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Abstract--A method for assessing scientific performance is proposed and illustrated. 
Advantages over existing methods are: (1) increased objectivity; (2) increased emphasis 
on what was rather than who contributed; and (3) increased accuracy in theme 
identification. The procedure is based on relationships displayed numerically in the 
published documents. These relationships are extracted and organized as a graphic 
display representing the conceptual structure for a subject. Individuals or groups 
contributing to the knowledge of the discipline can be identified. The extent of their 
contributions also can be documented. 

The method is illustrated using published documents in Pediatric Oncology for the 
period 1979-1982. The contributions of a major clinical investigations group, the 
Childrens Cancer Study Group, are analyzed. The results show increasing contributions 
by the Group as the conceptual structure changes from the simplest measure of survival 
to ones requiring sophisticated follow-up and clinical evaluation procedures. 

INTRODUCTION 

Traditionally, innovations in scientific knowledge have been linked to significant con- 
tributions by individuals [ 11. The accounts of their scientific creativity have been dramatized 
and fictionalized to imply a cadre of superior beings possessing unique qualities necessary 
for innovation and creation[2, 31. The implication from such stories is the existence of a 
priori special qualities possessed by the individual which, when applied to a scientific subject, 
will yield a revolutionary reorganization of the concept structure for that subject[4, 51. 

This emphasis on the individual could exist unchallenged except for a recent process of 
scientific investigation involving groups of individuals and different disciplines. The multi- 
disciplinary research group evolved in response to the need to solve problems requiring 
diverse sets of knowledge and expertise. The explorations in space and the therapeutic trials 
in chronic diseases are examples of this new group approach to scientific inquiry[69]. 

The search for individual contributors requires a network of informants. Members of the 
network have the responsibility for finding candidates, and such candidates must pass the 
screen of consensus opinion. Clearly, the winner must have reported important new work, 
but the time at which this work is recognized as new and important does not have to be 
current. That is, the recognition process uses hindsight, often of many years duration, in 
order to classify the work. This lag allowed the development of consensus and agreement 
regarding the contribution and its influence on subsequent scientific progress[lO]. 

The need for a more objective and timely method for selecting significant contributors 
in science was met by an approach which focuses on citing behavior among the scientists[l 11. 
The assumption employed is that workers in a field recognize and acknowledge primary 
contributors by citing their works. The citational analysis methods identify those con- 
tributors by developing a number of graphic displays. A simplified example from 
GARFIELD[~~] is shown in Fig. 1. Authors are identified by Arabic numerals. The theme 
described in the article is identified by a key descriptive word. The authors are grouped into 
clusters dealing with techniques used and/or themes studied. Distance between authors 
reflects the degree to which the involved authors were cited together. Nodes or primary 
locations on the map are formed when a number of authors, independently and separately, 
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Fig. 1. Example of analytic display using citational methods for extracting and analyzing scientific 
contributors. 

cite other authors. By adding the time factor, namely, the earliest reference to the theme by 
frequently cited authors, the source of the idea can be identified. A map of such source ideas 
can be used to identify the scientists providing significant change to existing conceptual 
structures [ 131. 

The most frequently cited author was excluded from the graph in Fig. 1, because the 
distance between points shrinks to zero with the inclusion of that author. This exclusion 
points up a cogent problem with the method. That is, the most frequently cited author 
provided a method rather than a significant reorganization of existing knowledge. With that 
method available, investigators could pursue their own analytic interests. The method 
offered no conceptual improvement, but did offer a useful technique. As such, the citing 
behavior analysis failed to differentiate between contribution to conceptual structure and 
investigator recognition of technique. 

There is another model of cognitive behavior which could be used to decide 
contributors to science. That model involves the identification and organization of 
informational elements leading to the presentation of informational displays[ 14, 151. 
Studies using the model have included data obtained by analysis of the text, of the numeric 
displays within the documents, or some combination of text and displays. The simplest 
form, in the sense of ease in training technicians, is the numeric display analysis. This form 
establishes the existence of studied relationships. These relationships form the essential 
input to the analysis and give a physical representation of the concept structure. 
Relationships are author described associations between two or more characteristics. 
Examples of the bivariate linkage or relationship would be survival and therapeutic 
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regimen or age and sex, In each situation, the author links the two terms and describes 
the conditions under which the relationship was observed. 

The relationships expressed in numeric displays have an important subjective element. 
In order to present a a numeric relationship display, the author, editor, and reviewers must 
agree regarding the importance of the display[l6]. Only those displays considered to be 
relevant to the subject are included in the published document. By selecting a numeric 
relationship for display, the experts reviewing the document also must agree that the 
associated concepts are important. This transformation process between the physical 
elements depicted by the numeric relationship and the cognitive elements considered in the 
concepts is dynamic. 

The relationships method has been applied to a number of information processing and 
utilization situations. Its role in summarizing and critiquing scientific progress was studied 
in late effects of anti-cancer treatment[l4], in design of non-Hodgkin’s lymphoma 
protocols[l7], and in decision making situations[l8]. The method has been studied in 
techniques designed to rapidly learn a new body of knowledge[l9] and in analysis of 
complex text[20]. The relationships method also has been studied as an alternative to 
current indexing methods and was shown to be superior[21], Each of these studies showed 
the increased objectivity and replicability of extracted data available from the method. In 
comparison with expert generated subject reviews, the relationships method yielded a more 
complete description of the appropriate concept structure[l4, 181. Given its applicability 
in evaluating specific subjects, it is of interest to determine the method’s role in evaluating 
issues related tangentially to the subject matter structure. One such issue is the 
identification of scientific contributors. To explore this, the contributions of the Childrens 
Cancer Study Group (CCSG) to the discipline of pediatric oncology were studied. 

METHODS 

Documents published in peer reviewed journals, scientific organization proceedings, and 
scientific books dealing with pediatric oncology were selected for the period 1979-1982. 
Those documents were separated into those with and those without numeric relationship 
displays. Those articles with numeric relationships shown in graphic or tabular form were 
retained and analyzed. The variates making up each relationship and the statistical test 
result (significant, non-significant, or not tested) were computerized. These data were 
analyzed and organized into concept structures 1221. 

The structures considered in this analysis deal with survival. Authors studied survival 
using four variates: (1) Survival (i.e. living vs dead); (2) Time Survival (i.e. length of time 
patient survived); (3) Survival Relapse Free (i.e. living free of disease vs dead); (4) Time 
Survival Relapse Free (i.e. length of time patient survived disease free). 

RESULTS 

The Childrens Cancer Study Group contributed an increasing proportion of articles with 
numeric relationships to the total 551 published from 1979 through 1982. As shown in Fig. 
2, the total number of articles reached a peak of 188 in 1980. The 1982 total declined to 77, 
a decrease to 41% of the peak volume. The CCSG reported about 15% of the total articles 
in 1979 and 1980. This level increased to over 30% for 198 1 and 1982. 

There were 59 numeric relationships with measures of survival reported in the 551 
articles studied. The variates involved were classified in terms of reporting source (i.e. CCSG 
or other) and structural category in medicine. The structural categories are: personal, 
disease, treatment, outcome, and study condition factors. The distributions shown in Table 
1 are similar, suggesting that CCSG approached survival studies in a comparable fashion 
to other groups and institutions. This is impo~ant, in that the CCSG tends to be described 
as being primarily concerned with therapies. While this description is generally accurate, 
modern therapeutic investigations include characteristics defining personal, disease, and 
outcome factors. As seen in Table 1, there were four variates used from the personal factors 
set. Two of those were studied by CCSG and two were not. Similarly, 18 of the 40 variates 
representing the category of “disease factors” were reported by the CCSG. Overall, the 
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Fig. 2. Total number of articles in pediatric oncology data base and the CCSG contribution. 

Table 1. Reported relationships involving measures of 
survival 

Factor 
Contributor 

CCSG Others Total 

Personal 2 2 4 
Disease I8 22 40 
Treatment 4 5 9 
Outcome 2 2 4 
Study 0 2 2 

Total 26 33 59 

CCSG reported data for 26 of the 59 relationships displayed numerically in one or more 
articles. 

Another analytic view is summarized in Fig. 3. The concept structure dealing with 
Survival involved four measures of survival. These are shown on the horizontal axis of the 
figure. There were 34 relationships represented by numeric displays in the total document 
set involving survival measured as living vs dead. Ten of the 34 were reported in CCSG 
documents. There were 18 CCSG relationships in the 51 dealing with Time Survival. When 
survival was measured taking disease control into account, CCSG contributions to the 
concept structures increased to 89% and 93% respectively. 

The concept structure for Time Relapse Free Survival is shown in Fig. 4 in order to 
illustrate the CCSG contributions. There were two personal factors and nine disease 
factors. All were reported by CCSG in relationship to the survival parameter. Of the four 
treatment factors, three were reported by CCSG. Thus, of the 15 relationships shown, 
CCSG reported on 14 of them. 

DISCUSSION 

This study describes a text analysis model in identifying scientific performance as 
determined by contribution to the discipline’s conceptual structure. The structure is deter- 
mined from an analysis of relationships expressed numerically in scientific articles. The 
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hypothesis considered is that investigators study relationships which make up the concept 
structure assumed to be meaningful in their field. 

This analytic method differs in concept and application from the co-citational ap- 
proaches described by GARFIELD [ 121, SMALL [ 1 l] and others [23-261. The methods employed 
in preparing co-citational maps still require subjective referral patterns. The difference in 
co-citational methods is in the more impersonal approach in identifying potential con- 
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tributors. The identification is made by the citing behavior of the authors of scientific 
documents. Because contributors are nominated within the context of a scientific article, the 
identification process is considered to be more objective. 

A citation does not mean acknowledgment of contribution. Instead, the citation might 
be used to identify the individual committing an error of judgment or process. The methods 
of analysis of citing behavior employed do not differentiate between citations for or against 
the cited author. As such, the map of primary contributors does not depict accurately those 
who did contribute vs those who did not. A more important, albeit rarer, error would be the 
identification of a contributor who in actuality was repeating statements from a true but 
unidentified contributor. The citation process allows for all of these possibilities. 

Another failing in the citing behavior analyses is the theme labeling. If key words are 
extracted from a document, these words may represent new labels for existing procedures 
rather than new labels for new procedures. The contributor who introduces new concepts 
may not introduce new labels. Another individual may pick up the new concepts and change 
the labels in order to better understand the innovation. This second scientist could easily 
become the primary contributor, since the key words originated with him. As such, the 
method could identify the advertising specialist and leave the inventor in obscurity. 

The ultimate failure in the citing behavior analyses stems from the difficulties faced by 
an expert in keeping up with the literature in his field. The increase in numbers of new 
journal titles, of new proceedings, and of new book titles all translate to reading more in 
order to keep up. In one survey, we found 4500 titles dealing with a pertinent theme in 
pediatric oncology. These titles were published during a four year period. The expert would 
be required to inspect approximately 100 documents per month on this one aspect of the 
total specialty. Similar large numbers can be found for over half of the topics making up 
pediatric oncology. Another feature of the problem is that the necessary articles may not be 
published in accessible journals. Further, the individuals performing the studies may not be 
members of related disciplines[27-291. Of necessity, the list of authors cited in a scientific 
article will tend to be limited. 

The analysis of relationships method differs in important ways from the citing behavior 
methods. The most cogent of these is the way in which the subject matter contribution 
is found. The citing methods find the theme by first finding the individual. The relationship 
methods find the theme by identifying the pattern of variates used in describing it. The 
contributing individuals can be identified in a straightforward fashion after the pattern of 
variates is established. A second important difference is in the manner of identifying the 
theme. The relationship methods extract linked variates as presented by the author. These 
linkages are organized in order to display the pattern of studied relationships. This pattern 
represents the subject matter as perceived by those studying it. The citing methods require 
the assignment of a single word or phrase to the article’s content. This summarization 
process is difficult and the results of such could be variable in spite of training and 
expertise. The third important difference is focus. The citing methods focus on who (i.e. 
the authors cited), while the relationships methods hone in on what (i.e. the relationships 
studied). A “who” emphasis implies an indirect approach to identifying significant 
contributions, since the contributions must first be determined and evaluated. While 
experts in a field undoubtedly identify both theme and contributor simultaneously, a 
formal translation of that process requires separation of the two. 

Using the method of numeric relationships in analyzing the contribution of CCSG 
provided some interesting findings. As was seen in Fig. 2, the CCSG’s contribution to the 
total number of articles reporting relationships in numeric form doubled through the time 
period studied. Over 30% of the scientific data (i.e. numeric relationships) documents were 
prepared by the CCSG. 

Most impressive findings were the large proportions (89% and 9370 of relationships 
studied by the CCSG when the measures-Relapse Free Survival and Time Relapse Free 
Survival-were considered. The measure-Time Survival-also showed the philosophy of 
CCSG studies. Fifty-one percent of the relationships reported numerically had been 
studied by the CCSG. The number of relationships studied by CCSG was smaller (29%) 
when the simplest of the survival measures was used. The increasing number of 
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relationships with parameters requiring more skill and effort in their study is indicative of 
the quality of the contribution to the conceptual structure. 

Reviewing the variates studied by CCSG also shows the depth and quality of supplied 
information. For the most part, the disease factor variates were ones which can be 
measured in any modern medical facility. As such, the survival findings are relevant to the 
population in any geographical setting. This form of technology transfer is one of the key 
issues in the National Cancer Institute’s program for control of cancer. The data suggest 
that the scientific reports not only contributed to the understanding of cancer but did so 
in a practical, applicable way. 

SUMMARY 

Information processing techniques are being used to determine scientific contribution 
as well as other important issues. The co-citational methods currently are favored in spite 
of significant limitations. Two are: subjectivity in the citing practices of the authors and 
inaccuracy in theme identification. The latter problem is seen with methods designed to 
extract the “meaning” of the document in terms of a single word or phrase. 

An alternative analytic approach has been reported. This method considers the numeric 
relationship in terms of the variates contributing to it. The method can be performed by 
trained technicians. Replicability of extracted relationships is enhanced by the restrictions 
provided by the author in developing the numeric displays. That is, the author eliminates 
the “guess work” dealing with the variates linked to form the relationships and provides 
the technician with the elements needed for extraction. 

When this method was used in assessing the performance of the CCSG, the relationship 
approach showed that the more cogent parameters describing survival were studied by the 
CCSG. The contribution to pediatric oncology was important scientifically and practically. 
The CCSG has provided data and concepts for the scientists. It also has provided 
diagnostic and therapeutic techniques for the practitioners. 
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