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ABSTRACT 
 
Using Catij (a new sociometric technique given elsewhere), some aspects of the social 
structure of an oceanographic research vessel are described. Specifically, affective 
relations (how people feel about one another) and effective relations (how people say 
they interact with one another) are compared as they develop through time. In the 
beginning of the cruise, there are large gaps in the relational structure and these gaps 
close over time, as expected. Moreover, the affective relations tend to become similar to 
the effective relations. The implications for network and sociometric studies of closed 
groups-is considered. It is believed that the properties of massive networks (i.e. a city, an 
aircraft carrier, or a whole country) will not turn out to be very different from those of 
miniature networks. Rather, the critical difference is probably the ability of persons to 
comprehend the nature of the network in which they are embedded, rather than in 
properties inherent to the networks themselves. 



I INTRODUCTION 
 
This paper describes the results of some sociometric experiments carried out aboard the 
research vessel (R/V) Thomas Washington operating in the Sea of Japan between August 
l-September 10, 1973. This environment was chosen as a reasonable approximation of an 
isolated, 'closed' group, and as such might be considered as a potential data base against 
which theories of group structure could be tested. It is not our intention here to give a 
traditional sociometric description of the T. Washington or an account of social relations 
aboard research ships at sea. Both of these have been dealt with elsewhere (Bernard and 
Killworth, 1973, 1974). Our purpose here is to discuss two elements of sociometric data 
which are potentially relevant to theories of social structure: a) time dependence, and b) 
the distinction between affective and effective  
 
The relations we describe are very complicated. This is because we have deliberately not 
used techniques which arbitrarily clean up the messiness of real life. It seems almost a 
given in sociometry that neat, uncomplicated sociograms are somehow more useful to 
understanding of social structure than the apparently chaotic relationships which inhere 
amongst members of any group of more than, say, ten persons. This has already been 
noticed by Boyle (1969), but is worthy of repetition. We are not aware of any mass 
movement away from the pristine neatness of the standard sociogram. Indeed, colleagues 
reading earlier drafts of this paper regularly commented (with some fervor) that our 
graphics are too complex to follow, and asked us to eliminate them. Our presentation of 
these horrendous diagrams is deliberate. Since we are not trying to communicate the 
social organization of the T. Washington, these graphics are not meant to be followed in 
detail. Their function is to underline the fact that social interaction and social structure 
are very complicated things.1  
 
The sociometric experiments carried out aboard the R/V T. Washington were designed to 
a) shed light on the development of social structure in a naturally occurring closed group 
over a finite time; and b) see if differences between affective and effective structures 
were discernible.  
 
In our opinion, the area of effective sociometry has been sorely neglected. Nearly all 
sociometric experiments are based on assumptions of affective rather than effective 
interaction. Questions such as "who do you like most" or "who do you trust most" are 
usually asked to obtain sociometric data. Questions such as "who do you talk to most" or 
"who do you interact with most" are almost never asked. Bjerstedt (1956, pp. 15-28) 
discusses the definition of sociometry as derived from a survey of 131 sociometricians. 
He concludes that "preferential sociometry" is the prevailing bias in the field. In other 
words, sociometry in 1956 was the quantitative study of group social structure, based on 
preferred interpersonal relations among group members. There is little evidence to 
suggest that sociometric data is collected any differently in 1975. In the meantime, the 
field of social network analysis has more recently been concerned with the study of group 
structure based on actual interaction among group members (Barnes, 1969; Mitchell, 
1971, 1973; Bott, 1971; Whitten, 1969; Wolfe, 1970; Lauman, 1973).2 
 



A final motivation for this work is the obvious need for dynamical models of social 
networks. These are beginning to appear (Rainio, 1966; Hunter, 1974; Killworth and 
Bernard, 1975a) but the range of assumptions in such models is very wide. It seems to us 
that both affective and effective relations must be included in any reasonable model. Our 
current work attempts to discern the differences between affective and effective 
networks. The question is to determine if the differences are significant, and, if so, by 
how much. We also want to know something about the rate and amount of change of 
interaction. We have no basis for judging whether the changes in structure are fast or 
slow; but we can hopefully make some crude statements about the amount of change 
taking place. 
 
II THE ENVIRONMENT 
 
The R/V T. Washington is operated by the Scripps Institution of Oceanography. 
Oceanographic research vessels are relatively closed social systems with two major 
components called "crew" and "scientists." Neither of these groups is homogeneous. 
Within the crew there are structural divisions between officers and seamen; and between 
deck, engine room, and galley. Among the scientists there are Ph.D.s, graduate students 
and technicians. Social divisions between young and old, and between men and women 
are also important.  
 
The crew lives aboard the ship for at least 4 months, and often as long as 7 months at a 
time. By contrast, the scientific party changes every 2-6 weeks, usually every 30 days on 
major vessels such as the T. Washington. The scientific party considers the ship to be an 
instrument of research, while the crew sees the vessel as its home. Crew members require 
beach time between cruises, and between legs of cruises, to alleviate the tensions of 
spending half or more of their lives at sea. Scientists pay $5000/day (through their grants) 
for use of the ship and they try to maximize the time at sea. Thus, in spite of internal 
heterogeneity among crew and scientists, this basic conflict sets them apart as social 
blocs.  
 
Fuller details may be found in Bernard and Killworth (1973, 1974). Briefly, we have 
argued: 1) The crew sees the scientists as intruders into their home who have little regard 
for the meaning of the ship to the lives of crew members; 2) The most important variable 
determining the level of conflict between crew and scientists at sea is the "level of data 
hunger" of the chief scientist. The more oblivious the chief scientist is to the emotional 
needs of the crew, the more he will push to have the vessel stay at sea collecting data 
until the last second; 3) Beneath issues such as sea-time vs. beach-time, there is an 
underlying class conflict. This results from locking elite members of the "working class" 
and elite members of the "intellectual class" on a box and floating them out to sea where 
they cannot hide from one another; 4) The brokers between the two parties of class 
conflict are the marine technicians (techs). They are part of the scientific party but may 
stay at sea for up to 3 months on occasion. In addition, they never have more than a 
college education and often have less. They are absolutely indispensable to the work of 
the Ph.D. and graduate student scientists, but they have class values in common with 
crew members. We have demonstrated sociometrica11y the brokerage role of the 



technicians in Bernard and Ki11worth (1973). We have now duplicated the experiment 
and found similar results in this regard.  
 
The T. Washington was in an ideal position for our study. In August, 1973, it was on the 
fourth leg of a major expedition and had been at sea for over 4 months. Thus the crew 
had had a long adjustment period, whereas the scientists, who joined the ship when we 
did, had had none. 
 
III. DATA COLLECTION AND TREATMENT  
 
The method used to explore the time changes and effective vs. affective structure 
questions was the catij technique. This technique was developed by the authors to analyze 
the structure of the R/V Melville and we have described it in detail elsewhere (cf. 
Bernard and Ki11worth, 1973; Kil1worth and Bernard, 1974, 1975b). Briefly, data are 
obtained in the form of a "distance matrix" dij whose ij entry is the ranking by i of j. This 
ranking runs from 0 for i himself to n-l for the ,person he ranks lowest, according to the 
question asked (i.e. who do you talk-to?).  
 
The entries of the catij matrix are obtained by seeking minimal distance routes from 
person to person using intermediaries. An entry of 1 in catij indicates that there was no 
shorter route from i to j than the direct distance given by the subject, dij. An entry of two 
indicates that there was one intermediary involved in the fastest route; and entry of n 
indicates that n-l intermediaries were used. We believe (for effective networks, at least) 
that a person's catij-l entries represent his perceived direct communicants, his 2's as less 
direct, and so on. Catij is an interaction3 matrix, whose entries are categories or levels of 
perceived interaction between any i and any j. It is thus not the same thing as a traditional 
sociomatrix; we have demonstrated however, that catij is a significant matrix, more stable 
to perturbation than a sociomatrix, and a powerful tool for describing group interaction 
and structure. 
 
Those who prefer to use the sociogram can think of the first rows of catij as being 
equivalent in some sense to the choices of an unlimited sociogram. This view is not 
entirely accurate but is sufficient here. Skeptics should note that without exception the 
findings presented here have been wearisomely reproduced from a 7-choice sociogram 
with little change in the figures (cf. Killworth and Bernard, 1975b). The catij matrix is 
factored by rows to ascertain sub-groups on the basis of "common view of the universe." 
Catij subgroups are thus not necessarily cliques in the usual sense, but they may be. Catij 
subgroups reflect only the fact that members see their relation to members of the larger 
group in some similar fashion for reasons not determinable numerically. We rely on 
participant observation and discussion with group members to enlighten us on the operant 
factor forming a sub-group when it is not obvious. The advantage of this technique is 
clear: "cliques" are always clustered; in addition, other groups are culled out even where 
cliquing is not operative.  
 
A total of 5 catij matrices were generated, three effective and two affective. The first 
effective matrix was obtained 3 days out of port by asking all the personnel on board to 



rank all other members of the ship's complement in terms of real-time interaction. There 
were 22 crew and 20 members of the scientific party. 4 
 
The second and third matrices were obtained 2 weeks out of port immediately after a 
special port stop. The vessel put in to the island of Hachijo-jima, to pick up a Japanese 
oceanographer who had flown out to join the expedition. At that time also, one of the 
Ph.D. scientists already aboard left for home and two crew members (an AB and a cook) 
joined the ship. 5 
 
The second matrix was obtained in an identical manner to the first. The third was 
obtained by asking for a ranking of people in terms of liking The third was obtained by 
asking for a ranking of people in terms of liking rather than interaction. Because we were 
on notice that our work was viewed with apprehension by the crew, we specifically did 
not ask for a complete ranking on affect. We simply did not know how people would 
react to being asked whom they did not like (the bottom of the affect ranking) and we de-
cided not to jeopardize the entire study. We had already established that ranking of 15 dij 
entries would be sufficient to generate the catij matrix with no loss of generality.6 
 
The fourth and fifth matrices were obtained exactly as the second and third. We took the 
data four days before coming in to port (rather than the last day) in order to avoid the 
effects of "channel fever" on subjects' responses. Channel fever is usually described by 
the statement that "a ship never travels faster than when it's headed for port."  
 
IV GLOBAL RESULTS  
 
With such complex data, any attempt to indicate a trend, or any kind of uniform behavior, 
is automatically selective and indicative of the authors' biases. Inevitably, many readers 
will be frustrated because we did not examine an item of interest to them. To forestall 
such problems, we observe that these (and much other) data are available for general use 
in the KBDATA file (Bernard, Killworth and Kuznicki, 1975).  
 
In order to examine the data, the following device is adopted. We divide our results intro 
three levels: global, clique-level, and local. These terms are only loosely defined. By 
"global" we refer to changes on a large scale affecting all members of the group. By 
"clique-level" we refer to changes that only members of one or several cliques, but not 
the whole network. Finally, by "local" we refer to changes that affect one or several 
people but not, typically, a whole clique (although much of this is contained in the global 
results).  
 
A visual representation of the global changes can be seen in figures la-e. The members of 
the ship's complement are listed in Table 1. Nos. 1-22, and 44, 45 are crew. (Recall that 
44 and 45 joined the ship in mid-cruise.) All others are in the scientific party. A glance at 
fig. la shows that four days out of port some direct interaction between the two blocs had 
already occurred. Most of this was the result of the crew and scientists knowing one 
another from previous cruises.  
 



There were a total of 40 catij-l effective links between crew and scientists on day-4. Of 
these, 6 were mutual links. Of the 40 links, 8 were from crew to scientists; the mutual 
links were 6 of these 8. There were thus 32 one-way links from scientists to crew, 
including the 6 reciprocals. Reciprocal direct communication existed between the first 
mate and one of the two chief scientists; the second mate and the other chief scientist; an 
oiler and a graduate student; the mess cook and a hydro tech; the ship's electronics tech 
and the scientific party's electronic tech.  
 
The fact that some direct communications links were evident between scientists and crew 
did not have much effect on the subgrouping of the ship. Factoring of the catij matrix 
produced 7 groups, including a single group consisting of all the crew members. One-
way links between scientists and crew occurred, as expected, principally through the 
techs (#'s 23-32) with 28 and 30 clearly the most used channels from scientists to crew. In 
line with much other data from groups with dichotomous populations based on 
socioeconomic status, the higher status group expressed far greater confidence in its 
communications with the hierarchically lower group than vice versa. There were 6 
mutuals, of which only one was a crew-tech link. Fully 25% of the scientists' links were 
to crew (33 links out of 131), while only 7% of the crew's links were to scientists (9 links 
out of 132).7 Chi squared for this is a comfortable 126.  
 
Now consider fig. lb, effective communication links at time-2, on day-15. The 
complexity of the interaction is obviously increased. There are 21 links from crew to 
scientists (not including the 4 links of 44 and 45 to scientists) and 23 links from scientists 
to crew. Six links are mutual. Of the total 44 links from scientists or crew to each other, 
30 are between techs and crew (14 from crew to techs, and 16 from techs to crew). Five 
of the 6 mutuals are between techs and crew. Factoring the matrix resulted in 9 groups, 
with the crew separated into two blocs of 5 and 4 each, with other crew members either 
grouped with scientists or not receiving high factor loadings. Thus, although there is still 
an obvious crew structure in the sociogram, it is clear that the crew has melded 
temporarily into a larger communications structure of the ship. This is further indicated 
by the fact that of the 165 links from crew, 17% are now to members of the scientific 
party. Of the 113 links from scientists, 20% are to the crew. (Chi-squared remains at 
100.)  
 
By the time we get to fig. ld, the gap between scientists and crew has closed still further. 
There are 21 crew-to-scientist links, and 33 scientist-to-crew links for a total of 54 links 
with 7 mutuals. It is clear that effective communications has become more complex, with 
greater interaction between scientists and crew. However, the distribution of the 
interaction now looks more like time-1, when scientists claimed greater direct 
communications with crew than the crew did with scientists. Of the 21 links from crew to 
scientists, 11 are to techs and 10 to non-techs. Of the 33 links from scientists to crew, 23 
are from techs to crew and 10 are from non-techs to crew. Four of the 7 mutual links are 
from techs to crew. The difference between scientists and crew in their estimation of 
communications across blocs is widened again. 17% of the crew's links are still to 
scientists, but 26% of the scientists' links are to the crew. The chi squared continues at a 
high 90.  



 
By t-2 (15 days out of port), the structure of affective ties is at least as complex as 
effective links. There are 16 crew-to-scientist links, and 27 scientist-to-crew links, with 6 
mutuals. Thirteen of the 16 crew-to-scientist links (81%) are to techs; all 6 mutuals are 
between crew and techs. Eighteen of the 27 scientist-to-crew links (66%) are from techs. 
The chi-squared for crew's vs. scientists' links is' 81.  
 
By t-3 for affective links (4 days before the end of the cruise) there are 23 crew-to-
scientist links, and 30 scientist-to-crew links, with 4 mutuals. Sixteen of the 23 crew-to-
scientist links (70%) are to techs. Nineteen of the 33 scientist-to-crew links (63%) are 
from techs. All 4 mutuals are between techs and crew. The final chi-squared is still at 61. 
 
From the above, we conclude that the role of technicians as both affective and effective 
brokers between scientists and crew is affirmed. It is clear that the crew is a cohesive 
social unit which accommodates rapidly to the appearance of a transient group of 
scientists. The crew re-form as a unit between legs of a cruise while the vessel is in port. 
Systematica11y, the crew have significantly fewer links to scientists than scientists do to 
crew.  
 
Any theory of social structure will obviously need to estimate a time scale for changes 
within a group. We can make an estimate from our data at the rate of change of the direct 
links. The occupancy of a person's first row (effect) changed by about 40% between 
times 1 and 2, and slightly less (37%) between 2 and 3. (The change in affect was 46% -- 
rather 1arger -- between times 2 and 3). The change between 1 and 3 in effect was not 
62% (i.e.100%-60% x 63%) but 53% due to some members at time 1 disappearing at 
time 2 but returning at 3. At first sight one might assume that this indicates a continuing, 
steady, time rate of change within the group, but examination of the cliques shows that 
these are much more stable (typically 80% constant). 
 
Many of the changes in the direct links occurred because links were being created 
between crew and scientists (cf. the models of Hunter, 1974, and Ki11worth and Bernard, 
1975a). We obviously do not know what the time scales for change in such groups are, 
but two weeks fits both intuitive and ethnographic evidence and also the 40% change 
figure quoted -- at least for the group studied. (Also, see Herbst, 1967, p. 74.)  
 
On the global scale, there is a strong relationship between affective and effective links 
despite temporal and spatial pressures inducing effective 
but not affective links. The overlap between affective and effective links is high -- 
typically 60% on times 2 and 3. We do not possess the data for time 1, but believe the 
figure to be smaller.  
 
There is also a tendency for affect to cause changes in the effect For example, of all the 
individuals surviving in effect rows between times 2 and 3, 73% were also affect.8 Hence 
we deduce that a link which is both affect and effect is more likely to survive than one 
which is either affect or effect. However, compared only with themselves, links which are 



both affect and effect are no more stable than any others -- 64% of all affect and effect 
links survived between times 2 and 3 (or 63% when all the links are considered).  
 
These results, of course, confirm intuition: a friend in constant communication with an 
individual tends to remain so. But what of the forces tending to change the situation? 
What creates new links or demolishes old ones? The theories of balance, transitivity, etc. 
all assume that pressures are induced upon individuals by third parties. For example, if A 
likes B, and B likes C (and A knows this -- a point frequently overlooked), then 
transitivity states that there is a pressure on the trio if A dislikes C.9   
 
Is this borne out in the data? We studied this by examining the correlation between 
appearance by j as an effect or affect link from an individual (i) at time 3 (scored by 1 for 
an appearance and 0 for non-appearance) and the number of "inputs" i received at time 2 
about j. Here one "input" about j is received by i through each k such that k is on i's first 
row and j is on k's first row, i.e. i "knows" k and k "knows" j. There are three types of 
inputs: pure effect (i talks to k, etc.), pure affect (i likes k), and joint (i talks to and likes 
k).  
 
Theories presuppose that the greater the number of inputs i receives about j, the more 
likely i is to have j as a direct link at time 3, and hence the correlation between inputs and 
appearance scores should be positive. These appear on the top two rows of Table 2, and 
are always greater than 0.11. For so many points (1640=41 x 40) a correlation of 0.05 is 
significant at the 5% level, 0.07 at the 1% level, 0.081 at the 0.1% level. Correlations as 
large as these are thus extremely significant, and (with some reservations - see below) we 
conclude that a link at time 3 is strongly influenced by inputs at time 2.  
 
We can also redefine the scores to be 1 if a link appears at time 3 which was not present 
at time 2 (i.e. a creation) and a (rows 3-6 of Table2). These correlations are also very 
significant, but somewhat lower. Hence creation of new links is strongly influenced by 
inputs at time 2.  
 
We can examine some of the pressures causing a given link to survive over time. Recall 
that 60% of links survive over 2 weeks. We redefine the scores to be 1 if a link exists at 
times 2 and 3, and 0 otherwise. The correlations are shown in the 5th and 6th rows of 
Table 2 -- again highly significant. Hence an important factor to survival of a link is 
inputs about the link.10 
 
There are all the usual problems in interpreting correlation coefficients and their 
significance. First, there are probably many more quantities hidden in so much data 
which are equally, or better, correlated than the quantities we have described. A full 
description would be a massive undertaking.11 Secondly, it is obvious that causality 
cannot be assumed because of significant correlations between quantities. Nonetheless, 
causality would seem to be implied here both by the closed nature of the group and the 
time-ordering of the relations. Thirdly, little variance is explained by such correlations, 
indicating that other, equally powerful forces must be at work besides those examined. 
We have no way to guess what these are. 



 
Holland and Leinhardt (1974) have examined similar quantities from a rather different 
angle, with a measure of confirmation. rather different angle, with a measure of 
confirmation. They compared amounts of transitivity (and positive balance) with amounts 
expected by chance, in over 600 sociograms. In all cases the amount of transitivity 
(positive balance) was much greater than that due to chance. (We did not perform the 
same calculations here, as there seems little doubt that the same results would be found.) 
Combining these results, then, pressures due to balance, etc., produce (a) a significant 
amount of tr$.nsitivity, etc., at any given time and (b) a tendency to increase it, over time. 
(According to Leinhardt (private communication) some data of Newcomb on a college 
fraternity over time show a similar tendency.) 
 
Finally, we examined whether reciprocal relations were any more robust than asymmetric 
ones. On the global 1eve1 we could find no evidence for reciprocity  to be in any way 
significant. 
 
 
V CLIQUE-LEVEL RESULTS 
 
One of the problems in discussing data at the clique level is that there is no  generally 
accepted definition of a clique (cf. Boyle, 1969; Alba, 1973; Neimeijer, 1973; Barnes, 
1969; Ki11worth and Bernard, 1975b). For the present purposes we shall use the cliques 
obtained by row-factoring of catij, provided that these cliques agree with intuitive, 
ethnographic and numerical 
data. 
 
We have already noted that the relationships within cliques are much more  stable than 
relations generally. Similar statements hold for many of the  quantities discussed in 
section IV: e.g. although the overlap between affective and effective links in general is 
about 60%, this figure rises to 75% if we  restrict attention to relations within cliques. 
Note that the cliques are not  necessarily 100% connected. As an example, at time 2 there 
were six factored cliques in the effect network. The percentages of the effect links which 
were affect links also, were  71%, 75%, 71%, 89%, 100% and 50%. It is within cliques 
that reciprocated relations become important. (An aside: in terms of time spent talking, 
effective relations are patently reciprocal; but either they may not be perceived as 
reciprocal, or else their importance may not be the same for the two persons concerned. 
We are currently examining the problem of informant accuracy on this matter.) Unlike 
the group as a whole, where reciprocity seemed insignificant, cliques seem dominated by 
reciprocity.  
 
The percentages of effective mutual links within the cliques above were 75%, 100%, 
57%, 67%, 100%, and 0% (a two-person group) respectively. We identify  this 
phenomenon with a result of the pressures towards clustering which exist  in well-
connected cliques. At the clique level there is a great similarity  between affect and effect 
networks. Consider figures 2a-2e, which show the five  networks connecting some 
graduate students, computer techs, marine techs, the  chief scientist, his programmer, and 



the authors. The clique boundaries were obtained by factoring -- the numbering of the 
cliques is purely historical and has no relevance. All other links to or from these cliques, 
or from other  members of these cliques who are unknown, are omitted for clarity 
(although much  complexity remains). 
 
Figure 2a shows the effect network at time 1. A graduate student, 38, formed a clique 
with the authors (35, 36) due primarily to synchronized bouts of seasickness. At that time 
there was little communication between this clique and clique 4, which is primarily 
graduate students; however, 26 (a computer tech on an allied experiment) acted as a 
powerful intermediary between these two cliques. Note also that 28 is an entry point for 
clique 3 (computer techs and programmers). The dominant position of 33 (chief scientist) 
is clearly evident. 
 
By time-2, 26 has been drawn into a larger clique made up of elements of the  previous 
cliques 4 and 5. This is in strong agreement with both models and  data. Our model 
(Killworth and Bernard, 1975a) states that intermediaries  are in an exceedingly 
precarious position. As time passes, one of two things  must happen in a group free from 
external pressures: a) the intermediary will  be sufficiently powerful to draw the two sub-
sets he connects together, or  b) the social pressures of the two sub-sets will be 
sufficiently strong to  force the intermediary to relinquish his position. This does not 
always occur:  marine technicians form a steady, structurally defined liaison between  
scientists and crew members on research vessels, for example. Externally-induced 
pressures (i.e. enforced temporal/spatial allocation) are responsible for the maintenance 
of such intermediaries, in every case we have observed. 
 
In studies of two prison bureaucracies we found a dichotomous social system of 
treatment- vs. corrections-oriented personnel, or counselors vs. guards. In all cases where 
line officers became counselors, social pressures forced them to sever their 
communications ties with former colleagues. Those who did not were exceptional 
brokers, but since no structurally (i.e. culturally or bureaucratically) defined slot "broker" 
exists in this culture, those people eventually fold under the pressure (Bernard, 
unpublished manuscript). 
 
In addition, 28, who was acting as an entry point for his clique earlier, is now factored out 
of the clique altogether. In general, the network at time 2 is more complex than at time 1. 
By time 3 (fig. 2d), the networks and degree of  complexity are mainly unchanged, 
although the cliqueing has changed. The  authors are now outside the clique of graduate 
students, which reflects the  interest in the crew which we were then expressing. Chief 
scientist 33 achieved  a very rare triumph of being factored into two cliques (3 and 7)  
simultaneously. 
 
Thus we see that the effective networks change little after the first two weeks, while the 
attitudes and cliqueing do. This provides a potential answer  to a statement that had been 
forcefully made to us by crew and scientists  alike: that after two weeks at sea, the entire 
social structure changes. Conversely there was nothing in our ethnographic or numerical 
raw data to  indicate this. The explanation seems to be that the effective structure changes 



little within cliques, but (see below) affective structure -- and people's perceptions of it -- 
do continue to change over a longer period. In other words, as people "settle-in" they 
perceive that their relations have changed qualitatively; when asked to translate their 
feelings into effective relation data they simply fail to change much from similar 
translations taken early in the group's life. It is possible the effective structure changes 
again after a longer time interval, but we do not yet possess much data on this. 
 
Typically, the affect structures (figures 2c, 2e) are somewhat simpler than the effect 
structure. Whether this reflects the enforced time-sharing due to watch-standing, etc., we 
do not know. Perhaps the best description of the affect structures as far as the cliques and 
between-clique relations are concerned, is that (approximately) the affect structure is a 
subset of the effect structure. In the group as a whole, this is untrue -- there are virtually 
the same number of affect and effect links. Between times 2 and 3, the affect network 
"tightens" somewhat and displays a tendency to fill in missing links (cf. Hunter, 1974). 
 
 
VI  LOCAL RESULTS 
 
The final discussion is devoted to results concerning an individual's ego-centered 
network. How, for instance, does an individual perceive a) his position in the network, b) 
the network as a whole and c) his position in any one clique? How do pressures (e.g. 
balance) manifest themselves to him? Consider the ego-centered network of person 41 
(chosen at random). Figures 3a, 3b show 41's view of the network at time 2 as far as his 
first row's first row, for effect and affect respectively. As we have stated, there is a high 
degree of similarity between the two networks. 41's first rows are shown at time 3 in 
figures 4a, 4b. From this it can be seen that 41 chooses persons 24 and 11, the only input 
about whom apparently comes from 25. However, various other inputs come from 25 and 
the other members of 41's first rows. How does 41 select his network at time 3 from this 
mass of input? We have to assume -- as do all structural theories -- that 41 has a 
sufficiently clear picture of the whole group to enable him to make such a selection. 
 
Hence, we must ask the question of how well people understand the networks in which 
they are embedded. Limited evidence suggests that people do not really know the nature 
of the network any better in a 40 person group than they do in a 150 person group. They 
can predict with somewhat greater accuracy the actual persons who are their first links in 
the smaller groups. But, in general, in groups within this range, people seem to recognize 
about 95% of their first links to the network; about 60% of their secondary links (i.e., one 
intermediary); and less than 30% of their tertiary links (Bernard and Ki11worth, 1973). 
 
Four members of the T. Washington estimated whom they felt their direct links  
communicate with directly. We "scored" these attempts by assuming that our  catij output 
was correct, and counting how many of the informants' guesses  about an individual were 
accurate, and a fraction of how many the catij predicted lay on the individual's first row. 
In other words, if the informant  guessed six people lay on an individual's first row, and 
the catij predicted  nine, with an overlap of three, then the in formant was 33% correct. 
The  percentages, on average, were 54%, 65%, 56%, and 50%. (The latter, a crew  



member, had direct links with some scientists. He fared badly on guessing who  their 
links were, with the curious exception of one of the investigators.)  
 
These results turned out to have an obvious significance: the better an  informant knows a 
direct link (i.e. the higher he ranked him), the better he  knows who that link's links are. 
The correlations between ranking of a direct link and percentage of correct guesses about 
that link's links were -0.82, -0.68, -0.82, and -0.13 respectively, with a combined 
correlation of -0.53 (p= 0.1). Considering the large measurement error prevailing in the 
individual rankings, such a high corre1ation can only be taken as strongly supporting the 
statement that one must know a direct link well to know his links with any accuracy. 
 
Apparently, it is unnecessary for people to know any more than a few of their secondary 
links for such groups to function well. Clearly, as the size of the group gets very large, 
the percentage of tertiary links which might be predicted by any subject would be 
vanishingly small. On the other hand, our data show that knowledge of one's first links, 
and any substan tial percentage of their first links would be enough information for 
individuals to be able to function in complex societies with great accuracy. These 
numerical predictions, of course, have been field tested by Stanley Milgram and others, in 
numerous Small-World experiments. 
 
 
VII RECOMMENDATIONS 
 
The examination of the data we have performed has been deliberately selective, as we 
announced at the outset. However, we believe, in spite of the vast measurement error 
implicit in any discussion of sociometric data, that some trends can be observed in our 
data. These trends include the importance of links which are both affective and effective; 
the pressures which act towards balance, clustering, transitivity, etc.; and the under 
standing of ego-centered networks by the individual. 
 
Three recommendations are offered. First, our work and that of others contains the 
implication that the various pressures do not always produce balance (a point in 
agreement with models). Work should be carried out to discover what the forces acting 
on an individual are which cause these pressures to fail. Secondly, formalization of the 
properties of social networks beyond the secondary gemeinschaft level (≥140 ≤2500, cf. 
Bernard and Ki11worth, 1975) remains to be done. At this writing it appears that the 
properties of massive networks will not be different from those of miniature networks. 
Rather, it seems that the critical difference is in the ability of persons to comprehend the 
nature of the network in which they are embedded, rather than in properties inherent to 
the networks them selves. Hence we recommend the comparative investigation of 
networks of all sizes.  
 
Thirdly, there remains very little data on dynamic sociograms; our own data bank 
contains only a few good time series. We recommend that as much affective and effective 
data be collected, as many times as possible, from as many groups as possible. 



 
TABLE 1 
Members of the crew and scientific party aboard the R/V T. Washington 
1. Captain 24. Marine Tech (Female) 
2. Chief Mate  25. Hydro Tech 
3. Second Mate 26. Electronics Tech 
4. Third Mate 27. Electronics Tech 
5. Bos'n 28. Computer Tech 
6. AB 29. Computer Tech 
7. AB 30. Electronics Tech 
8. Chief Engineer 31. Chief Marine Tech 
9. First Engineer 32. Programmer (Female) 
10. Second Engineer 33. Chief Scientist 
11. Third Engineer 34. Co-scientist 
12. Oiler 35. Bernard 
13. Oiler 36. Killworth 
14. Oiler 37. Grad Student 
15. Oiler 38. Grad Student 
16. Oiler 39. Grad Student 
17. Electrician 40. Grad Student 
18. Ship's Electronic Tech 41. Grad Student 
19. Radioman 42. Scientist 
20. Cook 43. Japanese Scientist 
21. Mess Cook 44. AB 
22. AB 45. Cook 
23. Marine Tech  

 
 



 
TABLE 2 
Correlations between inputs and various functions of the data 
 
 Effective Inputs Affective Inputs Joint Inputs 
Effect Appearances 0.18 0.12 0.16 
Affect Appearances 0.14 0.14 0.15 
Effect Creations 0.08 0.06 0.12 
Affect Creations 0.07 0.11 0.09 
Effect Survivors 0.16 0.10 0.11 
Affect Survivors 0.12 0.08 0.11 
    

 



Notes 
 
l. One problem, of course, is to define such terms as "social interaction" and "social 
structure." In any sense of the terms, dynamic quantities (i.e. involving change over time) 
are implicitly assumed. Yet all observational techniques (e.g. the sociogram) are 
essentially snapshots of some aspect of the social structure, and bedevilled with blur and 
error. The problem of measurement error has been discussed elsewhere (Holland and 
Leinhardt, 1973; Hallinan, 1972; Killworth, 1974) and has yet to be satisfactorily 
resolved. 
 
2. It is probably no accident that preferential or affective sociometry has been the 
province of sociology, while network studies, based on effective data has been a more 
anthropological development until quite recently. Fieldwork, participant observation and 
a generally naturalist scientific tradition probably makes anthropologists more 
comfortable with, and in a position to collect and verify effective data by direct 
observation. 
 
3. The precise significance of an affect catij is not yet fully under stood; but see the next 
paragraph. 
 
4. Two crew members refused to participate in the study on the grounds that we could not 
provide adequate safeguards against misuse of data. All others participated throughout 
the cruise. 

5. When it became known that a special stop was to be made, a message was radioed to 
Scripps to fly out the crew in order to make up for a shorthanded situation created by 
illness and resignation. 
 
6. We have had cause, on many occasions since, to rue our cowardice; negative affect 
clearly has a great effect on social structure. 
 
7. We have noticed cognitive discrepancies of such magnitude in prisons where treatment 
oriented counselors claim very close communication with the members of their caseload 
and where these feelings are not shared. As the size of the caseload increases, the 
complaints from counselors about “lessening contact with the caseload” also rises. 
However, the catij results always show massive discrepancies between the view from the 
top and the view from the bottom of such social hierarchies about communications. These 
results have been repeated in studies of two public bureaucracies where top management 
consistently overstates its communication strength with mid-level management, and so on 
down the line. We refer to this phenomenon as the "slumming effect" in communications. 
 
8. Contrary to expectation, the figure is the same order if attention is limited to the crew. 
 
9. Despite a great deal of literature on balance and transitivity, it still boils down to the 
rather terse summary given here. This is not to deny the strong intuitive appeal of these 
theories. 



l0. There are significant differences between the correlations in Table 2, but we felt that 
we were stretching the bivariate normal assumption too far to warrant drawing any 
conclusions. 
 
ll. Interested readers are reminded that the data are available on magnetic tape for general 
use (cf. Bernard, Killworth, and Kuznicki, 1975). 
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Fig. la-e. Global networks of relations aboard the R/V Thomas Washington. Some 
persons are marked for keying. Numbers run consecutively. This graphic is done by 
placing all persons in a circle and connecting all catij-1 links without reference to 
directiona1ity. 1a=effective communication, time 1; 1b=effective communication, time 2; 
1c=affective network, time 2; 1d=effective communication, time 3; 1e=affective network, 
time 3.  
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