a r t i c l e s  
t ha t  exceed s i x  p r in ted  pages. 'Voluntary' page charges are c m o n  i n  geology 
journals (as high as $125.00 per page i n  the CeotogicaZ Society of Amerim 
BuZZetin). Despite these attempts t o  r e s t r a i n  verbose authors, i n  none of the 
journals examined d i d  ed i to rs  mention l i m i t s  as t o  the numbers o r  types of 
references (such as review a r t i c l e s )  t ha t  should be c i ted.  

It i s  c lear  f r an  the resu l ts  o f  t h i s  study t ha t  the problem o f  inadequate 
s c i e n t i f i c  journal space ( i f  i t  r e a l l y  i s  a problem) has no t  resul ted i n  a 
decrease i n  t he  length of published a r t i c l e s  ( a t  l eas t  i n  the d i s c i p l i n e  o f  
geo!ogy, botany,and physical chemistry). Furthermore, i t  s e n s  t h a t  c u r t a i l i n g  
a r t i c l e  length i s  no t  simply a matter of curbing the tendency t o  use very- 
increasing l i s t s  o f  references, but may involve persuading authors, as we l l  
as ed i to rs  and reviewers, t h a t  shorter  papers are desirable. 
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