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The Group Structures of Tvo Scientific Specialties:

A Comparative Study

Abstract

Using block modelings of data from a sociometric questionnaire, we analyze
the patterns of social structure shown by authors of two highly cocited
clusters of bilological-science pavers. Analysis of anecdotal éata, back-
ground information, and data on citations support the findings from the
block models, The denslty of contacts and the patterns of sociometric
and citation data show that the authors of papers in the two cocitation
clusters form distinct social groups. Each group has a center-perphery
pattern with some differences that appear to reflect differences in

the timing and spread of intellectual development within the groups.



The Group Structures of Two Scientific Smecialties:

A Conparative ftudy

Scientific specialties are strategic research sites for studying
the socia) and intellectual features of scientific chanze. T'esearcih on
these changes was originally stimulated by the influential vork of
Fuhn (1962) and Price (1963), 2nd many case studies have been nublished
(Griffith and 'fullins, 1972, summarize much of rhis research). Systematic
comparative analyses are few, however (exceptions are Crane; 1972, and
lullins, 1¢73), largely because researchers have had no vay to identify
currently active specialty prutys. 3Secause they usually have high
rates of in and out migration, include many individuals vho consider
their primarvy research interests to be outside the riven specialty's
research interests, and may discolve while still ~uite younn (tullins,
1973), identifying specialties and discerning their boundagies and inter-
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relations has been extremely difficult (Chubin, 1973, discusses various

approaches to the tasl).

Small and Griffith (1274) have proposed that cocitation analysis
is one possible vay to identify specialties and discern their boundaries,
Defining the strength of cocitation as the number of tires two docu-
ments (either articles or books) are cited topether in other documents,
they argue that during a piven tire period, groups of documents with
strong cocitation ties: (1) raflect the interests of publishing /
authors and (2) are probably critically important to work in existing &
specialties. By determining clusters of strongly cocited documents

reported in the Science Citation Index (S€T1Y, Small and fAriffith attempted




to outline the structure of specialties in contemporary science,

0f cource, formal emuivalence betueen clusters of documents and
active specialties does not necassarily exist. PRy examining patterns of
word use in the titles of citingz documents, Small and Griffith have
shown only that the clusters are not merely random collections of
disparate docunents. The authors of the decurents in the clusters have
not necessarily heen members of groups that show the social morphology
of scientific specialties.

Sociologists cf science have been skoptical of Small end Griffith's
arpument because no one has vorified the rslation betuveen specialty-group
membership and individual scientists’ citation of documents (‘lullay, 1274).

Indeed, Chubin (1975) suggests that cocitation analysis prgﬁqges a

scientific "specialty' that is only "the most visible slice of the
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literature~-nothing more, nothing less.” These objections, like Small

and Griffith’s argument, are a priori; they have not been evaluated
enpirically. In this paner we present sociometric data for two bio-
medical cocitation clusters and use block modeling (Vhite et al., 1976)

to assess the two positions.

CATA AU UETHODS
Tle beran our investigation with lists (provided by Swmall and
Criffich) of hichly cocited documents on two research topics: reverse
transcriptase and Australia antipen. The documents on reverse transcrip-
tase are associated with the discovery of an enzyme that can reverse
the normal processes of information flow in cells. In 1970 two articles

venorted this discovery and a third replicated the findiugs. Additional



documents, with strong cocitation ties to these articles, formed a cluster
that grew until 1273. In that year it merged with other clusters into a
huge cluster of 329 documents associated with the general area of viral
genetics, We chose for analysis 137 articles: the documents from 6

small ciusters in 1971 that merged to form the 1972 cluster, and docu~
ments in the 1973 cluster that had been written by the authors of
documents in the 1572 cluster.

The second cluster of papers shows strong cocitation ties with
papers reporting the discovery of an antigen associlated with type B viral
hepatitis., Although these papers first appearad in 1966, ‘ntensive
rescarch exploiting the implications of the discovery was not wenorted
until after 1969. Unlike the reverse transcriptase cluster, the
Australia antipen cluster remained an independent cluster throughout
1970-1773, Therefore, we chose for analysis all documents included in
the cluster in any of the four years--a total of B2,

For each cluster our next step was to list all first authors of
documents, and any subsequent authors who appeared on more than one paper,
Using this specification we obtained the names of 105 scientists for the
reverse transcriptase cluster, and G5 scientists for the Australia anti-
gen cluster.

For each scilentist, we obtalned sociometric data from two sources,
The first was a questionnaire mailed to the individuals in each group
agking them to report on nine types of sociometric ties with each of the
other scientists on their list. The nine sociometric ties included

three measures of avareness ("Have you ever heard of X7%, '"Do you follow

the work of X?", "Do you know ¥ well?"), two indicators of teacher-student



relations ("Are you a teacher of X?", “Are you a student of X?') and
four measures of ceclleagueship (“irze you a colleague at the same insti-
tution with X?", "Have you ever been a co~worker with X?", "Are you
presently a co-worker with X?". "Have you ever been a coauthor with X?").
Ve obtained completed questiionnaires fromof the authors in the
Australia antigen cluster, and of the authors in the reverse
transcriptase cluster. The questionnaires wvere malled and collected
during May-July 1375, The second source of sociometric data was the
SCI. From it we obtained, for each yesr between 1967 and 1973, each
author's citations of any document bv all other authors in a given list.
Since we wanted to determine the extent to which social patterns
among scientists reflect features of their intellectual products (see
Criifith and HMullins, 1972), we searched for published reviews of the
research reported in the papers and interviewved selected authors from
each list of documents. This information was gathered between May 1975

and December 1675.

RESULTS

The Cognitive Developments

Both the published reviews and the interviews revealed that the
documents in both clusters did, in fact, reflect important intellectual
developments, and were not nmerely highly visible “slices" of scientific
literature. The reviews and the interviews also showed important
differences between the two areas. As we noted above, the original
discovery of Australia antigen was reported In 1966. Immediately after-
ward, ambiguities about the source and nature of the antigen attracted

the discoverers® attention. Indeed, for some time researchers believed



that a new mechanism of disease causation might be involved (Maugh, 1975,
discusses developments in this research through 1975). Because of these
difficulties, the development of a vaccine for hepatitus B occurred only
recently (1975). Nevergpeless_ from 1366 on research was continuous
(becomigg more intense from 1969 on), and the criginal discoverets
continued to do research on the topic.

Reverse transcriptase research has followed a different pattern
(Culliton, 1971, reviews research up to 1971). In the middle 1960s,
investigators had suggested the possibility that genetic information
could be transferred from RYA to DHA, but convincing evidence of the
transfer was not presented until 1970, This evidence was presented
gimultaneously by two groups working independently on somewhat different
materials, and the investigators involved subsequently received lobel
Prizes for the research. After a flurry of activity devotéd to specifying
more precisely the exact mechanisms that transferred information from
RMA to DNA, researchers have moved on to study related but somewhat
different topics in oncology and viral genetics. Thus, unlike the
research on Australia antigen, which has been fairly continuous since
the middle 1960s, work on reverse transcriptase has declined since the
early 1970s.

!

Clearly, then, the timing and structure of cocitations reflect {

actual differences in the cognitive development of the two research
areas. WYe now consider whether the sociometric data indicate that the
authors in each group have relationships that would be expected of either
currently or recently existing scientific speclalties. We focus on

three separate but interrelated questions: To what extent do the



authors in cach group show high levels of mutual aswareness and relatively
dense social contacts?: To what extent do the twoe groups of scientists
exhibit social structures consisient with previous descriptions of

social structure in scientific specialties?; And, to what exteant do the
two groups shou patterns of growth and change consistent with our

knowledge asbout their patterne of cognitive development?

Awareness and Social Contact

Since there are no nreviously established levels of awareness,
teacher-student ties, and colleagial ties that we can use as standards
for deciding whether a given group of scientists is a scientific
specialty, we compare ovr findings with those from previously published

case studies. Table 1 shows the results for the three measures of

Table 1 about nere

awareness. The figures are the proportions of the total possible

links (H2 - M that respondents reported for each of the three measures.
Thus the .745 for "ever heard of" among reverse transcriptase researchers
shows that they forned nearly three-fourths of the 10,920 liuks possible
among *the 105 resnondents from thisg group.l Brieger‘s (1976) results,
from reanalysis of data on another biomedical specialty, are not
strictly comparable to cursz since, as indicated in the footnote to

Table 1, he reported responses to 2 question about "unawareness" rather
than "ever heard of"; also, he gave the proportion of "mutual contacts"
rather than the proportion who knev each other well. Since "know well"
very likely captures a higher level of awareness than is indexed by

“mutual contact," the results show that levels of awareness in our two

groups in our study are higher than the levels researchers studying



the neursl control of food and vater intake.

Crane {1972) descrihed ztudent-teacher and colleagueship ties in
tuo specialties: One, in nathematies, cencentrated cm the theory of
finite groups: the other, in rural sociclopgy, concentrated on the
diffusio& of agricultural immovations. She computed ''group connectivity
scores" that took into account hoth direct ties between specialty members
(e.g., the kind of ties reported in Table 1), and indirect ties for all
numbers of steps (Crane, 1972:41-4 describes this technique). To obtain
comparable figures for our two groups of scientists, we comruted

connectivity scores for four ties that are similar to hers. Table 2

shows three kinds of information for each tie: demsity of direct

Table 2 about hare

contacts (as in Table 1) for our two groups, connectivity scores for our
two groups, and connectivity scores reported by Crane for her two groups.
The first two ties, current collaboration and published collaboration,
are measured in cowparable fashions in our study and Crane’s. In both
cases the connectivity scores for our two groups of authors are
substantially higher than those for Crane's two specialties. Indeed,
in our two groups direct ties for these twe relationships are as dense
as all ties, both direct and indirect, in Crane's two specialtics.
In contrast, in our two groups the comnectivity scores for "teacher of"
are of sizes comparable to those shown for Crane’s specialties. Thus,
except for the mentorshi: relationship, the authors of our two clusters
of papers exhibit denser patterns of contact than do the members of

other scientific specilalties that have been studied.
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Soclal Structure

High levels of awareness, mentorship, and colleagueship are evidence
that our tuo grouns of authors are members of scientific specialties.
Further evidence is provided by the patterns oi sociometric relations
among these authors. Scientific speclalties typically display a social
structure that, for many social relaticnehips, can be described as a
"center-periphery"” nattern (Trieger, 1776:125-129)., The "center" is a
subset of members who are recognized by others as being central to the
specialty. These scientists are more productive than their peers, and
among then are those who mude the original liscoveries which are the
intellectuval basis of research in the specialty. The central scientists
usually have central locatlons in the specialty’s pattern of information
flow, and are important figures in its organizational asg wgll as its
intellectual development ((fullins, 1972, 1975: Crane, 1972:49-56). 1In
contrast, peripheral members are less visible both to thae eore and to
each other. They are usually linked to only ome or a few meshers of
the central group. In addition to central and peripheral pembers, some
speclalties include a group of “outsiders™ who, although they have
published research on the specialty's tonic, show little avareness of
core and peripheral members to whom, in turn, the outsiders are largely

invisible. These scientists may show high levels of productivity and
e — e e = "H-._'__.ﬂ“‘_‘m“

eminence in the larger discipline, but their primary research orienta-
e :

—— = - ——— i —— o . . .
ra— -~ Tt i T e

tions are apparently outside tle specialties studied (Brieger, 1975:121-2).
_-_____-_'_-'—_”""—"“"—-—-—_..—~' - e
To determine whether these general structural features were present among
our groups of authors, we did a block model analycis of each group

using the nine sociometric ties reported in the questionnaires. Block



model analysis ((hite et al., 197&) partitions the members of a popu-
lation into mutually exclusive and exheustive subsets {blocks). TFor
each sociometric tie in the analysis. the membeve of each biock have
the same-tjes'to merbers of other bloc’.r.s.2 Thus, for the tizs in a
given study, the members of 3 blocl: are structurally equivalent (‘fhite
et al., 1976:737-40).
We nartitioued the two groups ol authors by using a variation of
the CONCOR hierarchical clustering algorithm (Brieger et al., 1975).
In both instances a four-block partition provided a detailed picture
of structure without excessive Zoss of statisrical relicbilinty from (1

inadequate numbers of cases in the blocks. Tipure 1 she's the successive Jﬁ
W

-

R
Firue 1 avoat hers g
N
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partitions of the two groups. The roman numerals are %Egglﬁ,for the\

blocks.

Table 3 shows the natterns for three levels of avareness, presented

Table 2 ahout here

as &4 x 4 matrices in which each matrix e a reduced form of the original,
individual~level sociometric matrix. For example, for the Australia

antigen (AA) authors we began with a 85 x $5 matrix showing ties for

D

"over heard of." We permuted the matrix to sort the authors into the
four AA blocks shown in TFigure 1. Thus, the & x 4 AA matrix for "ever
heard of" (shown in Table 3) rcpresents the structure of this type of
awareness for the four blocks of structurally equivalent authors. The
entries in the matrix are the demsities of contact within and between
the blocks. Specifically, the entry inm cell i, § of this matrix is the

number of times members of block i report that they have ever heard of



an Puthor in block j, divided by the numbar of possible times such

auareness conld hove been renorted {0y ry when i=j,. niz - ny vhen i=j).
if a center-periphery structure exists cmoze tne blocks 1t will
appear as strong tizg within one or wore corec hlocks, strone ties between
a center block and its "follower"” bBlocks (but not Letween these follower
blocks themselves) and, perhaps, weai: or nonexistant ties between some
blocks and both center and follower blocks (outsider blocks). With
proper arrangement of the hlocks, this kiné of gtructure would be
reflected in high densitics amons the blocks at one of tha fwo main-
diagonal cormers, with iucieosinglv iou denslties becoming prominent
as one moves toward the onposite, mali-dizgonal (arner.

The results in Tetle 2 penerallv conflrm the hypothesis that the
two groups of authors conform to ithe center-periphery structure, The
types of awaremess shown i Table 3 range from the weal "ever heaird of"
to the strong “know well" and, as exp.cted, the overall network densities
fall off as one moves {rom *he strons fo the weal relatifonship. Within
a given type of awareness. the densities decline fairly uniformly from
the upper-left to the lower-right corner of the matrix, In 211 bue
three cases,3 the exceptions to the ge: eral rattern are sma2ll enough
to be easilr atctributed to sampling variation and meysurement
unreliability. Tor each group block T is beth most visible te the other
blocks and more aware of the other blocks than ther are of themselves.
This pattern is repected if we successively remove blocks I and IT from
consideration. Thus, t'e results shov: that in each specialty, the
members of block I constitnte the center of the group, and the members

of tlocks II through IV are locreasingly peripheral. Unlike Brieger's
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hunger and thirst specialty, however, there appears to be no outsider
block in either of the two groups.

Table 4 shows the densities for five types of social contact., In

. Tahle 4 apout hore

general, the results are conslstent with those in Table 3. For example,
in both RT and AA the members of block T are more likely to have taught
members of other LIocke than are members of any other block. The other
four typcs of contact repeat the center-periphery pattern. Overall,
these results are concistent with previous theories of mentorship and
information~flow patterns in sclentific specialtics (iullims, 1975).
The major exceptions te the centrr-periphery pattern ia Table 4 appear
to explain some of the deviaticas from this pattern in Table 3 (see
note 3). 1In particular, members of 2A block III show a high degree
of contact writh each other, a findins that is consistent with rhe A4
block IIT's high density of "know well' ties (Table 3). In contrast,
AA block 1I shows surprisingly lov densities of contact with block IIX
and IV, and this finding may account for thz fairly low densities of
ties for "ever heard of" and "know vell" betwcen AA block II and AA
blocks TIT and IV (Tzhle 3).

Thus far our inferances about center and peripneral grouus have
been based sclely on the sociometric patternz of awareness and contact.
By themselves, the gociometric results do not necessarily prove that ( J//
these two froups of authors exhilbit the social structure of a scienti-
fic specialty. Therefore, we will now show that the blocks identified
above as central blocks (I in AA ard RT) do indeed counsist of the

highly productive and eminent scientists specified in our earlier
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discussion of a scientific specialty’s typical social structure.
Preliminary evidence is the fact that in each group, block I
scientists wrote the original discovery papers. More complete evidence

is presented in Table 5, which shows the block-specific means for six

Tahle 5 about here

variables that reflect status differentials among the blocks in each
group. The results are consistent with the patterns of awareness and
contact shown above. TFor example, RT's block I authors have had the
most professional experience and exceed the members of the other blocks
on all of the other performance measures. RT's blocks II through IV
show no consistent ordering on profecsional experience but do show a
consistent hierarchical ordering on the five performance measures. The
AA authors show no clear pattern for professional experience’ and papers
published, but they do show the exrected hierarchy for the more recent
pe-fomance measures (funding received, and 1970 and 1973 citations).
Thus, for both groups data on status nezsures generally confirm the

inferennes drawn from the block-model analysis.

Patterns of Change

Thus far our analysis has been bhased on cross-sectional sncio-

| metric data., The data are fully consistent with the hypothesis that the
two groups of authors of highly cocited documents constitute scientifie

specialties. Now we analyze longitudinal data on patterns of citations

to all documents, including the highly cocited papers, among the authors
of each cluster. In this analysis we emphasize the fit between changes

over time in patterns of citatioms and what we know about the cognitive

development of the two specialties.



13

Takle 6 shows cltatior patterns for both groups for four periods

Table € ahout here

during 1967-1973. These four periods wern determined by examining the
density levels and patterﬁs for all of the vears and then combining
consecutive vears that showed strong similarity. Two results for AA

in Table § are especially notevorthy. Tirst, there are substantlal
changes in cverall density. 3Beginning with fairlv low Gensities during
1967 and 1968, there are substantial increases in 1969 and 1970. The
high densgities in 1970 are maintained until 1973, tvhen they begin dropring
off. Second, there are clhanses in the pattern of citations over the
period, and these chamges occur vrecisely when the density changes. During
the earliest period bloclk I is cited sliphtly more than any other blocl,
but all blocks show intrsblock eitation densities higher than any of

the interblock densities. This pattarn begins to change in 1969, when
a‘sgqssflgnggiffszatietn bepins to emerge and is guite stréng during

the 1970-1972 period. 1In 1973, the pattern bégins to weaken.

These two changes conforrm fairly closely to the intellectual
development of the speclalty as discussed earlier. Intensive research
in the area did not develop until the late €0's and early 70's. VWhen it
did develop, the group of authors who had made the orieinal discoveries
in 1966 constituted a clearly bounded central group. This rroup
maintains its position after 1572, but as work iIn the area became less
intense, citation densities among the entire croup of authors declined.

Similar results are shown for RT authors. The citation densities
are at relatively low levels from 1967-1969, and then increase to a

peak in 19271, the year following the publication of the discovery papers.
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Then a decline in the citation densities occurs in 1972-1973, Once
again, the eariiest period shows a pattern vherein block I receives more
citations than the other blocks, but intrablocic citation densities are
geuerally higher than interblock densities. This pattern gives way to a
center-veripnery pattern as citation densities increase, but tends to
emerge again when the densities decl{inc {1972-1272). The chief dif-
ference between the citation results shown for the two groups of authors
is the more sustained period during which high citation densities and the
center-periphery pattern are maintained in Australia antigen.

In gencral, the longitudinal results for the two groups of authors
correspond fairly closely to the cognitive development of each area
as discussed earller., Both groups show the same jereral changes in
citation densities und patteras, and these changes occur at the expected
points in time. Furthermore, the chief differcnce between the two groups
ig consistent with the fact that researcn on reverse transciptase itself
occurred during a shorter period of time than research om Australia
antigen.

It should be noted that the decline in citation densities and the
weakening cf the center-periphery pattern shovn in the most recent
periods for both groups camnot be attributed to a decline in tle

scientific activity of their members. Table 7 chows thet scientists

Table 7 about here

igﬁggzﬁffgii have continued to publish .at the rates they did during the

] ‘-\-—-*N
peaELzEEEE_EE_EEE early 1970s. TFurthermore, slthough the members of

Eh o ST

each grovp cite each other less than during the peal years, ther have
3 L
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?ecEiVEd increasiro numbers of references from the scientific community
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as a vhole. These results suggest that with the nassage of time the

B e B et gt

scientists in each group have turned their attentions to other research

e U T LA AT Top il S M AR TR Mo B T PP A TR Y

topics, and this kind of shift amoag the central figures in a scientific

e

WWWE}_Q _pattern oﬂ sgeciilty declin&

(Mullips, 1975; likay, 1975). 1n summary, the results shown by the

longitudinal citation data for the twc groups of authors provide further
corrocboration for the conclusion that they do imn fact constitute

scientifiz specilalties.

CONCLUSIONS

In this paper we have examined various features of the social
structure exhibited by the authors of two clusters of highly cocited
papers. ''e have found that both groups are dense social networks and
that they show patterns of socizl ties which are consistent with previous
accounts of the social structure of scientific specialties. In additionm,
chnges over time in the citation flows awong the authors in each group
are consistent with our knowledge of the cognitive development of the
twvo research areas. Finally, differences between the two groups, such
as the different times of peak activity and the difference in citation
densities during these periods, are also consistent with our knowledge
about the cognitive development of the two areas.

On the basis ¢f these results we conclude that the highly cocited
papetrs were produced by scientists who were, when the papers were
written, members of scientific specialties. Thus, we believe that the
use of cocitation analysis to identify scilentific specialties provides

a promising tool for thae comparative analysis of specialty growth and
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development. Two directions of inquiry seem promising. TFirst, more
detailed analyees of the socizl structures of proups such as those studied
here should be carried out. The conafstency in the relationships among
blocks across differéﬁf types of social contact suggests the existence
of cohereut ole relationships, and the alsebra of these relationships
(Boorman and White, 1976) needs explication. Second, it i3 clear that
the kinds of specialties identified by cocitation analysis are not
necessarily equivalent to some of the entities discussed in previous
worlr on scientific speclalties. The two groups examined in this paper,
for example, fit neither the model of the "revolutionary specialty"
(Griffith and HMullins, 1972) or the model of the "imstitutionalized
specialty" (Mullins, 1974). Inatead, they bear a strong resemblance

to the kind of entity discussed by Mulkay (1975). Further ipvestipation
of the differences among these types of specialties and, more important,
the procenses by which one type is transformed into another, is clearly
in order. The study of groups identified by cﬁcitatinn analysis is a

promising avenue for such work,



Footnotes

lye have included in the anulysis those who did not return question-
naires because they were recipients of "choices' from these who did
return quéstionnaires. Since the nonrespoandents obviously reported no
ties with the respondents, our results underestimate the true densities
of ties for our groups. Illevertheless (see below), our densities exceed
those reported in previous studies,; even data that alsc exclude non-
respondents (Brieger, 1976).

2vor Australia antigen, blocl IIT shows unexpectedly high intra-~
block awareness for “ever heard of™ and "know well." Block IL shows
relatively low densities of awareness of blocks III and IV for these

two relationships. Tor reverse transcriptase, the authors im bleck II

show low densities of awareness of blocks III and 1V for “ever heard of."
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Table 1. Overall Hetwork Densities for Three Heasures of Awareness,
by Specialty Area

Specialty Area

Meural Control#*

Level of Reverse Australia of Food and
Awareness Transcriptase Antigen Water Intale
1. "Ever heard of™ 74 .84 NyEL
2. "Follow the work of" 40 .35 —
3. "KIIOW WEII" 015 016 — \) \
¥ b
4. "Mutual contact” - e .07
N 105 65 107 ) '7’9"‘3

* Source: Brieger (1976:119-122).

*¥* This figure is the complement of that reported by Brieger for the
proportion of 'unaware responses.



Table 2. Overall lietwork Densities and Connectivity Scores for

Mentorship and Colleagueship Ties, by Specialty

Connectivity Scores

. Theory3® Diffusionb
Prrece of of Agri-
€ Finite cultural
RT Ap RT AA Groups Innovations

Current Collaboration 014 .018 D46 .125 ——— .010
Published Collaboration .N31 .043 452,394 .030 .022
Thesis Directors — —— —-— ——— .010 .028
Teacher 0Of 006 .006 019 .G22 —— —

N 105 65 105 65 1022 221b

Mote: RT = reverse transcriptase; AA = Australia antigen

3 Source: Crame (1972, 147-9).

b Sorrce: Crame (1972, 14€-7).



Table 3.

Authors of Two Co—-citation Clusters

Feur-Block Densities of Three Types of Awareness, for

11
11T

v

I1

ITI

v

II

III

Reverse Transcriptase

"Ever Heard Of"

I il ITI v

.88 .91 .72 .62 T

02 .78 .58 .36 11

.92 .78 .69 ,57 III

.83 .59 A7 .45 v
"Follow Work"

I I III IV

72,53 .38 .26 I

72 .35 40,23 it

b 30 .20 .11 IIT

42 .28 .17 .13 17
YKnow Well"

I 17 ir I1v

.52 .21 .11 .08 I

.22 .12 12,07 I

Jl1 .07 04 .02 III

.12 .03 04 .04 v

Australia Antigzen

.51
.40

27

.18

24

II
.26
.09
Ou

.08

171

III

002




Table 4. Four-Block Densities for Five Types of Contact
RT Authors AA Authors
Teacher of
T oo ow I II III IV
I .02 .01 .02 .01 I .02 .01 .02 .01
II .01 .00 .00 .00 IT .00 .00 .00 .00
III .00 .00 .00 .00 IIT .00 .00 .01 .00
v .00 .00 .00 .00 Iv. .00 ,00 .00 .00
Colleague at Same Institution
I IT III v I IT 1III v
I .08 .04 .03 .04 I .05 .02 .08 .01
II .03 .2 ,01 .01 II .00 .01 .00 .00
IIr .01 .01 ,01 .01 IIr .09 .01 .17 .01
v .05 .01 .01 .03 v .00 .01 .00 .00
Ever a Co-worker

I II III v I II Ii1 v
I .07 .03 .03 .03 I .12 .05 .07 .03
II .04 .02 .02 .01 II .02 .01 .00 .00
Ixr .02 .01 .01 .01 IIT .04 00 .10 .00
v. .02 .51 .01 .02 v .01 -.02 .01 .00



Table 4., continued

2T Authors

1 I III

II .03 .02 .01

IIT .00 .00 .00

Iv. .01 .00 .01

I II 1II

II .06 .06 .02

III1 .02 .01 .02

v
.03
01
.01

Co-worker Mow

Ix

I1I

v

Coauthor

II

IiI

I7

A7
01
.02

.01

AA Authors

Iv

.01

.00

.00

.02

01

.01




Table 5. Block Specific !‘eans for Status 'easures

Neverse Transcriptase

. ations Received
"'ean year Fesearch  Papers Citations Receiv

Block of Ph.D. Fundine?® TFublisihiedd 19257 1970 1973
I 5a.1 633.2 56.0 49,2 66.2 £7.9

iI 53.4 152.5 260 12.3 25.8 60.2
III 61.5 84,0 25.6 14.5 21.8 39.8
v 65.0 19.1 17.1 7.7 16.0 35.0

Australia Antigen

- e hid
‘:eanp year Research Papers Citations Received

Block of Ph.D.  Funding® Published? 1967 1970 1073
I 50,9 6370 47.9 22.7 52.4 76.9

11 52.3 46.8 49.2 22.9 4.2 67.9
It 52.5 34.3 27.2 8.9 23t 42.1
v 52.6 5.8 31.4 14.3 19.9 31.0

@ Pesearch grants and contracts for 1974 and 1975 in 5100C's.
?
Source: Srithsonian Scientific Information Ixcharne

P Total papers published, 1967-73. Source: Science Citation Index.




Table 5. Citations Patterns Within Groups Documents, 1967-1973
RT Citarions AA Citations
1967-69 1967-68
I° I III W TII TIOIW
i .04 .01 .00 .00 1 .03 ,00 .01 .0C
IT .01 .02 .00 .00 Ir .01 .02 .00 .0C
IIT .01 .00 .01 .00 IIT .02 .00 .03 .00
iv .01 .00 .00 .C1 w .00 .00 .00 .03
Density = .011 Density = .011
1970 1969
I IT I v I IT 1IIl w
I .12 .03 .02 .02 I 13 05 .09 .01
II .04 .02 .01 .01 II .06 .05 .03 .01
IITr .03 .01 .92 .01 IrT .02 .01 .04 .20
v .01 .00 .00 .01 w .00 .00 .00 .02
Density = .C3C Density = .042
1971 1970-72
I IT1 III v I II IIX v
I .17 .08 .05 .65 I .26 .14 .11 .03
IT .10 .08 .05 .02 Ir .14 .13 .05 .04
IIT .05 .02 .03 .00 IIT .05 .02 .06 .01
w .02 .51 .00 .01 v .08 .07 .04 .05

Density = .036

Density = .100



Table 6.

continued

II
Ii1

RT Citations

1972-73

II III
M 02
06 .02
.02 .02
00 .00

Density = .028

IV
.02
01
.00

01

I1

TII

.19
.07
.04
.01

AA Citations

1973

II IIf
09 .06
.07 .02
01 .04
01,00

Density = .056

Iv
.02
02
.00

.02




Tabie 7. Rates of Paper Production by and Citation to Groups

Per Year
RT 7y
Citations  Total Papers Citations Total Papers
1267 2580 1066 1207 471
1968 3088 1208 1207 532
1969 3166 1467 1671 696
1970 3881 1385 2478 738
1971 4672 1582 3035 902
1972 5308 1643 3557 1033
1973 6310 1869 3818 1092




RT

Level 1 195

7

/ A\
Level 2 56

9
;o F A
/N
/ \
Level 3 37 19 26 23

I II 111

Flpure 1. Successive Partitions of AA and RT Groups

/\ /\

22

I

i6 14

IT IIT

Iv



