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Two essentially different problems are studied in this paper. The first, 
as the title suggests, is a description of the social structure and conflict 
aboard an oceanographic research vessel. This structure is described both by 
ethnographic data and by a new numerical method, which is explained and 
discussed in detail. The second problem, more in the nature of a preliminary 
report, is the more abstract one of general human groups. The properties of 
random and slightly nonrandom groups are discussed, using the above 
methods, with reference to the interaction of psychological and mathe- 
matical limitations on the ability of a person to comprehend fully a large, 
structured group. 

I. THE NATURE OF CONFLICT ON OCEANOGRAPHIC 
RESEARCH VESSELS 

This paper is divided into three parts. Part I outlines the social structure 
of a research vessel at sea and the variables which appear to determine the 
structure. It is an ethnographic account based on participant observation by 
an anthropologist. The study and conclusions reported here result from a 
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continued interest, many discussions, and for providing the multidimensional scaling 
program; to Dr. James McEvoy for criticisms of an earlier draft; to Dr. Henry Menard for 
Inviting us aboard ship in the fast place and for constructive skepticism; and to Captain 
Noel Forris, Chief Engineer Bob Fish, and all the crew and scientists of the R/V 
MELVILLE during the Hypogene expedition, March 1972. 
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scant 2 wk at sea during March 1972, and subsequent interviewing of 
scientific, technical, and marine personnel over a period of several months at 
Scripps Institution of Oceanography. Thus, Part I of this paper can only be 
offered as preliminary, with comparative study of research vessels anticipated 
over the next few years. One of the purposes of such an early presentation, 
however, is our desire to get criticism and suggestions from oceanographers 
and mariners on the conduct of future research in this area. Part II of this 
report describes the structure of the vessel we studied using numerical data. 
Part III presents in detail the method by which the data were handled, and a 
mathematical theory of random groups. The method is applicable more 
generally to the study of networks in closed social systems, such as exists on 
vessels at sea. The study began with our curiosity about the conflict between 
scientists and crew members aboard research vessels (R/Vs). The conflict is 
well known in the marine science community, and is occasionally documented 
for the scientific community at large. A news item in Science (March 24, 
1972) for example, described a brawl between scientists and crew of the U.S. 
Navy R/V SILAS BENT at the Officers Club on Midway Island. During the 
course of field research marine technicians, graduate students, senior scientists, 
ship’s officers, and crew members were interviewed on the sources and nature 
of this conflict. 

In general, scientists tended to downgrade the problem, many claiming 
that it was not really a problem at all. It was explained that we were not 
studying the phenomenon of conflict as a social disease that needed to be 
cured, but rather as a situation of basic social science interest. Some members 
of the scientific group, including assistants, graduate students, and one senior 
scientist, insisted that the study of this phenomenon was “a waste of time,” 
“trivial and uninteresting,” and “typical of social science and its interest in 
nonsubjects.” Most marine scientists, however, found the project interesting 
and were eager to help by submitting to formal interviews. Many spontane- 
ously offered anecdotal accounts of famous (nearly legendary) conflicts on 
this or that voyage. Some even offered analytic discussions of conflict and 
named specific scientists and captains who were famous for their clashes with 
each other. Throughout the entire study the paramount importance of the 
personalities of the chief scientist and the captain was streSsed by both 
oceanographers and seamen. 

Crew members tended to be eloquently descriptive of the endemic 
quality of tension between them and the “scientificos.” In general the crew 
were able to verbalize far more poignantly than the scientists the causes of 
breakdown in relations between scientists and marine personnel. The crew 
lives with the tension constantly, while marine scientists are faced with it for 
only a few months a year, at most. R/Vs are usually manned by permanent, 
rotating crews. At Scripps, for example, a core of about 125 men run the 
fleet of 8 vessels. The small coastal craft may have a crew of 6, while the 
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larger ships carry from 25 to 27 crew members. The major vessels run 
constantly, cruising the entire Pacific. (Ships from Woods Hole Oceanographic 
Institution, by contrast, are concentrated in the Atlantic.) Crew members 
remain at sea for up to 7 mo at a stretch. A scientific party flies into a port, 
conducts its research while cruising toward another port, and leaves the vessel 
as another party comes aboard. As a life-time social problem, then, conflict 
between scientists and mariners exists for the latter rather than the former. 
Common mythology holds that it can be reduced by “mutual understanding.” 
This is partly true (after all, what could be wrong with mutual understand- 
ing?). “Understanding,” however, is a very difficult goal to achieve, con- 
sidering the gulf in the worldview separating seamen and most oceanographers. 

Crew members, for example, find the apparent (though not real) chaos 
in the scientific operations (or “0~s”) room appalling. The ops room contains 
a variety of sophisticated instruments (depending on the type of cruise) for 
round-the-clock monitoring of data. On the cruise studied, two plotters drew 
continuous diagrams of the ocean floor; a computer-driven typewriter and 
map-making machine processed data from orbiting satellites and drew our 
precise line of cruise. Below, in a wet lab used for ocean chemistry, a 
gravimeter printed 24-hr read-outs on fluctuations in the Earth’s gravity as we 
ran. These instruments must be monitored continuously; data must be logged; 
drums and paper rolls need to be changed. To an outsider, the functioning of 
the ops room appears to lack order and rigor. In fact, all it lacks is the veneer 
of routinization that most academics find anathema. Very careful attention is 
paid to quality control in data collection, but routine, as a means of achieving 
such control, is disdained. Standers of the scientific “midwatch” (0400-0800) 
are often not awakened by previous watches; breakfast is served from 
071 S-0800 and the 0800-1200 watch may stagger in at 0800 or 0805. The 
midwatch is left without breakfast. People on one watch change scales on the 
plotters and neglect to leave notes to that effect. Few watch standers (even 
experienced students) know or use the rudiments of nautical jargon on the 
squawk box between ops and the bridge. The 0400-0800 watch (which 
rotated every day) was responsible for general clean-up of the ops area, but 
the clean-up was often neglected. Some watch standers forgot to run down to 
the lab to check the gravimeter. This resulted in the paper log running out 
and the drum being smeared with red and green ink. These and other 
examples of failure to heed basic nautical courtesy give the crew the feeling 
that the scientists do not really care about or appreciate routine and 
order-absolute essentials as sea. In addition, while less highly educated people 
have no lien on cultural conservatism (university professors are famous for it), 
a break in the routine of life for mariners (whose life is geared to the vessel) 
would tend to be more unnerving than for scientists. As Eiduson (1962) has 
shown, scientists are especially creative and innovative, with high tolerances 
for ambiguity in their life. They go to sea to satisfy a very real intellectual 
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curiosity, as well as for less “noble” motives (e.g., satisfying career objectives). 
All admit to enjoying the time at sea as a welcome break from land routine. 
But all marine scientists we talked to insist that the sole purpose of an R/V is 
to collect data. At $5000 a day it is a very expensive tool. Crew members, on 
the other hand, see the vessel as a home, as part of a way of life, and as a 
source of employment. Many expressed ambivalence about the extent to 
which they should be grateful to scientists for providing the funds that run 
their source of employment. Others, as one oceanographer cautioned us 
“come to resent the scientific work” as an intrusion into their routine, their 
way of life. It is important to note that from the point of view of sociology 
the sole purpose of a research vessel is not the acquisition of data-even for 
scientists. It may be the primary purpose (although that might be debated); 
but it is surely not the sole purpose. Vessels are vehicles for the acquisition of 
“stripes” such as expedition patches, certificates of having been properly 
initiated by dunking at the equator, and the right to talk of having “collected 
data while standing on my head in the middle of hurricane Donna.” 
Anthropologists and other field scientists share this aspect of the social system 
of science. Until 1968 one of the authors (Bernard) was forced to sit 
ashamedly virginal on the periphery of anthropological conversations whenever 
the talk turned to tropical diseases and other such occupational hazards. After 
being lucky enough to contract a disease that necessitated evacuation from a 
desert field site and 3 mo in bed, he was able to join the ranks of his peers. 
We have noticed similarly primitive behavior among geologists as well as 
oceanographers. And of course, etiquette requires that all such hardship and 
derring-do be treated as lightly as the need for routine on a research vessel. 
The result of this ethic is that the crew misjudges cavalierness for lack of 
common sense and concern with rigor, while the scientists mistake lack of 
subtlety for lack of sensitivity by the crew. This is no more clearly evident 
than in the humor exhibited by both groups. Scientists and crew members 
alike spend a lot of time reminiscing. But the content of those sessions is 
subtle and romantic among scientists, while it is often crude, violent, and 
highly vivid among crew. Jokes are often played on one another among the 
crew, while practical jokes are an anathema among scientists. Subtle signs and 
written materials (a sign on a scanner reading “help free supressed ions in sea 
water”) are indicative of scientists’ humor, while these are never used among 
crew members. These indications of a gap in Weltanschauung are well known 
and documented elsewhere. It is important, however, that the gap is not 
bridgeable by idealistic attempts at “understanding.” 

There are several difficulties in assessing the nature of conflict aboard a 
research vessel. The relations aboard ship have apparently undergone change 
over the past two decades as a result of new technology and the changing 
styles of the scientific personnel. On the one hand, the larger size of ships and 
the increased dependency upon instrument technicians has lessened the innate 
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tension. Larger ships afford greater individual privacy, and technicians, as a 
class of “blue-collar scientists” (see Part II) act as an effective buffer between 
the two major social blocs. On the other hand, increased technology and the 
entry into oceanography of middle-class, specialist oriented youths, may be 
increasing the sense of antagonism between crew and scientists. Satellite 
navigation, autopilot systems, and stabilizing cycloidal engines appear to lessen 
the dependency of scientists on mariners and are often seen by crewmen as a 
threat to their seamanship. This may be seen as part of a larger phenomenon 
in our society; but at sea, under closed temporal and spatial conditions these 
factors are more immediate and more thorn-like than they might otherwise be. 

The change of personnel within oceanography itself was noted among 
elder marine scientists and crew members alike. Prior to World War II 
“Oceanography was mostly a rich man’s pastime,” as one dean of British 
oceanography phrased it. A marine geologist in his 50s said: 

Years ago people (in marine science) were more at home on the sea. . . . 
They really were generalists and they knew how to handle themselves 
nautically as well as scientifically. Now our students are highly focused on a 
single problem from early-on in their careers. 

Thus, oceanography has experienced a phenomenon of growth similar to other 
recent sciences. It has become more technical and more specialized and 
(perhaps consequently) has become an acceptable vehicle for upward social 
mobility among middle-class college youth. These young men tend not to have 
military experience, while the first generation of oceanographers after World 
War II was very much a product of U.S. Navy influence. Today, the Navy 
supports oceanography financially, but it is not a source of sea-savvy 
personnel for the discipline to the extent that it once was. 

In addition to these historical factors, a number of more immediate 
variables influence the quality of relations at sea between crew and scientists. 
These include such specifics as (1) compatability of the chief scientist and the 
Captain, (2) the quality of the chow, (3) the presence or absence of women 
on board, (4) the weather conditions, (5) length of time at sea, (6) type of 
vessel (military, private, or union), (7) “data hunger” of chief scientist, (8) 
possible cultural differences among ocean research institutes, (9) the number 
and type of technicians, (10) compatability of the experiments being con- 
ducted, and other nonquantifiable factors. In spite of the complexity of the 
problem, however, a number of general conclusions might be drawn with 
respect to the conflict we have defined and its possible resolution. 

We began our study with the assumption that communications between 
scientists and crew members must be carefully built up rather than prevented 
from breaking down. This develops from the fact that conflict and communi- 
cations barriers are built in to the social fabric of a research vessel. This 
conflict has its roots in two social facts: (1) it is impossible to accomodate 
two Masters on a single ship at sea; (2) it is a fundamental part of American 
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culture that intellectuals and blue-collar workers shall remain physically and 
emotionally separated from one another. We have recently been made aware 
of a situation in the People’s Republic of China, where medical doctors work 
part-time as orderlies, and university professors are obliged to perform 
agricultural labor as a means of making them identify personally with the 
proletariat. Since this is perhaps the only social experiment of its kind among 
modern, technologically advanced societies, it is tempting to hypothesize that 
the self-separation of intellectuals from workers (and vice versa) is funda- 
mental to modern civilization. In any event, the conflict between mariners and 
scientists is engendered by the threat of negating these two social facts. In the 
first instance, the authority of the chief scientist and the Master are always in 
danger of clashing, though theoretically the Captain is always in charge of the 
vessel, while the chief scientist is responsible only for the scientific operations 
at sea. The division of labor and responsibilities is, in theory, well defined. At 
sea there are numerous occasions where the theory is not adequate to 
prescribe behavior. Rules prohibiting the consumption of alcohol on-board a 
research vessel may be upheld by the Captain, but defied by the chief scientist 
or vice versa. On one cruise we were told the chief scientist held a closed 
party (with liquor) in his state room for members of the scientific party- 
against the orders of the captain. On navigational matters a geologist may 
want to follow a bottom contour too close to an island and the Captain may 
order the vessel to come about. Or a physical oceanographer may want to stay 
on station in weather the captain considers too dangerous to work in. Even 
small details can cause friction if responsibility is not absolutely clear. On the 
voyage studied the chief scientist and Captain had several occasions where 
seemingly trivial matters threatened the peace. Only the good companionship 
and willingness of the two to compromise prevented the harboring of 
hostility. At the end of one leg of the cruise, disembarkment occurred at a 
small foreign port where no docking facilities were available. Small craft were 
sent out to meet the landing party and bring them ashore. The Captain 
wanted to put the luggage in one outboard and personnel in another, while 
the chief scientist insisted that all personnal stay with their own belongings. It 
was not totally clear whose decision this was and it was apparent that both 
parties felt the strain of ambiguity. These incidents (recounted b’y officers of 
the ship and later corroborated by scientists ashore) would tend to place the 
chief scientist and the Captain at odds with one another generally and, as one 
seaman put it “bad blood at the top has a way of making everyone hate each 
other all the way down the line.” 

The second social fact is more general. There is simply nowhere for 
mariners and scientists to hide from one another at sea. In land-based society 
we have developed a complex set of institutions for keeping these groups 
apart. The janitor in our building at Scripps, for example, never cleans our 
offices when we are there. In the morning when we arrive, the emptied waste 
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baskets and freshly washed chalkboards stand as mute testimony to his 
existence. And should we be working so late that contact is unavoidable, the 
things we might say to one another are predictable and quite finite. It is 
obvious that no conscious (or even subconscious) plot is involved in asking 
janitors to work at night. It is, quite simply, the best time to clean offices 
used during the day. Nevertheless, it appears that scientists and janitors alike 
come to rely on this institution to help maintain their separation. 

On land there is plenty of time and space to make these behavioral 
adaptations work. At sea the spatial and temporal conditions are altered so 
drastically that new accommodations have to be made. The question, then 
(assuming antithetical social groups) is, how do intellectuals and blue-collar 
workers resolve their conflict when they are locked on a box and floated out 
to sea? 

We hypothesized two possibilities. (1) The conflict could be eliminated. 
This was a commonly held ideal goal among the scientists. It could be 
achieved, according to popular mythology, by creating an environment of 
“understanding,” “friendship,” “respect ,” and “equality” between scientists 
and crew members. (2) The two groups could preserve their “subcultural 
privacy,” by specially adaptive forms of behavior. In fact, behavioral aspects 
of both alternatives were found. 

The first alternative was the ritually defined ideal. The second was the 
only one feasible. Scientists staked out certain areas of the deck as sunbathing 
sanctuaries for off-time relaxation. These were never violated by the crew. 
Cabin space was allocated to mix scientists with officers in the same area of 
the vessel, and the crew with marine techs and graduate students. In any one 
cabin, however, no crew-scientist combinations were assigned and mental 
boundaries formed by closed doors were as effective as the physical space 
between the aft-hold and the fo’csle. Of course, different work and watch 
schedules mitigate against the mixing of crew and scientific personnel. While 
some scientists expressed an intellectual curiosity and interest in sharing cabin 
space with crew members, the crew was uniformly against it. “Sailors belong 
on ships and ships belong at sea,” one deck hand remarked. “This is my house 
and the people I bunk with are my buddies. It’s hard enough without having 
to put up with strangers who talk in twenty dollar words in your’cabin.” 

Other examples of efforts by both sides to sabotage attempts at 
“bringing them closer together” were abundant. Consider these five. 

1. The traditional separate mess (maintained on Woods Hole vessels) is 
not evident on SIO ships, save for one table reserved for the Captain, the 
Mate, the Chief, and the First Engineer. The messes were 45 min in length 
beginning at 0700, 1100, and 1700. Within 1 day at sea, crew members 
established the pattern of the mess attendance by going on line early. As it 
turns out, the cook on this particular voyage was excellent with an almost 
legendary reputation among the crew. It was also normal practice for men on 



152 BERNARDANDKILLWORTH 

the bridge and engine watches to line up early, eat quickly and relieve their 
watch mates. As a nautical courtesy, watch standers go to the head of the 
chow line so as not to waste their few minutes of chow time on queues. Thus 
established, the scientists began showing up about lo-15 min after the hour, 
by which time the chow line had shortened. On the average, scientists spent 
5-6 min more over chow than crew, and although there was naturally some 
overlap in the presence of both groups at mess, the queuing arrangement 
minimized it. Further minimizing of contact resulted from seating arrange- 
ments within the hall. One 12-place table in the center of the mess area was 
heavily favored by the crew, while the cozier 4-place tables around the 
periphery were favored by scientists. It is worth noting that these observations 
are apparently more general than for a single voyage. On Scripps vessels the 
watch pattern for crew begins at a quarter after the hour, while scientists 
generally begin on the hour. This pattern, built essentially on the needs of the 
crew and the vessel, aids in the staggering of messes. The crew watches eat 
promptly on the hour while scientific watches come off at 15 past and then 
go on chow line. 

2. For the first time in recent SIO history, a beer vending machine was 
installed in the vessel. Beer was sold on SIO ships during the 1950s but for 
the last decade beer was smuggled aboard a few cans at a time in port, and 
cooled rapidly in the “reefer” when needed. The beer machine was placed in 
the crew’s lounge. No “scientist lounge” was formally established, but the 
ship’s library served this function. The Third Mate administered the beer 
machine, and made change (quarters) for those who needed it. On rare 
occasions a graduate student would buy a beer and linger for a few moments 
of conversation with crew members in the lounge. The technicians (airgun, 
heat flow, dredge) were the only members of the scientific party who spent 
time in the crew’s lounge. They played cards and exchanged jokes and sea 
stories with the crew, and watched television when reception was possible. 
Most graduate students and several scientists bought their beer from the 
machine and walked away-either to the library or to the mess hall where 
snacks were available at night. Technicians were never seen in the library at 
night. Graduate students and scientists gathered to read, play scrabble and 
talk. The television in the library was turned on once for 20 min: 

The activities in the crew’s lounge and the library are indicative of the 
rather special role played by technicians on the vessel. They are classified as 
part of the scientific party but in fact they form a cultural bridge between 
scientists and crew. A more detailed analysis of this is given in Part II. 

3. A third example of an attempt to make SIO vessels egalitarian was 
the nonexistence of mess or cabin stewards. It has been pointed out to us that 
removal of stewards was instituted long ago for reasons other than making the 
vessels egalitarian. Savings of salaries and valuable bunk space are excellent 
reasons not to have stewards on an oceanographic ship. However, it was clear 
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in the Captain’s address to the ship on the first day at sea that, as far as the 
crew was concerned, no stewards was an approved move toward egalitarianism. 
All hands were required to serve themselves, cafeteria style, from the galley, 
and bus their own dishes. All hands were also required to change their own 
linen and swab their cabins and heads. Several officers pointed to this custom 
on SIO ships proudly, comparing their situation with Woods Hole ships where 
stewards are still used. However, there was no evidence that lack of stewards 
brought the scientists and crew on the SIO vessel together emotionally. On 
the contrary, there were several instances where cooks chastized scientists for 
not busing their dishes properly (they put their cups in with the silverware 
and plates). The Chief Mate was also vocally concerned about the cleanliness 
and hygiene of the ship when he learned that many scientists were not 
keeping their cabins ship-shape. A week out at sea the Captain announced that 
he was considering an inspection if he did not get evidence that the scientists 
were taking better care of their quarters. 

4. Scientists were required to participate in fire and boat drills. This 
required responding to a specified number of bells by going to the cabin, 
donning a life-jacket, and appearing at stations on the ship. The stations were 
posted on each bunk and the bells were announced the first day out when the 
captain addressed the scientific party. Most scientists responded to the fire 
and boat drills in a nonchalant fashion-neglecting to fully fasten the 
life-jacket, showing up at the wrong station, straggling onto station late, etc. 
Grumbling about “mickey mouse procedures,” and “having to play toy 
soldier” was heard among scientists, while crew members responded more 
colorfully to the cavalier attitude of the scientists toward nautical procedure. 

These characters come out here to get the wrinkles out of their bellies. 
They don’t know the first fuckmg thing about life at sea and most of them 
don’t care to learn because they’ve got their minds on one track. They 
ought to make everyone of these doctors take a course in horse sense so 
they don’t kill themselves. They come out here and just expect us to do a 
perfect job of pushing this tub around for them-but they don’t even know 
how to put a life jacket on, for Christ’s sake. What the hell kind of 
cooperation is that. 

It is not clear to what extent the crew really needs the avid cooperation of 
the scientists on fire and boat drill. The nonchalant behavior of the scientists 
may only be a convenient vehicle for the crew’s expression of dislike for 
scientists’ life-styles in general. What we consider important here is not the 
merits of the individual cases, but the behavioral responses of the two 
subcultures. Those responses are indicative of a basic gap in worldview and 
life-style. We conclude from the behavior that ship procedure, while not 
designed for promoting egalitarianism, was defined as such to provide the 
proper arena for eufunctional conflict. Consider the case of the scientific 
procedure called “briefings” which was on several occasions defined as a 
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means of keeping the crew and scientists mutually informed about the vessel’s 
scientific activities. 

5. Daily briefings were initiated at 0900 to keep everyone informed of 
what was going on. The first briefing, held at sea on day 1 in the afternoon, 
was attended by the Captain, the Chief Mate, and three deck crew. The Mate 
inquired whether it was alright for the crew to attend the briefings “if we 
don’t overcrowd you?” The Chief Scientist responded by noting how good it 
would be if everyone knew what was being done. Within minutes the deck 
crew left. The Captain and Mate attended one of the other 15 briefings on the 
voyage. Several scientists (mostly graduate students) attempted a behavioral 
change to affect communications with the crew. Specifically, they began 
peppering their speech with colorful swear words, in imitation of the mariners. 
Eight crew members interviewed on the subject uniformly said they did not 
feel that this was the way those graduate students talked naturally. Neverthe- 
less, they felt that it was good that these men could “cut loose,” “be less 
reserved,” and “at least try to communicate.” One deckhand mused “I was 
going to say it’s good to see them let their hair down once in a while. But 
since they have such frigging long hair anyway it’d be hard to do.” 

The composition of the ship is officially divided into scientists and crew, 
However, neither of these groups is monolithic or homogenous. The crew 
constitutes the complement of the vessel and are all professional mariners. 
Most of the officers hold tickets which specifically designate their qualifica- 
tions as pertaining to (or restricted to) research vessels. Thus, their marine 
career is, by choice, directed toward vessels that carry scientists to sea. Several 
general characteristics stand out-60% of the crew (officers and men) are 
retired out of the Navy or Coast Guard. 2 Thus, on this particular ship, the 
manner of operations probably reflected a military background. In addition 
this also meant that 60% of the men were recipients of pensions, PX, and 
other privileges in addition to their salaries. They were uniformly against the 
national maritime union: 

You can’t run a research vessel by the hour. When a scientist needs to take 
a core at 3 AM that’s it. You can’t stand around negotiating overtime pay 
while the chance to get his data goes by. They pay $5000 a day for this 
piss-pot and they’re entitled to use it. 

It was evident that the officers and men of this vessel were proud of their 
identification with the Institution, took general pride in their particular kind 
of maritime career, and were specifically proud of the vessel they were on. 
Officers were anxious to explain the special cycloidal engines, A-frames, 

2The heavy concentration of exservice personnel results from the location of SIO 
in San Diego. At Woods Hole, the vessels are manned by seamen from the Cape Cod 
tradition, while the Lamont Laboratory uses a leased commercial ship whose crew is 
union. We do not know how to assess these differences at this time. 
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underwater windows, and other details found only on oceanographic vessels. 
Some of the officers wore jacket patches from prior expeditions (ARIES, 
NOVA, etc.). To a man, those interviewed (five officers and six crew) said 
they preferred the security of tenure and other benefits inherent in their 
positions with SIO to the higher pay of the merchant marine. And they were 
eager to relate compliments received from scientists who had come from other 
vessels and other institutions. Specifically, the crew reported differences of 
operating techniques with vessels operated by Woods Hole. We were not able 
to determine how these comparisons were arrived at, or how information was 
received concerning the ships, crews, and scientists of other marine science 
centers. Nor could we determine whether any of the comparisons were true or 
invidious. We suspect that we would find similar comparisons on vessels from 
Lamont and Woods Hole. The important point is that there was a clear pride 
of vessel, pride of institution, and pride of specialization in being part of 
ocean research. (The comparison with Woods Hole may be a marine facility 
counterpart to the rivalry between the scientific components of WHO1 and 
SIO that is legion in the discipline.) On the other hand, the seamen were not, 
by any means, enamored of scientists. They were strongly in favor of a union 
of their own that could represent them on the particular issues faced by 
mariners who work with scientists. 

It wouldn’t be so bad if those scientijicos wouldn’t treat us like goddam bus 
drivers. They don’t know shit about running a ship but they like to play 
seaman once in a while for laughs. They go to sea for two weeks, get off in 
Tahiti, spend a week having a ball, go home for four months and then 
maybe take 2 more weeks at sea. And when they get back on the ship 
they’re all fired up, fresh from the beach, and bombing out to get data. 
Meanwhile, we’re still on this piss-pot and we don’t have any grants to 
screw around with in Rio and Tahiti. We get a ticket home at rotation time 
and the goddam thing is dated the same day we get off the fucking boat. 

Several misconceptions, of course, are evident in this quote. However, it is 
important that seamen express these feelings and that they are real, not 
whether or not they are completely grounded. In fact, some scientists have 
been known to abuse their privileged status with regard to the crew and some 
have acted insensitively to the crew’s need for port time. Two expressions are 
often heard at sea: “a ship never goes as fast as when it’s headed for port”; 
and “if anything can go wrong, it will.” A life at sea is lived, traditionally, 
between port stops and the pleasures derived therefrom. But no matter how 
carefully ship’s schedules are planned, something is always going wrong to 
upset them. One of the results of these capricious circumstances (such as 
arriving in port and being sequestered for 2 wk because a revolution gets 
underway the night the ship arrives) is that crewmen are deprived of that 
most precious commodity, beach time. A chief scientist who forces the ship 
to sea before making that time up to the men of the vessel, is said to suffer 



156 BERNARD AND KILLWORTH 

from “egregrious data hunger,” as one graduate student put it. The descriptions 
of such scientists by seamen were similarly eloquent, though rather differently 
phrased. 

In general, our brief study revealed that scientists appear more tolerant 
of the crew than vice versa. This was probably so for three reasons: (1) 
intellectuals often feel, in a noblesse ob2ige fashion, that it is their duty to be 
tolerant of the working class; (2) scientists only have to be tolerant for short 
periods; and (3) scientists generally are more open-minded (though no less 
resistant to behavioral change) on social issues than less educated persons in 
our society. 

On the other hand, many crew members on this voyage were highly 
sensitive to the problems of scientists and interacted freely with them. 
Officers (including the Chief Engineer) interacted far more with scientists than 
did the deck or engine crew. The radio and electronics crew also had more 
opportunity than the deck crew to get to know the scientists. But one AB 
considered his lack of interaction an asset “I’ve been lucky this trip” he said 
after 4 days at sea. “I still don’t know who the head doctor is so I’ve 
probably called him a sonofabitch five times to his face.” 

The scientists constitute a group of people who have in common the 
fact that the ship is not their home. Among people listed as scientists in the 
ship’s manifest, four were senior marine scientists, eight were graduate 
students, two were computer techs, three were scientific assistants, including a 
draftswoman, five were marine technicians, including two trainees, and four 
were “marginal? including an anthropologist, a chemical engineer (invited by 
his brother who was one of the senior marine scientists), the chief scientist’s 
wife, and chief scientists’ secretary. In spite of the diversity among scientists 
and crew, however, it was clear from their behavior (and from the numerical 
data in Part II) that they formed identifiable blocs. A comparison of the two 
blocs, indicating their internal hierarchic status ordering is shown in Fig. 1. 

Given the nature of land-based social customs and the presence of two 
independent blocs, each with its own leader, the possibility of conflict 
between crew and scientists is a constant. The resolution of the tension is in 
general a function of balancing idealistic attempts to make the conflict 
nonexistent, and unrealistic attempts to win the conflict usihg adversary 

Scientists Crew 

Chief scientist Captain 
Other marine scientists Chief engineers 
Graduate students Other officers under engineers 
Computer technicians Bos’n 
Scientific assistants Deck crew 
Marginals/marine technicians Engine crew 

Fig. 1. Hierarchy of the ship: crew members and scientific personnel. 
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techniques. Announcements by the chief scientists that crew members will not 
fraternize with women on-board, or an announcement by the Captain that 
scientists will not appear at mess without shirts, are attempts at solving the 
problem through adversary techniques. It is very likely that both the adversary 
and the idealistic techniques are necessary to keep the conflict from reaching 
open hostility. As Coser (1956) has shown, the conflict, properly balanced, is 
probably functional in terms of both economic efficiency (data production), 
and social efficiency (reinforcing subcultural privacy). 

A balance of tension, healthy as it may be, is nonetheless a balance. As 
the recent brawl among the men of the BENT shows, an imbalance can lead 
to highly unproductive results. Pending further research, two factors stand out as 
primary in reducing the “two-culture” tension at sea. (1) The sensitivity of 
the Chief Scientist and the Captain toward each other’s life-styles, motiva- 
tions, and competencies; and (2) the level of “data hunger” of the Chief 
Scientist. Where the Chief Scientist fails to consider that his data are only of 
secondary importance to the aspirations and life-styles of the crew, he is likely 
to be faced with hostility and general lack of avid cooperation. On the other 
hand, where the Captain and his crew fail to understand that the primary 
function of the ship (according to scientists) is the extraction of data and not 
the maintenance of the seamen’s way of life, they are likely to be faced with 
an insensitive reaction from scientists. 

II. NUMERICAL SHIP DATA 

1. Distance 

The results to be presented in this section are the numerical counter- 
parts to the enthnographic data in Part I, and should be read in conjunction 
with that data.3 The numerical methods used, a discussion of their validity, 
and detailed definitions of the terms used, will be found in Part III. Only 
brief definitions of terminology will be given here. Since any detailed 
structure on the ship will inevitably involve personalities, we shall confine 
ourselves here to broad descriptions of the structure only. 

We begin with the distance matrix dii, obtained from card-sorting data 
performed by 44 of the 53 members of the ship: 19 crew members out of 26, 
and 2.5 out of the 27 scientists, technicians, and others. The crew is numbered 
1 to 26, the scientists 27 to 53. dii was defined so that, if i ranked inth in 
“closeness of interaction,” dij = n. It may be seen from this that there is a 

3We have not attempted more than a cursory ethnographic view of the ship. 
However, the numerical method we present here for describing social networks requires 
that it be used in conjunction with ethnography. We insist that catij and the 
ethnographers are mutually dependent instruments of analysis. 
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very definite bloc structure on-board ship, or a division into two subgroups: 
crew and scientists (i.e., less than or equal to 26, and greater than 26, 
respectively). We may summarize this division by means of histograms of the 
mean distances (or rankings) involved in the following four cases: crew to 
crew, crew to scientists, scientists to crew, and scientists to scientists (Fig. 2, 
3). The disparateness of the distances involved between Fig. 2 and 3 reinforces 
the concept of the two subgroups. For future use we note that certain people 
are identified in Fig. 3: no. 1 is the Captain (“closest” to the scientists); 
numbers 47, 50, and 53 are technicians, no. 43 is a graduate student/ 
technician, no. 41 is the Chief Scientist. These latter people are all “close” to 
the crew. 

Careful study of Fig. 2 and 3 reveals that the crew is a more closely 
clustered group than the scientists. Not only is the mean distance between 
two crew members (15.6) smaller than the mean distance between two 

Crew - Crew I 

DISTANCE 

Fig. 2. Mean distances aboard ship: the number of people whose mean distances 
from the stated group lies in a given range is shown in histogram form. 

Sctentist - Crew 

ACTUAL DISTANCE r 

Crew - Saentist 

ACTUAL DISTANCE 

Fig. 3. Mean distances aboard ship: for legend see Fig. 2. 
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scientists (18.5) but also the mean scientist-to-crew distance (34.5) is smaller 
than the mean crew-to-scientist distance (36.6). This is not overly surprising. 
The crew aboard an oceanographic vessel remains to all intents and purposes 
constant, whereas the scientists, drawn from various parts of the world, may 
have been strangers prior to arrival on board. In fact, on average, each 
scientist knew only 35% of the scientific contingent before this cruise began. 

There is great conflict between is ranking of j and js ranking of i; typical 
differences are on the order of 20-30, reaching a maximum of 39. The precise 
degree of conflict is not accurately represented by such numbers, however, 
since rankings become inaccurate after about the first 21 (see Part III). 
However, the fact that it occurs so persistently is suggestive that high 
incongruency of ranking may be necessary for social groups to function well 
(see Part IV). 

The existence of two subgroups may also be seen by counting the 
number in common of the people ranked 1 to 8 by all pairs of individuals 
(The reasons for the choice of 8 will be seen later). Once again the matrix 
divides into, approximately, two nonzero sections (crew-crew, scientist- 
scientist) and two nearly zero sections (crew-scientist, scientist-crew). The 
probability of two crew members having at least one person in common in 
their first 8 is 0.96, and, given at least one in common, the mean number in 
common is 3.0. Two technicians, nos. 50 and 53 have at least one person in 
common with all the crew; the other two (43,47) have a probability of 0.83 
of sharing at least one person with any of the crew. The mean number in 
common (again, given at least one in common) between the crew and the 
technicians is for no. 50: 3.17, for no. 53: 2.62, for no. 47: 2.6, and for no. 
43: 1.47. Compare this with the probability of a crew member and a scientist 
(not a technician) having one person in common. 0.23. This number would 
have been much lower, if the captain and first mate (nos. 1, 2) had not ranked 
the senior scientists fairly high. 

The ambivalent position of the technicians may be seen from the 
scientist’s subgroups. The probability that two scientists have one person in 
common is 1.0 if technicians are omitted, and 0.93 if they are included. The 
mean number in common is 2.95 and 2.7, respectively. In the scant 10 days 
since arrival on board, the scientists, while nominally (i.e., from dii) not 
knowing each other well, structured themselves so that the number of their 
shared acquaintances is similar to that of the crew. However, some scientists 
are not known well by anyone, such as nos. 39 and 42, whose ranking was 
never smaller than 6. There is no such counterpart within the crew. 

2. Minimal Distance 

We turn now to the second of our matrices, the minimal distance matrix 
ruin ii. This has been arrived at by exploring various routes from i to j 
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through possible intermediaries, in an attempt to minimize the sum total of 
the distances involved. As explained in Part III, only very broad statements 
may be deduced from min+ although the cognitive network we shall deduce 
from it is a real network, and stable to perturbations. We shall here assume all 
these things to be true. 

Histograms similar to those for dij are shown for minq in Figs. 4 and 5. 
The minimal distances cluster much more closely about a mean value than did 
the actual distances; further, the largest mean minimal distance involved is less 
than 18, representing a significant reduction from 48 in the case of dij. In 
terms of minimal distance, the scientists are seen to be more closely clustered 
than the crew in spite of the fact that very few scientists knew each other 
before this voyage. The mean distances involved are 

crew to crew 7.34 
crew to scientist 10.52 
scientist to crew 9.72 
scientist to scientist 6.91. 

This suggests that the apparently disorganized, unstructured environment 
within which the scientists exist may be more efficient for the dissemination 
of information, interaction, etc., than the more rigorously organized hierarchy 
of command within which the crew operates. There is even some intuitive 

Scienfist - Scientisf 
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Fig. 4. Mean minimal distances aboard ship: the number of people whose mean 
minimal distance from the stated group lies in a given range is shown in histogram form. 
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Fig. 5. Mean minimal distances aboard ship: for legend see Fig. 4. 

evidence that scientists know or suspect this to be the case; while, as noted in 
Part I, the crew find such a “loose” structure appalling. 

As a direct extension of minii, we may construct the first intermediary 
matrix fip fij is defined to be zero if the minimal route from i to j is the 
direct one, and k if the first intermediary used in the minimal route was k. 
(In general, several routes of minimal length may exist, but this does not 
affect the broad conclusions.) From this we may deduce these important 
facts: 

1. The scientists perceive their interaction with the crew as occurring 
through the technicians; 

2. The crew perceive their interaction with the scientists as occurring 
through the captain. 

Both these statements may readily be seen by tracing out interaction 
routes with fii. For example: by what route does 37 interact’with lo? The 
matrix fij shows that 37 + 47 (a technician) + 4 (third mate) + 8 + 10. 

We can not overemphasize that, since the original data was indicative of 
cognitive operations only, the conclusions we draw are of perceptions rather 
than actual interaction. There is little doubt, for example, that if two persons 
ranked each other as very distant but desired strongly to punch one another 
in the nose that their perceived rankings of interaction would not stop them. 
Thus “interaction routes” have two properties: (a) they are among the 
cognitive placements of j within the social network as i sees it, and (b) we 
may only make deductions (1) and (2) because of the consistency with which 
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they hold. Though we would like to, we are not claiming that the routes 37, 
47, 4, 8, and 10 actually exists in anyone’s mind, nor that it is actually part 
of the social network in detail, merely that 47, or one of the other 
technicians, almost invariably appears in such chains, and precedes the crew. 
Further work may warrant making the stronger claims. 

Consider, however, that crew-scientist chains do not regularly go 
through technicians. This apparent one-way interaction function of the 
technicians is unexpected; from ethnographic data there seems to be no reason 
why the technicians should not appear as intermediaries for both directions of 
interaction. Conforming to the numerical data, we represent the role of the 
technicians by a modification of Fig. 1 in Part I. Figure 6 suggests (1) 
scientists visualize the technicians as “scientific crew,” but the crew does not 
visualize them as “blue-collar scientists”; (2) the crew is more strongly 
organized by the self-imposed structure of the chain of command (hence the 
frequent appearance of nos. 5 (bos’n), 11 (chief engineer), and 19 (chief 
electrician) in f$); and (3) each subgroup sees the other as a group, not as 
individuals. 

From the unidirectional nature of Fig. 6, we see that full interaction 
within the ship is only possible if one or both of the commanders of the two 
subgroups (Captain and senior scientists) adjust their relationship to allow the 
interaction pattern to close on itself. This is the numerical counterpart to the 
conflict resolution problem discussed in Part I. Here we see that this conflict 
has been resolved by the Captain, rather than the senior scientists; we shall see 
this again later. Our numerical data, then, suggest that conflict at sea is easier 
to resolve if it is between two individuals low in their respective social blocs. 
Such persons would have access to arbitration, or smoothing over of a dispute 
by higher authority. In fact, the conclusion is appealing because it makes 
intuitive sense and because our ethnographic data corroborate it. Personal 
conflict between any officer and senior scientist is more difficult to resolve, 
for obvious reasons. Finally, a disastrous situation (because it has virtually no 

Scientists Crew 

Senior Scientists 
I I 
I 

Junior Scientists \ 

Captain 

Officers 

Technicians '< Engineers 

ABS 

Oilers 

Fig. 6. Lines of communication between crew and scientists. 
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recourse) would result if the senior officer and the senior scientist were to 
develop unyielding conflict. The Captain can advise an irate seaman that the 
harmony of the ship (their common home) is jeopardized by his failure to 
exercise restraint in his antagonism toward a scientist. The Chief Scientist can 
remind a graduate student that the primary purpose of the voyage (for him) is 
the gathering of data and the furtherance of science and career. Appeals by 
these top personnel to their respective crews are powerful invocations of the 
primary values which motivate the two blocs. Discussions with senior scientists 
at SIO on how they have actually handled difficulties at sea, indicate that 
such appeals are common. Consider, however, the senior men on a vessel. Who 
will make such appeals to them? Who can invoke the mythology of the tribe 
when they, as the elders, are keepers of the myths? 

3. Categories 

The last of the matrices to be considered is the category matrix catij. 
Imagine that routes from i to each j, j = 1, 2, . . .53, were drawn out in the 
form of a tree (Fig. 7). The cati] is the number of the row on which i puts j. 
In particular, all those with whom i communicates directly have an entry of 1, 
those with whom one intermediary is used have an entry of 2, and so on. The 
social network, we claim, is represented by this matrix and not by the 
individual detailed structure implied by minii (see Part III for verification). 

The matrix catij shows yet again the persistent crew-scientist sub- 
structure. We may also show the lines of direct interaction (those i, j for 
whom catq = 1) graphically, as in Fig. 8. Here we have positioned each 
member of the ship around the perimeter of a circle, and connected all those 
who we predict visualize their communication to be direct. Certain individuals 
have been noted. The paucity of communication between crew and scientist is 
most marked. Those lines of interaction from crew to scientist or vice versa 
propagate from only a few individuals. Note also the existence of very 
complex substructuring apparent at various points (e.g., 20-26, 3041, etc.). 

There wiIl, of course, be some members of the ship whose existence is 
important for ensuring smooth day-today affairs aboard ship. It is important 
that we could determine who such people are without corroboration by 
observation, from an examination of the contents of the first two rows of an 

Row 2--m, ” p 4 r 

Fig. 7. Diagrammatic description of category matrix: catii = 0; cat& = catik = catil 
=l;lXti~=...=iXtj~=2. 
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Fig. 8. Lines of perceived direct interaction. Beginning with the Captain, 
reading anticlockwise, the identified persons are numbered 1, 2, 5, 11, 19, 30, 31, 
43, 47, 50, 53, respectively. 

and 
I41, 

individual’s catii entry (i.e., which people he perceives his interaction with 
directly, etc.). In Fig. 9 we plotted the percentage occurrence of each person 
in various levels in the hierarchy. From the number of row 1 occurrences we 
would select the bos’n (no. 5), chief engineer (1 I), one of the senior scientists 
(41), the technicians 43 and 47, and finally no. 39, as the most frequent 
occupiers of a first row, within their own subgroups. This last entry, no. 39, is 
genuine; 39 was a quiet, rather retiring graduate student who was relatively 
unknown. This forced many people to perceive interaction with him as direct, 
there being no more efficient method available. He was, however, hardly ever 
perceived as an intermediary. 

A similar pattern occurs if we examine the most frequent occupiers of 
rows 1 and 2 (dotted lines). These people are 5, 11, a group around 20-25, 
30, and 31 (senior scientists), 41, 43, 53, and 47 (most frequent of all). It 
would appear, then, that the pivotal personnel within the crew are subsidiary 
officers (intermediate members of their social hierarchy); within the more 
tenously organized scientists, the key figures are the senior scientists and the 
technicians (polar members of their social hierarchy). 

On average, an individual has within his first row (i.e., perceives direct 
interaction with) a mean of 7.27 people (mode 8, median 4, SD 1.6), and, in 
his second row, 13.15 people (median 14, mode 12 or 13, SD 3.8). Now 
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PERSON 

Fig. 9. Percentage occurrence of each person at various levels in the hierarchy. (-) 
= % occurrences in row 1, (- - -) = % occurrences in row 2, (. . . .) = 7% occurrences in rows 
1 and 2. 

seven direct communicants has significant psychological importance (see Part 
III), and is 8 SD above the mean expected for a random matrix. This 
immediately suggests a very high degree of structure in the matrix and in the 
group itself. Further, the 13.15 on an individual’s second row is 68% of all of 
his first row’s first row. This suggests that people understand most, if not all, 
of the direct interaction links of those with whom they perceive direct 
interaction. Such a high percentage is due to a 2 to 1 overlap among the first 
row’s first row (i.e., two of the first row, on average, have the same person in 
their first row). This overlap is again suggestive of strong structuring within 
the group. 

We consider finally the results of a cluster analysis applied to dij and 
catij (the mathematical significance of this is considered in Part III). The 
cluster analysis of dii effectively divided the ship into crew and scientists (Fig. 
10). However, that on catii, part of which is shown in Fig. 11, revealed two 
pieces of inforamtion: 

a. The technicians refused either to form a group or to fit into other 
groups (with the exception of 43, a graduate student doubling as 
resident technician), showing again the ambivalent nature of the 
technicians. 

b. The Captain (no. 1) was placed in group 2, with two of the senior 
scientists (30, 31), suggesting again that resolution of conflict tends 
to be initiated by the Captain rather than the senior scientists. 
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Fig. 10. Clusters obtained from cluster analysis in dii; linkages predicted from 
Otij. 

The results of a multidimensional scaling technique on dij gave no new 
information; these results are discussed in Part III. It is, of course, obvious 
that our conclusions are not generalizable to all oceanographic research vessels. 
However, we suspect that, given the social structural situation and the greater 
emphasis of the crew on the vessel itself as a significant part of life, captains 
would be more frequent conciliators than scientists. 

III. NUMERICAL METHOD 

1. The Method 

The method to be described consists of a set of treatments-mostly 
nonstatistical in nature-on digitalized data supplied by a group of informants. 
It is assumed that these informants constitute at least 80% of the occupants 
of a closed environment; we shall refer to these occupants as the group. The 
main end product of the treatments is a quantitatively defined network, which 
we claim to be a very close approximation to the cognitive (not behavioral) 
structuring of the group. In particular, we can specify those elements of the 
group with whom an informant, in the course of his existence within the 
group, communicates directly (again on a cognitive level only). As an example, 
we would hypothesize that the dispersal of a piece of information by word of 
mouth among the group would in all likelihood follow the lines of direct 
communication predicted by the method. 



SOCIOMETRICS OF OCEANOGRAPHIC VESSELS 167 

Fig. 11. Clusters obtained from cluster analysis on cat+ linkages predicted from 
Otij. 

The original data for the method is supplied by as many informants 
within the group as possible. (Ideally, each member of the group should 
supply data, but if time or other conditions do not permit the extraction of 
complete data, efforts should be made to omit only random members of the 
group, rather than confining omissions to one or more obvious subgroups of 
the group.) The technique for the collection of data is to give each informant 
a packet of cards, each card possessing the name of one member of the group. 
He is asked to arrange these cards into four piles: those members with whom 
he has “close” interaction, “some” interaction, “little” interaction, and “no” 
interaction. These were defined for informants as “working with,” “bull- 
shitting with, ” “saying hi to,” and “not encountering,” respectively. We shall 
see below that it is unnecessary for better definitions than these to be given. 
Each informant is asked to rank the elements within each of these piles in 
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order of interaction. Usually some difficulty will be experienced in ranking 
the “little” and “no” interaction piles, but this also does not matter.4 

The next step, after the data acquisition, is the creation of a matrix of 
“distances” from one member of the group to another. In other words, for 
the N members of a group, we wish to define a “distance” dii from the ith 
informant to the jth member of the group. In general this matrix will be M X 
N, where M < N, corresponding to possible missing data. We shall for the 
moment merely define the distance used in this study, and postpone the 
discussion of alternative definitions until the method is fully discussed. 

The distance from an informant to the member of the group ranked pth 
on his list is defined to be p. Hence each row of the matrix d consists of the 
integers 1, 2,..., N-l, with a zero in the diagonal. This distance, as defined, 
is not commutative, and does not necessarily obey the triangle inequality, i.e., 
in general 

dij f dji and (1) 

dik and (dii + d+) are unrelated. (2) 

We proceed by thinking of the matrix d in the light of the Baltimore 
traffic problem (e.g., Acton, 1970). This problem, well treated in the 
literature, consists of finding the shortest route between two points in a busy 
city, given the time taken to traverse any block in any given direction. 
Applied to the current matrix, we may think of this procedure as an attempt, 
by using intermediaries, to reduce the (stated) distance between two people. 
In other words, we attempt to find informants k,, 4 = 1, 2, . . . , r < j such 
that 

IIllIQj =di~l +.. . +dKqKq+l +*--+d~,-1~, +dK,.i<dii. (3) 

Clearly, in order to find such a minimal distance matrix ruin at least one of 
whose elements is less than the corresponding element in d, it will be 
necessary to have some choice of routes, i.e., we must have two or more 
informants! (We shall consider the effect on the predicted structure of altering 
the numbers of informants later.) 

The method used to find min is that given by Acton (1970). Only 
addition, subtraction, and numerical comparison of integers is required, 
making such a method suitable for all but the smallest computers. We shall see 

4We are aware of the difficulties in operationalizing the notion of “interaction.” 
Counterintuitively, our data (and the math) suggest that the comparison of qualitative 
and quantitative data may be spurious. In other words, it may not matter at all whether 
people tell you who they “interact with” or who they “would like to interact with.” We 
believe this to be the case, at least in large, task-oriented groups. Of course, this hunch 
requires experimental proof, which we are currently developing. Our evidence to date is 
provided in the body of this text. 
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later that not too much reliance may be placed on the minimal distance 
matrix as representing any real structure: in particular, the predicted route(s) 
taken from i to j is not intended to represent any physical behavior on the 
part of i. Only deductions indicated very strongly by minii and its ac- 
companying route structure should be made. 

Instead, we now define the category matrix cat&, which we claim 
represents, with great accuracy, the cognitive network from the viewpoint of 
each informant. We obtain this as follows: in the course of obtaining min, 
several possible routes from i to j will have been selected. In general there 
may be more than one such minimal route; if a choice still exists we choose 
the route needing fewest intermediaries. Then we define catii to be one more 
than the number of intermediaries used to proceed from i to j. In other 
words, if i perceives direct interaction with j, defined here minq = di/, then 
catii = 1. If, however, minii is such that i + k + j then catii = 2, and SO on. We 
can see the meaning of the category matrix diagrammatically (Fig. 7). 

The element catii is the number of the YOW in the network which i 
places j upon. Increasing the row number implies a more complicated 
interaction pattern, or that j is “not so easy to communicate with directly.” 

We claim that it is precisely the number of this TOW which represents 
the reality of the social network, rather than the route used to get there. This 
is especially true of the second row: in Fig. 7 we have drawn i + j + p; i + k + 
p. Now both routes place p in the second row, and we appear to have 
overlapping possibilities for the actual interaction route. This does not matter; 
in fact, in a physical, structured group such as the cruise under examination, 
there was a 2.2 to 1 overlap ratio in the second row. In other words, on 
average, the total number of elements in the first rows of each of i’s first row 
was 2.2 times the number of distinct elements, implying a great deal of 
overlapping as described. It is tempting to hypothesize that such overlap is 
essential to the healthy functioning of groups. 

We further hypothesize that each informant knows, and understands the 
structure of his own first row (i.e., he “knows who he knows”), and has a 
very good (70%) knowledge of his second row (a subset of his first row’s first 
rows). This knowledge deteriorates as we descend the rows, as would be 
anticipated: clearly an informant will have little or no knowledge of the 
interaction structure of a subset of the group with whom he has little 
interaction. However, he will have sufficient knowledge to know how that 
little interaction takes place, and who among his first or second rows is 
necessary to this interaction. 

We must stress the important fact that a position in a given row is a 
measure not of amount of perceived interaction, but the degree of directness 
of such interaction (as witness the appearance of no, 39 in many first rows, 
commented on in Part II). 
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2. The Validity of the Network I 

There are three questions to be answered concerning the proposed 
network of N people: 

a. Is this structure a physical entity? How dependent is this structure on 
changes and error in the original data, or upon redefinition of the 
concept of distance? 

b. Assuming the existence of the network, how well does any informant 
understand at least his first two rows as predicted from the category 
matrix? 

c. Assuming a good understanding of this network on the part of the 
informants, what relation-if any-exists between this network and 
the actual cognitive social network existing within the group? 

In the following three sections we shall attempt to answer these questions. 
For convenience we will continue to use a vocabulary more properly left 
unused until the completion of the validation of the method. The first of 
these relates to the specific existence, or reality, of the network, and how 
dependent it is upon changes in the elements dji. Some discussion is therefore 
needed of our specific concept of distance. There are three independent ways 
in which our distance, as defined here, may be modified: 

a. A multiplicative resealing of all distances 
b. The addition of a constant to all distances or 
c. A restructuring of all distances, so that the distance from i to his nth 

ranked element is a function of n larger than the distance to his 
(n-1)th ranked element, rather than a constant as here defined. 

Now the primary reason for the selection of integral distances was because we 
felt that they represented, in some sense, the way in which our informants 
felt about each other. It was clear immediately that alteration (a) would have 
no effect whatsoever on the structure produced by the method, since minii 
and catji only involve sums and differences of dii; hence a multiplicative 
resealing is irrelevant. However, alteration (b) is somewhat more serious. If the 
additive constant is chosen > N, then each element of the group appears on i’s 
first row. We chose to model this effect, not by recomputing the data with 
selected additive constants, but by the nearly equivalent artifice of introducing 
the “lag.” We define the lag to be a positive, nonzero integer, the value of 
which is added on to minii every time an intermediary is used. Again, if we 
choose the lag to be >N, all interaction would proceed directly. The Iag may 
be thought of as a penalty for using intermediaries. 

The results were recomputed for lags 1, 2, 3, and 10. About 10% of the 
category matrix had been altered for lag 3. A lag of 10 caused about 60% of 
the predicted interaction to proceed directly. The use of such a lag was 
eventually discontinued, for two reasons: 
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a. After discussion with members of the ship, it was felt that zero lag 
represented the network distinctly better than nonzero values, and 

b. The various stability experiments described below convinced us that 
zero lag provided a network with a physical existence, and there was 
no need to try other cases. 

Alteration (c) obviously presented too wide a field for experimentation. It was 
decided, that since the data was originally presented by each informant in 
four varying levels of interaction, to alter the distance function only between 
the levels, not within them. Accordingly, we took for experimental purposes 

a. dii = dii if i has “close” interaction with j 
b. dii = 2 dii if i has “some” interaction with j 
C. dii = 4 dii . . . . . . “little” interaction with j 
d. dii = 8 dii 1 . . . . a “no” interaction with j 

and reran the program. No noticeable change occurred within catii. This 
means, as we shall see again in a moment, that the elements of the group with 
whom an informant has-in some sense yet to be defined-“close” interaction, 
effectively control the entire network structure. 

Another set of changes made to dii were, for L = 3, 4, 5, 6, 7: 

new = dii 
dii 

if dii < L 

=N ifdij> L. 
(4) 

This procedure caused 30% alteration in catij for L = 4, but only 11% for L = 
7 (the value L = 7 was chosen with hindsight). Again we see that an 
informant’s first 7 or 8 elements control the network. It would be tempting, 
in view of the above, to defme “close” interaction as being that with one’s 
closest 7 or 8 elements (as defined by the original data), but we shall reserve 
our defmition until later. 

It is clear from the above experiments that the decision to use unit 
spacing in the d matrix is quite valid, and in terms of the results achieved is 
probably more accurate than any other spacing. However, before its final 
acceptance we must test the system for dynamical stability, i.e., considering 
the method as a “black box” with input dii and output cati/, how sensitive is 
the output to variations in input? This question is obviously most important 
in the consideration of the way the data is obtained: if the informant did not 
feel well, or had argued with his closest acquaintance prior to taking the test, 
or had ranked by his measure of friendliness rather than social interaction (see 
footnote 4), or if mistakes had been made in the transcription of the data, 
errors will appear in the final form of the data. We therefore enquired as to 
the effect this would have on the category matrix, by taking a randomly 
chosen 10 or 20% of the elements dii and altering their value by either + n 
(the sign chosen randomly) where n is an integer. If dii < n, however, no 
alteration was made, as this could have caused negative entries in the matrix. 
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TABLE 1 

Number of ErroTs in catq After Alteration of dv 

Change in d (%) +n 

10 1 
10 2 
20 2 
20 4 

Mean % change in fist and Total % change in 
second rows of any individual catq 

1.67 5.48 
3.08 9.56 
5.36 11.49 
7.16 15.60 

The number of errors found are summarized in Table 1. The total change in 
catii is always smaller than the change in d (whereas the change in min was of 
the same magnitude); however, the change in the contents of the first and 
second rows of all individuals was much smaller than the change in d. From 
this we conclude that catij is a stable matrix, and that variation of input does 
not affect this matrix to a significant degree. It is both patently and painfully 
obvious that “significance” is not here defined. We are hopeful that further 
work will help resolve this dilemma. For the moment, since no other data 
exists, we are content to maintain bravely that 7.16% change in the first two 
rows of hierarchy given such a walloping clout as 20% + 4 is nonsignificant. In 
other words, the structure of the network is contained in all the entries of dji 
(with a value less than some constant), and is not dependent on only some 
entries of d. 

3. The Validity of the Network II 

We have seen in the previous section that the network predicted by our 
method is a real, stable matrix, and now turn to the problem of how much of 
the structure any individual comprehends. Since we are assuming that the 
individual has, at best, only a subconscious knowledge of the network, this 
information will have to be drawn from the original data again. We have seen 
in Part II that the mean number of elements in row 1, (X,) was 7.27, and in 
row 2, (X2) 13.45. (We shall see in 8 5 that the first number is in fact an 
overestimate.) We therefore posed the question: how accurately does our 
prediction of which elements compose i’s first row compare with his first Xr 
ranked elements? And, in a similar fashion, what comparison is there between 
his next Xz ranked elements and the predicted contents of his second row? 
There is, of course, some bias in this problem. Any element with a small 
distance from i is biased toward being “close” to i, and therefore entering his 
first row. Since X1 is small, we would anticipate a high degree of agreement 
between the predicted first row and the fust X1 elements, but a similar 
accuracy for the second row would be taken as added confirmation for the 
method. 
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We chose to examine the worst case, namely X1 = 8, X2 = 14, thus 
increasing the chances of elements from lower rows appearing in the upper 
rows. Let us define a successful prediction of the first row if only elements of 
the first and second rows occur in the first 8 elements. Analysis of the results 
shows that our accuracy rate is larger than 95%. It is of significance to the 
attitude of those on-board the ship that all but one of the 4.8% failures 
involved interaction routes which passed through 43 or 47, two of the 
technicians.5 It is tempting to hypothesize that such failures are not simple 
failure of the method, but failure on the part of the members of the ship to 
appreciate the true interaction function of the technicians! 

Having seen that, as expected, our accuracy rate for the first row is 
high, we now turn to the second row. Here we define success if only elements 
of the first three rows occur in the second 14 elements (i.e., again we allow a 
misplacing by one row of a given element). The results can be summed up as 
follows: for every six members of i’s second 14 elements, three will be on his 
first or second row, two on his third, and only one on his fourth or worse 
rows (i.e., a 16.9% failure rate). This seems an excellent degree of success and 
is taken as confirmation of the method. 

We may also perform a similar examination, not of the predicted average 
number in each row, but of the stated number of elements which had “close” 
or “some” interaction with the informant (such numbers vary from case to 
case, of course). We would hope that the informant himself has some feeling 
for the depth of interaction with each element of the group, and that this is 
reflected in his grouping of the elements. 

It is interesting to note that, on average, 14.6 were placed in the “close” 
interaction category (as many as 30, by nos. 1 and 2, the Captain and his first 
mate), and only 12.1 in the “some” interaction category. This would suggest 
that an individual tends to place some of his second row into the “close” 
interaction category (although in 32 of the 44 cases, all the row 1 elements 
were ranked above the others). Despite this overestimate, however, 82% of the 
stated “close” interaction group were elements of fust or second rows, and 
80% of the stated “some” interaction group were elements of the first three 
rows. Again we find confirmation for the idea that an individual intuitively 
understands the structure in which he is embedded. 

4. The Validity of the Network III 

The final question to be answered concerning the validity of the 
predicted network is whether it actually coincides with the genuine network 
existing for the group under consideration. Since ours is the only method 
purporting to display such a network quantitatively, we can only seek 

5The reader is referred to Part II for a discussion of the technicians. 
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corroborative evidence for our hypothesis, and not any direct proof, by using 
other techniques. 

One of the frequently used tools of sociology is the so-called factor 
analysis, which attempts to factor the matrix d, and examine the contents of 
such subgroups, via a Varimax rotation technique. Such an operation on d 
produced only one strikingly large eigenvalue, corresponding to the division of 
the ship into crew and scientists. Normally, without such an externally 
imposed structure, such a division would have to be found using a technique 
such as factoring. However, factoring gave no more information than another, 
older and more simple technique, cluster analysis. 

The results of the cluster analysis have been mentioned briefly in Part 
II. Basically, it is designed to locate and collect those elements who have 
similar viewpoints about the ship, but gives no information concerning their 
connection. Some of the results of the analysis upon the matrix d are given in 
Fig. 10. Only the members of the subgroup have been given by the cluster 
analysis-all the directional linkages are given from the category matrix, such 
that i + j if and only if catii = 1, i.e., if we have predicted i interacts directly 
with j. Group 4 (nos. 45 and 48) could not be connected, and no. 8 could 
not be fitted into group 7. 

Although these subgroups have been drawn separately, other linkages are 
predicted from catjj which will tend to connect them together. We notice 
immediately that the linkage pattern is very complex for groups 3 and 7, and 
certainly three dimensional. It is obvious that the chance that a random ca$ 
matrix (such that seven direct lines of interaction are predicted for any 
individual) being able to fit such a complex linkage pattern is vanishingly 
small. As an estimate of the likelihood of a random catjj matrix being able to 
predict such a structure, we consider a simpler structure, the unidirectional 
tree (UDT). A UDT for a given subgroup has one or more “entry points” 
from which connections are made in a left-to-right direction until the group is 
exhausted; several examples for a group of four elements ABCD are given in 
Fig. 12. 

Clearly we can extract UDTs from each of the seven groups in Fig. 10, 
usually in many different ways. Now, assuming a random (44 X 53) ca$ with 
seven direct interaction links per person, the probability of being able to 
connect the elements of a given subgroup with a UDT decreases with the size 
of the subgroup. For 2, 3, or 4 elements the probabilities are 25, 20, and 

A 

\ / 

c A 

B+ D ; A-B i \ 

/ \ / 
C-D 

C D B 
Fig. 12. Typical unidirectional trees. 



SOCIOMETRICS OF OCEANOGRAPHIC VESSELS 17.5 

16%, respectively. The probability of fitting a UDT to a subgroup of size 7 or 
8 is very small; yet in fact the network predicted from our method is more 
complex than a UDT, showing a high degree of agreement between subgroups 
predicted from the cluster analysis and those from catji, which is again 
confirmation of the method. 

We also computed clusters based on catij (Fig. 11). Group 2 contained 
13 elements, and the linkage predicted from catii was much too complex to 
draw. Hence the drawing of group 2 contains only some linkages of a subset 
of the group. Although ca$ was again successful in connecting the elements 
of the subgroup, this cannot be taken as confirmation of the method, since 
catii was itself used as input for the cluster analysis. The results, however, are 
of relevance to the ship’s structure (see Part II). All other groups had less than 
four elements. 

The final additional technique to be considered is a multidimensional 
scaling analysis. It attempts to position all the elements of a group within an 
n-dimensional space (here chosen to be two dimensional), so that the element 
ranked first by an informant is closest to him, the element ranked second is 
next closest, and so on. (The distance metric used is the usual Euclidean 
metric.) The program used is an adapted version of one written by Kruskal 
(1964). Because of the total space allowed by the unadapted program, only a 
symmetrical distance matrix could be accomodated. This was defined by 

new 
dij = d;” = dii + dii. 

The positioning in two dimensions of the informants showed no particular 
organization or structure apart from the now obvious division into crew and 
scientists, providing more evidence for the hypothesis that incongruence 
between dii and dji is essential for the maintenance of day-to-day affairs. In 
particular, it should be noted, the technicians were allotted positions of no 
great significance. 

where 
The program was then adapted to accept the full 53 X 53 dii matrix, 
dji = 0 if i is not an informant (corresponding to missing data). The 

spacing of the group is shown in Fig. 13; the crew (l-26) is bottom left, the 
scientists (27-53) upper right. It is possible to derive statements from Fig. 13 
which corroborate some of the results produced by our method. For example, 
the closest crew member to the scientists is the Captain (no. l), followed 
closely by the first mate (2), both on the edge of the crew subgroup. The 
senior scientists (30, 31, 41) are clustered within the scientist subgroup, 
showing again the greater attempt by the Captain at bridging the gap between 
the two groups. Note also the position of the three nonscientist technicians, 
47, 53, and 50, astride the scientist-crew gap; 43, the graduate student/ 
technician is much closer to the scientists, as we have also seen from the 
cluster analysis. 
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Fig. 13. Group spacing predicted from multidimensional scaling. 

Just as for the cluster analysis, Fig. 13 has been redrawn (Fig. 14) with 
the linkages predicted from catii superimposed. The nine noninformants have 
been removed for clarity. The importance of the technicians and captain is 
quite striking. It is also of interest to note that other connections between 
crew and scientists (e.g., 52, 37, etc.) on this diagram are not themselves very 
well connected to their own group, thus reinforcing the use of the technicians 
and captain. 

We have shown, in $8 2, 3, and 4 that the network predicted by our 
method is a real, stable structure, well understood by the informants, and 
agrees with the more limited information available from other statistical and 
phychological techniques, as well as with the ethnographic data of Part I. We 
have not, of course, shown that this network is related to any cognitive social 
structure, since no other direct methods exist. However, we shall make the 
hypothesis that the network predicted from our method is at least one of the 
possible cognitive social networks, until any evidence appears to the contrary. 

5. On Random Structures 

We have seen previously that the mean number of direct communicants 
for each informant (i.e., the number in his fust row) for the group tested was 
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Fig. 14. Redrawing of Fig. 13 with linkages predicted from cat+ 

7.27. This number lies comfortably in the range 7 f 2, a range which appears 
to have a large bearing on the human capacity for handling information 
(Miller, 1956). For example, verbal description of complex operations are 
broken down into suboperations, the number of which almost always lie 
within this range. This corresponds to a mean of 7 and a standard deviation of 
unity.6 It is immediately obvious that some limit will be imposed on the 
number in an Informant’s first row by his limited ability to process data: As 
each new person is added to his list of direct communicants, it becomes 
successively more difficult for him to add one more, resulting in only a finite 
(and small) number of direct communicants. 

It is clearly necessary to discover whether for the group tested, the fact 
that 7.27 lies within 7 * 2, is coincidental or an artifact of the numerical 
method used. If the former, we have another independent validification of the 
human information processing capability; if the latter, we must reexamine the 
method itself. This question has prompted a simple investigation of the 
properties of random d matrices. Such a matrix will, of course, still have the 
integers 1 to N-l appearing once on each row. 

Q~ler (private communication) has indicated that the range *2 was arrived at on 
intuitive, rather than mathematical, grounds. 
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In the case of a random d matrix, the only two factors governing the 
expected number in any first row will be N, and M, the number of 
informants. Recall the M, necessarily, is less than or equal to N, Our primary 
task is to evaluate the expected number in any first row E (x) (x is the 
number in the first row), and its corresponding standard deviation cr. To 
obtain these, we consider the probability of j, where 

dij = n (6) 

being in i’s first row. This will be a function of n, M, and N in general. Call 
this probability pn. Now clearly, from the definition of minimal distance, the 
two closest members to i must lie in his first row, or 

p1 =p2 = 1. (7) 

If the member ranked third by i (written as i3) is not in i’s first row, this can 
only be if 

hIi = 1, 09 

i.e., i’s closest element states that i’s third closest element is closest to him. 
For a random N X N matrix, this probability is simply the probability that, of 
all theintegers 1,2,..., N-l which di, ig might be, that integer was 1, giving 

p3 = 1 - 4, 
1 where q = N-l. 

In the case of a M X N matrix, q is replaced by the product of the above q 
and the probability that il is indeed an informant, i.e., 

M-l 1 
q= N-1 ‘N-1. 

Similarly, i4 is not in i’s first row if any of the following occur: 

(a) dili4 = 1 or 2 
@> di2i4 = 1 (11) 
(C) dki4 = 1, where dj, k = 1 defines k. 

Note that the possibility (c) is not quite independent of (a), but the 
correlation involves another inverse power of N which we can neglect without 
any loss of accuracy.7 Hence the probability that is is in i’s first row is the 
probability that none of (a)-(c) occur, or 

P4 = (1 - 2q) (1 - d2 = (1 - 2cl) PJ”. (12) 

Indeed, it may be shown by induction that 

7This assumption is precisely equivalent to the assumption that do is a stationary 
random function, and becomes increasingly accurate with increasing N. 
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pn = [1-(n-2)41 P;-~ or 
pn = [I-(n-2)q] [I-(n-3)& [1-(n-4)qJ22 . . . [1-q]2n-3. (13) 

Since these numbers decrease rapidly with n, the loss of accuracy represented 
by the nonindependence above is not significant. Then we have 

where P,, is the probability of exactly n in the first row. This expression may 
be shown to equal 

E(x)=~+~$~ Pn 

and this quantity is plotted in Fig. 15 for A4 = N, 0.8N, 0.6N, 0.4N, 0.2N, 
and N < 500. We see that a reduction in M produces an increase in E(x). 
This is to be anticipated: clearly, if we reduce M to 1, E (x) = N-l, as no 
alternative paths are available. 

The function E(x), for M = N, increases slowly with N. Over the range 
illustrated, the increase is approximately a 0.4 power law, but plots of E(x) 
versus N on log-log graphs suggest that E(x) may be asymptoting either to a 
constant or to a very slow rate of increase with N. Neither conjecture has 
been proved. The value of E(x) remains small compared wtih N: only 10.25 
members of a random first row are predicted for N = 1500. This tends to 
confum, by a different method, the heuristic argument given at the beginning 
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Fig. 15. Expected number of direct links per person for a random matrix. Also 
shown are the effects of incomplete information. 
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of this section. There it was stated that the number in an informant’s first 
row would be limited psychologically; that it becomes increasingly difficult 
for him to handle more direct communicants as the number of these increases. 
On a random matrix, as considered here, we see that this result can also be 
obtained mathematically, but with somewhat different reasoning: a given 
member of i’s first row is capable of serving as an intermediary between i and 
a large subgroup of the system. If the total number on i’s first row remains 
constant as N increases (and therefore the size of each subgroup increases) 
then a value of N will be reached when a given number of i’s first row 
becomes incapable of acting as an intermediary to such a large subgroup, and 
the number in i’s first row increases to allow for this. We can see, however, 
that, for increasing N, each member of i’s first row becomes increasingly able 
to “handle” more entities in his subgroup, thus resulting in only a slow 
increase of E(x) with N. 

As this was going to press it was noticed that an error in coding had caused 
incorrect evaluation of E(x) for missing information. (This formula was not given 
in the text.) The actual deviations are larger than those shown in Figs. 15 and 
16, but have no effects on the main arguments. In particular, the mean of 7.27 
observed on the first row is 8 SD larger than predicted in 5 instead of 9 SD. 

In general, it will be impossible to extract all the distance information 
from a group, and we must content ourselves with some “reasonable 
percentage” of informants. For a random matrix, and informants randomly 
chosen, Fig. 15 also shows the remarkable fact that E(x) is quite insensitive to 
a reduction in the number of informants. The numerical errors produced in 
E(x) by 80, 60, 40, and 20% informants are shown in Fig. 16. All errors 
asymptote to a constant value; surprisingly, an error in 1 of the estimated 
number of any first row needs as much as 20% information loss. (This error 
of 1 will become more significant later.) Even with no information from 40% 
of the group, only an increase in the number in a first row of 2% is made. 
This would appear to suggest, for random matrices at least, and therefore 
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Fig. 16. Numexical error produced by incomplete information. 
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almost certainly for the more structured real matrices, that it is not necessary 
for an individual to interact in any way with most of the group. Effectively, 
his first row (and their fast rows) can locate the appropriate intermediary for 
interaction with a far-removed section of the group. Hence we hypothesize 
that an individual’s knowledge of the interaction network will of necessity 
deteriorate as the rows of his category matrix are descended. However, this 
does not matter: he can rely on the appropriate member of his fast row for 
the routing of the desired information, interaction, etc. 

We turn from the value of E(x) to its standard deviation u. It may be 
shown after a little algebra, with the same assumptions with which the value 
of E(x) was evaluated, that 

u2 = Wx)- 2)@(X)- 1) -zfF3 Pijj3 Pj. 

A graph of E(x) and its 95% confidence limits (i.e., f 2) is shown in Fig. 17. 
As for the case of the numerical errors, u asymptotes to a constant value, unity. 
The agreement between u and the standard deviation implied by Miller (1956) 
is quite amazing, and suggests yet again that there may be some connection 
between psychological and mathematical limitations in human beings. We may 
also note that an error of 1 SD (i.e., of 1) is precisely equivalent to a 
reduction of 20% in the number of informants, and 2 SD to a 75% reduction. 
Hence, providing the numerical error produced by incomplete data gives an 
error in E(x) of less than unity, the network of a random matrix will be 
adequately represented by our method, or in other words, 80% or more 
informants-selected randomly-will give us .a reasonable picture of the net- 
work as a whole. There is no reason to suppose that a random sample of 80% 
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Fig. 17. 95% confidence limits for E(x). 
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from a structured matrix (one produced by the card sort method) would be 
less useful. 

It must be stressed that E(x) and u are the mean and standard deviation 
of the number in a first row for one sample only. The number which would 
be calculated from data would be the mean number in all the first rows of the 
matrix. It has not been found possible to evaluate this quantity, E(X), for a 
random matrix directly. However, direct computation of the correlation 
coefficients between xi and xi (the numbers of people if i’s and j’s first rows), 
for small matrices, shows these correlations to be very small, and decreasing 
with N. (Providing these correlations decrease faster than N, they will not 
affect the following argument .) 

If we neglect row-row interaction, then 

E(X) = E(X) (17) 

u; = a= IN. (18) 

Let us apply this to the ship data. We found X to be 7.27, with only 44 out 
of 53 informants. If we assume that the error due to incomplete information 
is of the same order for a real as for a random matrix, then we must correct X 
downward to a new value of 7.27 - 0.6 = 6.67. Now the value taken by a 
mean of 44 samples of X from a random matrix would, by the above, be 
5.75 with a standard deviation of 0.9444 = 0.136. Hence our observed 
X of 7.27 is at least 8aj; from the expected mean E(X) for a random matrix, 
implying a highly significant amount of structuring within the group. 

We have seen that both psychological and mathematical limitations exist 
on the magnitude of E(X). We may now inquire as to the effect of increasing 
the group size N while simultaneously applying the psychological restriction 
E(X) < 7. (We have naturally chosen the midpoint of the 7 f 2 range.) 
Clearly, for N > 140 (the value for which E(X) = 7) the random structure 
will be compelled to subdivide into smaller subgroups, each of which will 
remain random within itself.* If the random system is to remain functioning 
efficiently, then at least two elements within a given subgroup must interact 
directly with members of any other subgroup. (We are here specifying that the 
structure must not break down due to one element’s absence or illness.) Thus 
we foresee a collection of subgroups, each interacting via two or more of its 
members with every other subgroup. Suppose L is the size of each subgroup. 
The average number (within a random subgroup of size L) on an individual’s 
first row is the appropriate value of E(x), which is now less than seven. This 
leaves 

*We are eager to hear from colleagues who have dealt with the problem of lineage 
fission in non-Western societies concerning the pragmatics of optimal lineage size. We 
would expect our findings to prove useful in viewing this and related problems of optimal 
group size. 
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L (7 - -w) 09) 

unused possible elements of all the first rows which are still allowed within 
the psychological limitation E(x) G 7. These can be used to interact with 
other subgroups. Assuming at least two links per subgroup, this means that 
the mean number of such subgroups is the integer part of 

HL (7 - E(x)) E Q, say, (20) 

and therefore the maximum permitted total number of elements within the 
entire group is 

L <Q + 1). (21) 

This quantity is plotted as a function of L in Fig. 18. The maximum group 
size which can be “handled” by random elements carrying the psychological 
restriction E(x) < 7 is therefore 2460, achieved by 30 subgroups of 85 
elements. 

However, we have seen that real matrices (or at least the matrix 
pertaining to the ship) have a highly significant degree of structure, which 
increases, apparently, the value of E(x) at least for groups O(100) people. This 
will decrease Q, and hence the maximum size group permitted. This is 
particularly significant in that the maximum size group which a trained 
anthropologist is usually said to be able to study (i.e., comprehend intuitively 
in a year’s participant observation) appears to be of order 1500-2000. This 

has been part of the unproved but accepted truths in that discipline. More 
recently, urban anthropologists have noticed that complex cities appear to be 
broken down into neighborhoods which are suspiciously about the size of a 
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Fig. 18. Maximum total group size for given subgroup size. 
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large peasant village, i.e., about 1500-2000. Again we have seen that a number 
of this order is predicted by our method. 

In the case of a structured matrix, not only will the maximum group be 
smaller, but also the optimal subgroup size, for similar reasons. Hence we 
hypothesize that any group of more than at most 140 elements must form its 
own subgroups, and in so doing produce its own formalized hierarchy to deal 
with this. 

IV. CONCLUSION 

This paper has studied two distinct problems, both of which are still 
essentially in preliminary form only. The first is the study of the oceano- 
graphic research community, both on land and sea. Our data was obtained for 
only one cruise of one ship. Almost uniformly we were assured that the entire 
social structure of a ship changes after about 2 wk (at which time our data 
acquisition ceased). We in fact would hypothesize that this does not in fact 
happen; that what is important to study is the speed with which the social 
network appears and stabilizes. What form would it take, say, one day out 
from port? 

The problem of time dependence is, of course, much wider than this 
and forms one of the unanswered problems of the second, numerical study. Is 
there necessarily some property of dji (or ca$) which would enable us to say 
“This structure is static,” or “This structure is ‘deteriorating’ (in the sense of 
the R/V SILAS BENT),” or finally “Relations on this vessel are ‘improving’?” 
Perhaps this is, in some way, connected with the number of direct interaction 
links which a person has: too few, in some sense, would imply too strong a 
dependence on too few people; too many would (as in the case of no. 39 on 
the ship) imply too many relatively unknown people in the group. 

Clearly much more data is necessary, both in order to continue 
examination of the oceanographic research vessel, and in order to continue to 
test our method, and finally to provide some background for the study of 
structured, hierarchical groups. 
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