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Based on CANCERNET (a literature information 
system, formerly called SABIR·C) a quantitative 
comparison of free text and controlled vocabulary 
used in indexing and retrieval is given. The advan­
tages of free text search are compared with the 
convenience of searches using controlled vocabu­
lary. An indexing consistency text of 683 double 
indexed articles is commented on. The results are 
evaluated with regard to loss of information from 
the author to the user. They show the necessity of 
both free text and controlled vocabulary in an 
optimum combination.  Author 

1 .  Indexing typology of information systems 

further to the right a system is located, the more de 
tailed the classification structure of its vocabulary (1). 
The further down the system is the more complex are 
the means of describing the documents and of select­
ing key words from the documents. The two main fac· 
tors are (down) which and what kind of tool for conden­
sation of the content in the documents is used (e.g. free 
or controlled vocabulary) and (right) how detailed and 
well differentiated the terms are arranged for a later reo 
trieval. One could assume that the more complex a vo­
cabulary structure is, the more expensive the informa­
tion service. Indeed only information systems with little 
structure can be viable without subsidy. The best exam· 
pIe of this is proved by the information systems of lSI in 
Philadelphia. They have other advantages however: they 
provide for rapid perfonnance, are up to date, make use 
of the citation approach, and exclude subjective factors; 
among the disadvantages is a retrieval with relatively low 
recall and no weighting of the value of the article. 

An evaluation of information systems indexing de­
serves special attention. Table I shows a typology of 
some computerized biomedical information systems 
available in Germany. It shows two coordinates: the 

It is surprising that there are so many US information 
systems without controlled vocabulary (one exception is 
MEDLARS). Only one system (the European CANCER­
NET) has controlled vocabulary and free key words 
being sufficiently open to changes. It can be assumed 
that users' needs are not only recall-oriented; particular­
ly in medicine, with its difficulties in nomenclature, 
there seems to be a trend towards free text. This ex· 
plains why the two systems MEDLARS and CANCER· 
NET have experienced a policy change during the last 
two years. They now take up more free text for docu­
ment analysis. Of course, this was favored by the further 
development of search technology. Especially in Europe 
the main approach to document storage was to analyze 
the contents of documents semantically; the hope was to 
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Table I :  Survey and classification of the most important biomedical information systems. 

* We gratefully acknowledge the permission of the Deutsche 
Gesellschaft fUr Dokumentation e,V. to print this revised 
English version of a paper presented at the "Deutscher Do­
kumentartag 1977" in Saarbriicken, German version is con­
tained in its proceedings volume. 

provide the optimum basis for a later information re­
trieval by indexing the documents in as much detail as 
possible, Because the role of indexing was overstressed 
the following points have not been given adequate atten· 
tion. 
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I .  Is it economically justifiable to devote a great deal of 
time and money on input if retrieval is the factor 
which limits information output: is the great effort 
involved in storing articles worthwile if only a small 
percentage of them are likely to be recalled? 

2. Does the construction of a thesaurus enable retrieval 
without the use of free text information? 

3. Is not condensing the data of a document into key 
words (and even more into controlled vocabulary) 
even more inefficient on recall than a later free text 
search? 

4. Is a thesaurus up to date with present knowledge? Is 
it not necessary that the topical facts expressed in 
words appearing for the first time in the documents 
are available immediately for information retrieval? 
Is free text the only means of fulfilling this task in an 
ideal way? 

5. Can high precision always be achieved? Is it not in· 
evitable that one can have either high recall or high 
precision? 

2. Frequency distribution of free and controlled 
vocabulary 

Bhattacharyya (2) reported in length on the role of 
natural language in indexing and in retrieval in the va­
rious scientific disciplines. The above mentioned ques­
tions are to be answered with reference to statistical ma­
terial based on CANCERNET. In order to prove or con· 
tradict the above theses the structure and the vocabulary 
of thesaurus, indexing, and search were examined with 
regard to the frequency of use of the key words. The 
distribution of the indexed vocabulary is shown in Fig. I : 
the greater the number of documents stored in the data 
bank, the higher the shift to the right; i.e. the fewer 
keywords in the lower frequency classes. Fig.2 shows 
the frequency of the free key words not belonging to the 
controlled vocabulary. When plotting on a logarithmic 
scale it is remarkable that the lines which should be par· 
allel (according to Zipfs law) are actually intersecting. 
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Fig. 1: Distribution of descriptors of CANCERNET in 
14 frequency classes in the document sets 
1 0 000, 25 000, 70 000 (logarithmic scale) 

It follows that the vocabulary collections shown have 
not developed "freely". The free key words are indeed 
regularly examined for incorporation into the thesaurus. 
High frequency is not the only determining factor since 
certain free key words are meaningful only in their prop· 
er context and when read in the key word category of 
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Fig. 2: Distribution of "free" key words of CANCER· 
NET in 8 frequency classes in the document sets 
1 0 000, 70000, 90 000 (logarithmic scale). 

the document. Using 6000 evaluations, Sicker (3) found 
that many key words are rarely or never used as search 
terms despite high information value in documents. The 
division into two kinds of key words (search terms and 
non-search terms as context description), which is also 
employed in CANCERNET, is recommended especially 
because the · size of the controlled vocabulary in the 
thesaurus can be kept optimum and manageable, thus 
meeting both aims of the user: 

High recall by using thesaurus key words (for com· 
mon terms) 
High precision by using free key words and also free 
text (for topical concepts). 
The frequency distributions of title words, free key 

words and descriptors are shown in Fig. 3 .  Again the ad· 
vantage of a controlled vocabulary for better recall be .. 
comes apparent: There are few different types, especial· 
Iy in lower frequency classes. This entails fewer key 
words for an average search formulation since several 
synonyms and various derivations are combined into one 
descriptor of the controlled vocabulary. 

The data bank can be subdivided into segments of 
arbitrary length. Thus indexing frequencies can be col· 
lected at intervals as illustrated by the following results 
obtained over a period of six months. By means of our 
automatic search evaluation program we were able to 
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Fig. 3: Comparison of frequency distributions for de­
scriptors, "free" key words, and title words in 
the document set 90 000 (logarithmic scale). 

evaluate the requested searches with reference to various 
criteria. For this purpose we have selected the following 
categories: 
- Entering article numbers of references found into the 

memory 
Entering key words, free terms and other search char­
acteristics used during the search into the memory. 
Evaluation of the first category will prove useful in 

the following discussion. From Fig. 4 it becomes appar­
ent that the articles most frequently retrieved (with 
search frequencies of 1 3  and 12) were also the most re­
cent (articles from 1977 are naturally represented less 
since the evaluation began only in the beginning of 
1977). In this evaluation it was most interesting that 
more than 20% of the total information was extracted 
by the searches. For this reason there is no doubt that 
the effort on the input side is worthwile, since these 
20% (19459 different citations) were retrieved after 
only 6 months. The average quote per search was 47 
citations. The distribution of the article frequencies is 
shown in Fig. 5 .  

3 .  The value of indexing 

To determine whether indexing is worth the effort or 
whether free text searches would be more economic, the 
following aspects must be considered: 
- is indexing better than adequate free text incorpora­

tion if ideal conditions are assumed in both cases? 
- how good is indexing in practice? 
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Fig. 4: Age distribution of documen ts retrieved in 666 
requests during January-June 1977 in CANCER­
NET (Heidelberg). 
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Fig. 5: Frequency distribution of number of references 
retrieved in 666 requests during January-June 
1977 in CANCERNET(Heidelberg). 

The first question can be answered by showing that 
either free text search or searching with standardized 
key words yields higher precision. In some special disci­
plines one cannot be sure that the user means the same 
as the author with his free text term, often because the 
author has used the same word years ago with a totally 
different connotation from the one the user would use 
today. Therefore it is questionable whether the special 

. vocabulary in free text is really a better means of com-
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munication than a controlled vocabulary. Otherwise 
there would not be several committees on standardizing 
and systematizing vocabularies for each discipline. How. 
ever a thesaurus enables any special vocabulary to be 
arranged in such a manner that orientation is easy. . 

It' is well known that not all important facts In a 
publication find proper representation, either in titles or 
in abstracts: e.g. for cancer research the very important 
descriptor "survival time more than five years" can 
hardly be found in free text circumscription, because a 
standardization of free text input cannot be assumed as 
in the case of controlled vocabulary. 

A sample of 1 00 out of 3900 descriptors of CAN. 
CERNET shows that only about 50% of the descriptors 
are represented properly in free text; when one uses 
some kind of classification (as in CANCERNET with 4 1  
document·oriented categories) a further 20% can b e  reo 
trieved by a combined free text and classification ap. 
proach. A further 10% can be retrieved by means of 
sophisticated free text retrieval with operators as "adj"l. 
If there is no classification at all, some problems are not 
well solved as, for example, poor associativity of the 
"adj" function. When searching abstracts, this case withM 
out associative adjacent is especially critical. These in. 
vestigations verify the experiences of Rothkirch-Trach 
(4), who has stated that 70% of all key words are terms 
consisting of more than one word and hence only re­
trievable with a more complex retrieval tool. 

An evaluation of our own shows further that when 
the key words are correctly represented by free text ex· 
pressions, barely 50% of its key word frequency can be 
found as title word frequency. Of course abstract word 
frequencies are much higher but give less precision in 
retrieval. 

The converse evaluation of two samples of 100 titles 
words one out of 2800 most recent title words within 
the la;t half year and the other out of 6 1  000 different 
title words (of the whole CANCERNET data base) has 
shown that 35% of all title words could not be mapped 
into the thesaurus without loss of information. 5 % were 
trivial words which were not included in the stop word 
list and among the remaining 30 terms were 25 special 
wo;ds and 5 names or numbers (Fig. 6). This proves that 
free text search cannot be abandoned. This is especially 
important in cases of descriptors with low indexing fre· 
quency (often concepts newly implemented into the 
thesaurus). 

1 Acute " adj" Leukemia means that both terms should �c
.
cur 

connected. This operator is necessary for further specIfIca­
tion in searches using inverted fIles. 

4. The value of free text searching 

By using free text searching not only precision but also 
recall can be improved considerably. The reason for this 
is probably that indexers do not see the same impor. 
tance of some concepts for the user as the authors did 
in writing their titles and abstracts. Because of the oc. 
currence of some hierarchical "brothers" the indexer 
might have thought it more reasonable to apply broader 
terms. In this case, free text searching would mean indeed 
just a further retrieval aid to ensure a comp�nsation of 
probable indexing weaknesses. The evaluatIOn of the 
searched terms in CANCERNET (Heidelberg) within the 
first six months of 1977 shows that the number of 
"tokens" (amount of words used irrespective of repeti­
tions) consists of 86% controlled vocabulary and 14% 
free text vocabulary; 2% of the free text elements used 
could not be mapped into the set of the controlled 
vocabulary. The corresponding articles could be reo 
trieved only by means of free text searching (Fig. 7). 

The surprisingly high number of free text terms is 
understandable because of the additional usage of title 
words, title word stems (truncated in the beginning and 
at the end of the word) and key word stems thus allow. 
ing convenient string search using the most important 
semantic units without controlled vocabulary, e.g. the 
stem THERAP allows a retrieval concerning all thera. 
peutic terms as radiotherapY,hormone therapy, immuno. 
therapy, therapeutic complications (except surgery), . . .  
(5 , 6 , 7). 

New ideas in the latest articles are not always reo 
trievable by using only new combinations of concepts 
already known. Especially in cancer chemotherapy there 
are always new chemical substances which do not have 
even the word stem in common with known concepts. 
In order to retrieve these articles the new names have to 
be used, but they occur only in free text because they 
are so new that no indexing rule and no thesaurus has 
incorporated them yet. There will always b e  new names 
as long as we have active research. Certainly the vocabu. 
lary does not converge to a limit (8). The older the 
scientific topic the more interesting is a search for a �u�­
vey or collection of most relevant articles for a specifIC 
aspect of that topic: Such a search can best be done 
using the vocabulary of a thesaurus! . . 

Economic considerations make it obvious that It IS 
hardly possible to integrate all new concepts of the 
stored articles immediately into the thesaurus. However, 
the searcher should have all new concepts available de. 
rived from free text in assorted lists. As soon as the 
terms have been used for searches they will be more im· 
portant for the thesaurus and should be incorporated in 
it. 

�it� 
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zuordenbar � /nt rage� ------
5 t r i v i a le 
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Bezei chnungen 

Fig. 6: Sample evaluation of 1 00 title words out of 2800 newest title words: qualitative classification. 
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Fig. 7: Average distribution of search vocabulary per 10 requests (based upon 666 search requests). 

Retrieval with controlled vocabulary only has dis­
advantages, as does free text search only: they have 
relatively low recall. Searches with controlled vocabulary 
do not always have the Wghest precision especially for 
topical subjects. 

5. Indexing consistency tests 

The question "How good is indexing in practice" reo 
quires an evaluation of indexing consistency studies. The 

Haufigke; t s v e r t e i l ung der Indexi ng-Konsistenz 

i n  CANCERNET an hand von 683 doppe L t  gei ndexten 

Arbeiten 

t. der Ubere i n s t i mmung AnzahL der Arbeiten 

o - 10 24 

1 1  - 20 97 

21 - 30 1 5 3  

31 - 40 140 

41 - 50 127 

51 - 60 58 

61 - 70 34 

71 - 80 26 

81 - 90 1 4  

9 1  -100 10 

Table 2: Frequency distribution of indexing consistency 
tests in CANCERNET based upon 683 twice 
indexed articles 

tests already known were performed with small samples 
only so the results were of little statistical Significance 
(9). They also differed quite considerably. Thus Hooper 
(10) found indexing consistencies of 1 0%-80%, Jacoby 
(1 1) reports an indexing consistency of 10% in chemical 
patents, Slamecka and Jacoby (12) 35%-45%, Jacoby 
and Slamecka (13) 16% for experienced and 12% for 
inexperienced indexers without indexing guide-lines. 
According to the quality of indexing guide-lines, classi­
fications, and thesauri, a better indexing consistency was 
found. There are no plans for an evaluation of these 
studies nor for a further development of the consistency 
measures used (14). 

However, an evaluation with more indexed articles 
involved will be presented using the so-called TANIMO­
T02 measure which was used in most of the literature. 
According to this measure, an indexing consistency of 

38% within confident limits from 35%-40% on average 
was fonnd in CANCERNET (table 2). TWs result is 
rather precise because it is based on 683 articles wWch 
happened to be double indexed and were found during 
the process of a system's refinement (and thus at ran· 
dom). The above percentage is a minimum value be­
cause 32 articles wWch were 100% identical were ex­
cluded from the evaluation since double input was 
assumed in these cases. So even the 38% may increase. 

6.  Some cOlnments on indexing consistency tests 

On presenting these values the question arises whether 
indexing at all is worth the effort. The following exam­
ple (Fig. 8) of two descriptor chains with an indexing 

MAUS DAlU C. MAMMA (T, EXP.), T, CHLJIISCH (fNDUZlf:RTJ 

CHE.\10THEItAPIE EXP., CYCLOrHOSPHA�UD 

II. MAUS HALD C. MAMM,\ (T. EXt'.), f..AR7JNOGf,NESE CIIEMfSCII EXP" OESTIWGENI'. 

CllEMOTIiERAPIE EXP .• CYCLOPIiOSPHAMID, 

AnKIA�IYClN. )U,flIOTREXAT. 1'ItE[)NISON 

Fig. 8: Comparison of two indexed descriptor chains 
with 40% consistency according to TANIMOTO 
measure 

consistency of 40% illustrates the manner in wWch the 
numerical value has to be judged. The above value 
neither says anything about the similiarity of the ex­
changed descriptors nor about the probability of their 
usage in retrieval. If one would define indexing con­
sistency from the searcher's viewpoint instead of the 
indexer's viewpoint one would attain far better results. 

The measure a��' which is also common in literature, 

would yield for the above example an indexing consist­
ency of 57%. 

The only consequence of these studies is to keep the 
overall number of descriptors as low as possible in order 
to avoid errors by interchanging similiar descriptors. 
Gilchrist (15) recommends only 500 descriptors for an 
information system of medium size and is thus witWn 
the range of classification experts. Indeed one should 
remember that when using only 500 classification con­
cepts corresponding to the descriptors, indexers will 
achieve higher consistency, assuming an exact definition 
of the classification areas. Condensing of facts in descrip­
tors or classification makes sense, as long as one adds 
some free key words and some free text to the descrip-

2 The TANIMOTO measure is: -
b

e 
with a == number of de� 

a+ -c 
scriptors assigned by first indexer;- b == number of descrip� 
tors assigned by second indexer;- c == number of descriptors 
assigned by both. 
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tors assigned by experts. The combined method enables 
a retrieval with higher recall than each of the exclusive 
approaches: using free text only, one cannot always be 
sure of high precision, and using thesaurus descriptors 
only one runs the risk of having a non-topical thesaurus. 

Missing content analysis not only yields high connect 
times during searches but also a true lack of recall in re­
trieval; 

missing free text is not only inaccurate but also a 
basic defect in retrieval of newly implemented ideas. 

The three extreme approaches "title only", "free text 
only" and "thesaurus only" find an ideal synthesis 
which enables document acquisition to be as precise and 
still as condensed as possible: a content analysis of docu­
ments by controlled and non-controlled vocabulary, 
allows indexing with a few simple rules. 

Thus one may find an economic compromise between 
the alternatives "high effort in input, low effort in 
search" and "low effort in input and high effort in 
search" with "medium effort in input and search", 

Despite the above observations concerning the com­
mon vocabulary of indexers and searchers other recall 
lowering factors in information systems should not be 
disregarded: the scope of an information system and 
poorly selected journal lists. 

These factors often decrease recall times more than 
the existence or non-existence of the thesaurus. Thus the 
cancer literature information systems, CANCERLIT and 
CANCERNET have quite different journal lists, CAN­
CERLIT stores more articles from US journals and is 
more specialized in cancer chemotherapy and chemical 
carcinogenesis, whilst CANCERNET stores more articles 
from European journals and covers a broader cancer 
spectrum, including radiology , virology, and surgery 
with respect to experimental and clinical cancer re­
search. So ist was no surprise that 30 typical search re­
quests processed in CANCERLIT and CANCERNET had 

an overlap of 5 %  on the average. It was remarkable that 
1 1  of the requests had no overlap at all. Expressed in 
positive terms, this means the two information systems 
are complementary to each other. 

It was interesting to compare the frequencies of the 
search results (Fig. 9), which show that in frequency 
class "1 5-30 citations" CANCERNET (9 searches) was 
better than CANCERLIT (5 searches) - probably the 
advantage of the controlled vocabulary - but CANCER­
LIT is ahead in frequency class "7-14" with 1 1  as op­
posed to 3 in CANCERNET - probably the advantage 
of the greater amount of free text (abstracts). The sec­
ond maximum in "3---6" may be caused by the success­
ful free text searches in titles. A Wilcoxon sign test veri­
fies for the above 30 searches that the two information 
systems are complementary. Of couse, the distributions 
should be investigated in further tests. 

Thus the alternative "free text or controlled vocabu­
lary" is no longer an alternative: There should always be 
both free text and controlled vocabulary in an ideal 
combination. 
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Fig. 9: Comparison of the frequency distributions of found citations based upon 30 typical search requests in 
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