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In the study of large organizations, the intomation, canmunication, and 
goveming processes have been extremezy difficult to f'ol'mUlate. Towards such 
a formulation, the strategy or the leviathan studies has been to pursue two 
lines of attack--theoretical formalization and canputer-based simulation. By 
these means, leviathan research has studied the interrelationships between (1) 
executive policy making and control and ( 2) system perf'omance of large 
organizations, within (3) exper1mentalzy controlled laboratory environments. 

In answer to the challenge or mark~ enhanced computer capabilities just now 
being made available, practical and theoretical advances have been made in 
f'omalizing the comnunication and goveming process in large organizations. 
These advanced formulations and their significance are explained. 
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Simulating Social Organizations: Current and 

Next-Generation I.evia than Methc1~ology 

TM-ll28 /100 / 00 

large social organizations are among the most challenging and baffling 

objects of scientific study: They are integrated on diverse system levels. 

They resist reductive analysis--their constituent elements, such as their 

subsystems and individual human members, when excised from their organizational 

settings, do not continue to behave as before. The ultimate constituent 

elements of organizations (the transactions of individual persons who are their 

members) are mediated by symbols; hence humanistic and dramatistic elements 

are of the essence of social organizations. The constituent social transactions 

of organizations are not processes that are simply located on specific system 

l levels. Nor are organizational processes simp~ located in time--ru.ture 

potentialities and opportunities of organizations help dete:nnine vhat happens 

2 to them and vhat they became. ~ of the most significant organizational 

processes, furthermore, do not occur in regular cycles. Finally, organizations 

interact symbiotically vith their social environments in diverse ~son their 

di verse levels. 

Developnents in computing technology over the last decade have opened 

promising paths for coping vith the complexities of large social organizations. 

These developnents include: (1) large computing systems and digitalizing 

buffering equipnent that operate "on line" and in "real time" and that are 

uninterrupted~ available over protracted periods of time; (2) canputer 

routines that successively follow one another in sequences contingent~ 

controlled by executive cycling routines, that is, "time-shared" operations; 
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(3) canputer routines that contain nonquantitative formulations ("logical" 

routines) capable ot representing qualitative elements of and 1n the system 

enviroments; ( 4) canputing c ems that allow ,,l,IM.-., decision makers to 

function as integral parts ot system operation in military control systems, 

Given such ccmputing technology, social scientists can represent or 

simulate basic social processes (;(JUIDOn to ID8J\Y large organizations: First, 

the canputer technology (the "sottware") is purged ot applied reference to 

specific actual organizations. Abstract generall ty is thereby attained. 3 

Next, a complex syatem ot CCIIP,lter activities is tomulated, programed for 

the canputer, am readied tor operation 1n a laboratory; this system ot computer 

activities is the operating vehicle. Then, pe.radoxical4', sane concrete Jey"th 

is imputed to the elements ot the abstract vehicle. Thereby, when next the 

ccmputer is set into operation, its continual cycling ot digits, coded 

quali tative:cy, is made to sustain a concrete, ongoing organization. Fourth'.cy, 

live human decision makers are integrated into the entire enterprise, to m&na6e, 

control am govern the evolving simulated organization, 

Towards such a tourtold procedure, we began, sane five years ago, to 

develop a method, called t.!vi&than, tor comucting pure'.cy theoretical experiments 

on the organization a.rd governance ot large social systems. Short'.cy thereafter, 

the research directorate or the. System Developnent Corporation made available 

for research a laboratory equipped with canputing machinery capable of on-line, 

time-shared operations. In this tacility, we have brought entire bureaucracies 

into simulated lite. The bureaucracies include relative~ large numbers of live 

human decision makers (current~ up to 24) who interact with each other and with 
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hundreds of robots over protracted periods of time (typica~ 120 laboratory­

computer hours, in four-hour sessions, over three-month periods). 

In what follows, we shall first describe how the leviathan method has 

been exploited until now. Then we shall discuss the next generation of 

leviathan simulations, which will come into being in 1967 1n a new laboratory 

with greatly enhanced capabilities. Finally, we shall indicate the significance 

4 of the new Leviathan fonnulations for theory fomation in the social sciences. 

CURRENr IEVIATHAN SDIJIATION 

THE SlMUIA'l'ED ORGANIZATION 

To study the governance of large organizations, our initial step is to 

bring into being 1n the laboratory a simulated bureaucracy that possesses 

characteristics essential to large organizations. Our taxonany of the 

governing process in large organizations includes six basic elements, all of 

which have alreaey been realized together in our laboratory sill:ulations. 

(1) Fomal Authority: Varieties of !'onnal organizational contigurations, 

each consisting of a six-level managerial hierarcey, represent the fomal 

authority system of large organizations. For each office in a pyramid of 

coil'lll8.l'ld, the configurations stipulate (a) its c<Dmand. level, (b) areas of 

responsibility and of fonnal authority for operations, (c) persoMel resources 

(live and robot), and (d) functional specialization.5 

(2) Technological System: A network of waiting queues and service Gtations, 

manned by the artificial agents, represents the logistic production system of large 

organizations. Units of work enter the system, are processed in cascades of 
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successive queues and stations, and a.re thence distributed to various consumer 

agencies, The "energy" ot the robots is the resource by vhich the processing 

work gets accanplished. 6 

(3) Intoi,nation Feedback: A hierarchic~ structured system of infonnation 

reports simulates the data-handling and 1nto1111&tion-processing system of large 

organizations,7 In aey one experiment, about 12 different types of feedback 

inf'onnation, selected tran a total repertory ot 20 basic types, a.re provided 

to the subjects by the CC1Dputer. Eveey halt hour, the computer generates more 

than 200 difterent individual reports, representing system and subsystem 

perf'omance during one emulated ~. App1,opriate reports flow to the individual 

officers according to channels or foi,nal authority, 

(4) Linguistic Medium: A canputer-based, dynamically evolving, 

pre-structured intercanmunication language simulates the interpersonal 

camnunication system or real-life organizations.8 aJ.bjects use it to 

caamunicate with each other and to stipulate decisions and decision rules to 

the robots, which the robots interpret and implement. 'Dle canputer records 

who talks to wham, when, am. what is said, 

( 5) Organizational Charter or Corporate linage: Corresponding to the 

policy-fonnation and implementation system of large organizations is a complex 

canmunication process, Charter ~r image fonnation develops am. evolves from 

a continuing interaction between the subjects operating in their organization 

and the experimenters in the guise of the higher-level embedding system. It 

depends on such computer-based operant devices as a teaching machine for 

inioctrinating subjects, quantified crisis scenarios, value-laden cues 
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incorporated in the intercommunication language, information feedback that 

automatically evaluates organizational perfo:nnance, etc. 

(6) Extra-Fo:nna.11 Person-to-Person Interaction: As a simulation proceeds, 

the extra-formal, person-to-person interactions throughout the management 

pyramid cane to life. How this culture evolves depends on how the experimenters 

manipulate the other five basic elements an:l how the group reacts to and 

assimilates them. 

CONTROL OVER THE SIMUIA'l'ED ENVIRONMENT 

While the first step in studying the govemance of large organizations is, 

as we have said, to bring a simulated bureaucracy into beine in the laboratory, 

still, the achievement of this goal is not a single, one-time act. A large 

social organization is no unchanging, finished structure that can be held 

fixed while it is dissected by observation and &nacysis. Umerlying the 

foregoing sixfold basic taxonomy is the notion that organizations are open­

ended, developing, active, changing and emuring: work tlows through their 

technological systems; information flows through their hierarchies; canmuni­

cations flow and change; the corporate image evolves; and extra-fomal 

interactions continually take place. 

Nor is all this seething change only internal. Like biological organisms, 

large social organizations continually interact with their enviromnents~-with 

their sources of raw materials and of productive energ with their consumers, 

and with the large society in which each organization collectively acts. As 

an organization grows ard develops, its impetus stems partly fran within 

itself and arises partly in response to the buffeting of its environment; 
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the organization evolves partzy at its ovn pace and r~thn and partJ.y in response 

to push and pull of the outside. 

As in the real vorld, so in the laboratory: What happens in the ongoing 

life of a simulated bureaucracy issues pe.rtzy fran its immanent self-detemi­

nation and pe.rtzy fran the structure of its environment. a.it in the laboratory 

the envircmleutal influences that help shape the growth or an organization can 

be rather rigorous'.cy controlled and structured. The experimenters can, to 

a great extent, direct and cultivate the evolution of a simulated bureaucracy. 

Among the elements of the bureaucratic environment over which we have 

obtained control in our experiments are the following: 

(1) In the authority net, we control (a) the formal authority and 

functional organization that structure the subjects' ccmnand hierarchy, (b) 

the authority the subjects are able to exercise over the robots, am (c) the 

size of the hierarcey. 

(2) In the technological system, we control (a) the canposition and load 

of input flow, (b) the pattem, sequence, and timing of work flow through the 

processing system, (c) available robot energy, (d) unit processing costs in 

terms of robot energy, am (e) valuations, made in the names cf the consumer 

agencies, on different categories of finished work at different times. 

(3) With respect to information feedback, ve control the entire flow and 

distribution of feedback information described in the preceding section. 

(4) With respect to the linguistic medium, we control the channels, means, 

and, in the canputer-based intercOlllllunication language, the very idiom of 

expression that can be used by the subjects. 
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(5) With respect to organizational charter, some of the more important 

controls have been mentioned in the section on organizational charter. In 

addition, a concrete myth is inculcated in the subjects.. Thus, in our 1963 and 

1964 experiments, the subjects were told that they were operating an Intelligence 

Communications Control Center in the National Intelligence Agency. The units 

of work in the technological system were interpreted to be conmuniques arriving 

from sources all over the world, which had to be processed through the center, 

and the consumers were agencies of the federal goverment. 

Needless to sa_v, not all these controls are manipulated simultaneousJ¥. 

Some settings are held constant throughout an entire experiment. other 

settings are varied fran phase to phase within an experiment. Still others 

(onzy one at a time, or very few at most) are continual.cy altered during the 

progress of an experiment. 

ASSESSMENT OF SUBJECTS I RESPONSES 

To these controlled environments, subjects respond in two wa.ys: first, 

by discussing, coordinating, organizing, and planning their actions, and second 

by making their technological system perfonn. 

Both types of subjects' responses are constantzy monitored by the 

experimenters. (1) With respect to subjects' interactions or transactions, 

some are directzy observed fran behind one-wa.y glass and are recorded on 

sound tape, same are incorporated in handwritten messages, and others take 

place over the comp.iter and are observed and recorded through it. &ibjects' 

individual actions have been anazyzed quantitativezy in tenns of their 

• relationship to the collective actions of the group. We have counted how 
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frequently imividuals have contributed verbally, kinds of contribution, 

frequency with which an individual has questioned or opposed lines of action 

being followed by the group, and the extent to which they have only responded 

or to which they have initiated. In contrast to the individual actions of 

the subjects, their collective actions have been assessed qualitatively, in 

tems of the presence and absence of patterns of action and the change of 

these patterns. (2) With respect to technological perf'omance, this all 

takes place exclusively over the computer. It is measured precisely and 

quantitatively, both at canponent and system levels, in tems of temporal 
I 

flow of wrk, filtering of more important tran less important work, 9 distribution 

of flow over the process!ng netwrk, productivity, utilization of resources of 

robot energy, and the like. 

CONDUCT OF EXPERJMENrS 

The subjects make manifest their collective social developnent by the 

foregoing kinds of mutual interchanges and by their pert'omance accomplishments. 

As this developnent unfolds, the experimenters repeatedly intervene by altering 

settings of selected environmental controls. A loop is thus established between 

the developing bureaucracy managed by the live subjects and the observing am 
intervening experimenters. Essential to the operation of this loop is the 

familiar notion that a bureauc~cy's developnent stems partly from within. 

While experimenters can, by controlling environment, constrain, influence 

incline, cultivate, and partly shape growth, they cannot wholly make organizational 

growth. Hence we do not follow fixed, preset schedules; instead, we time v.ir 

interventions in tune with the emergence of specified patterns of interaction 
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or specified levels of technological accomplishment. In this sense, most 

leviathan experiments are open-ended. Freedan of the subjects to develop as 

a group is provided; as new foms of social structure and coordination emerge 

i.n the group, we, the experimenters, readjust the subjects' enviromnent. 

The basic strategy of en experiment has two facets. In sane experimenta­

tion, we seek to elicit ever higher technological perfo:nnance, without 

constraining the internal acts of coordination within the subjects' organization. 

Precisely those internal activities by which the subjects operate their 

organization, then, are what we usu~ wish to observe under controlled 

conditions. In other experimentation, we operate on the subjects' coordination, 

on their channels end suppzy of information, on their foms of access to one 

another, even on their fonnal organization, meanwhile measuring technological 

performance. The key experimental questions are these: Are there distinct 

modes of coordination characteristic of different levels of accomplishment, 

given specific internal and external environmental conditions? Can interrelation­

ships be established between modes of executive transaction and bureaucratic 

accomplishment? What are these, and how do they operate? 

INITIAL RESEARCH FilIDINGS 

Two series of five experiments each have been conducted, one series in 

1963 and the second in 1964. The subjects in the 1963 experiments constituted 

a fixed group, while in the 1964 experiments about half the subjects were 

replaced after the second experiment. Approximatezy 24 subjects participated 

at a time. On the basis of these experiments, several findings are tentatively 
10 advanced: 
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(1) 1n t;~isis environments, a close-tracking large organization having 

adequate resources can manage successf\llzy if it is furnished with a suitable 

combination ot component tailure and system performance reports. When 

preoccupied with bare survival and with preventing a minimal and stationary 

level of performance fran deteriorating, management can exploit this feedback 

combination to detect canponent breakdowns and to take immediate remedial 

action. This kind of organization--managing by exception--can indeed actualzy 

be impeded if it is tumished with detailed quantitative canponent feedback. 

The intomation teed.back system can, turtheimore, be f'oimulated for and 

successtulzy imposed on an organization of this kind by its supervening 

authority. 

(2) In crisis envirornents, a large organization that has successfulzy 

surmounted a succession of failures and that is exerting its efforts toward 

contingency planning seems to be seriouszy hampered when its info:nnation 

feedback system provides component failure and system reports but excludes 

detailed quantitative canponent performance reports. When a large group is 

striving to attain a clear corporate identity or charter and to plan positively 

and creatively, it needs far more infonnation (at least another order of 

magnitude) about its own internal hierarchical processes and about its performance 

accamplishnents. 

(3) In crisis environments, a large organization that habitually practices 

long-range policy am contingency planning and that is constantly raising its 

standards of perfo:nnance seems to require all the information needed by the 

two previous organizations. So highly authentic or so well-functioning an 
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organization seema, however, to use failure reports as triggers to invoke 

pre-established plans. 

(4) For all three of the foregoing kinds of organizations, an identical 

corpus of hierarchically structured feedback :infonnation can be used 

simultaneously to solve both canponent and overall systemic problems. This 

appears to be true, moreover, regardless of which basic type of fonnal 

organizati n is exhibited by the entire organization. &ch infomation 

feedback, of course, is best exploited by the vell-f'unctioning organi.zation 

in which executives on different levels of camnand, with different theaters 

of operation am different specialties (a) understand their own respective 

systemic roles and those of their colleagues--understand what their colleagues 

want and need to know--and (b) provide their fellow officers with access to 

relevantly filtered and interpreted data--thereby subordinating subsystem 

objectives to system accomplishments. 

(5) Altogether, four types of fomal organizational structures, represented 

by four different organization charts, were realized by the 1963 and 1964 

subjects. Organizational achievement seems relatively insensitive to the 

fonnal structure imposed on the subjects. 

(6) Organizational achievement does, however, seem to be strongly affected 

by a shift in organization from one basic type to another. 

(7) In any of the four organizational configurations, the more clearly 

articulated was the corporate identity or :image--the more it was readily 

accessible, adopted, and authentically interpreted throughout the management 

pyramid--the more effective seemed to be organizational perfonnance . 

.. 
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The foregoing findings are the first fruits of a prolonged, systematic 

effort that included: (1) design of the parameterized canputer program 

system; (2) developnent of techniques for staging the man-machine simulation 

in the laboratory; (3) marshalling, integrating, and ~ing man-machine 

resources, including engineers and operators of the computer-equipnent canplex, 

laboratory support personnel, am subjects; ( 4) evolution of the leviathan 

methoo,, with its experimental controls and quantitative measurements of 

organizational perf'onnance; am final~, (5) conducting the coherent series 

of controlled experiments that actual4' yielded the experimental resul'",s. 

Hence, more significant than the seven initial findings is the fact that 

results of this kind have been obtained. Our initial investigations demonstrate, 

by the fact that they have been perfonned, that the organization and government 

of large social hierarchies can indeed be experimentally investigated. 

NEXT-GENERATION IEVIATHAN SIMUIATION 

Despite achievements to date, we have thus far had to omit many elements 

important for conducting experiments on large organizations. These omissions 

have stezmned fran the .limited capacity of the particular Phi.lco canputer that 

ve have been us1ng,11 namely, the limited amount of drum storage on vhich to 

store our entire program system for rapid, real-time access during laboratory 

operations, the limited number of tape drives, and the peripherally unbuffered 

vey in vhich the disp~ equipnent operates. 

Corporate management at the System Developnent Corporation has, happily, 

decided to pool its computer resources in a central canputational facility. 

• 
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An extremely large canputer system, the IBM 360-65, is being installed, together 

with a family of peripheral, high-capacity disc storage, fast-printing, and 

peripherally buffered displ~ equipnent. This system, in turn, is being 

heavily supported by software systems embodying advanced higher-level 

progrenming languages, data management program systems, and executive and 

time-sharing techniques. This entire facility--the hardware am the software-­

will be made available on a time-shared basis for on-line, real-time experimental 

research. 

To exploit this advanced facility, we have been formulating a new 

generation of leviathan simulations, am programing is under Wa:f. The 

new program system will become operational in 1967. This system has been 

designed to realize seven objectives, all of which are made possible by the 

new disc file and the buffered display equipnent. The seven objectives follow. 

RADICAL AUTOMATION OF DATA ACCUMUIATION AND REOOCTION 

Our first objective is to increase radic~ the scope of automation 

that we have already achieved. High levels of autanation have already been 

attained in the at"eas of simulated technological operations, of reduct ion of 

data on these operations in real time as experir.lents progress, of intercommunico.tion 

vla displays, and of information feedback reports. Until now, however, we have 

had to r , ly heavily on traditional methods of experimental observation, data 

collection, and data reduction, such as the use of sound recording tape , 

observation via one--"Y glass, and manual item analysis and coding of collected 

data. Now our objective is tl1 abandon or, at the very least, to minimize 

drastically our use of these traditional techniques of observation. Why? 
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Intercamnunication in our simulations resembles that of large 

organizations in real life: In both, the process generates voluminous 

information. To be sure, we do not aim at realisticalzy imitating in the 

lnboretory the massive detail of real life; nevertheless, the indispensable 

minimum of information that we allow to be generated is still vecy large. We 

have found that the sheer logistics of managing this indispensabzy minimal 

flow is vecy costly in human resources. 

This burden will now be alleviated. Nearly all human interactions will 

be automated. The canputer will carcy almost the entire recording, coding, 

am analyzing load in a continuous flow, without manual assistance; and-­

literalzy--man-years of data handling, reduction, and coding effort will be 

abridged. 

In addition to these logistic gains, radical automation of data handling 

will have an even greater ~off--it will greatly facilitate control of our 

experiments. leviathan experiments, we saw, are open-ended, embracing subjects 

and experimenters in an interacting loop. &lbjects and exper:lmenters constantly 

inter-influence one another, the subjects by their interactions am their 

perfonnance and the experimenters by recponsively controlling the subjects' 
12 simulated social environment. This methodological approach requires that 

rapid, ever-current feedback infonnation be available to the experimenters 

concerning the subjects' patterns of interaction and concerning their systemic 

achievements. Many items of information have to be continually updated as a 

session unfolds; others have to be supplied within a few hours, at most, after 

its tennination. 
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In our 1964 experiments, feedback to the experimenters was only partially 

satisfactory. (a) Discrete feedback on subjects' perfonnance accomplisl1Dents, 

both at system and at canponent levels, was indeed provided to the experimenters 

on an ever-current basis, period by period. But (b) perspective over time was 

obtained only by having a team of students scan, analyze, and manually post 

the infoxmation as it was generated by the canputer. Computer-generated trended 

infoxmation was not available on a current basis; it could be had o~ after 

the close of each laboratory session, when the canputer produced it off line. 

As for feedback on the social transactions of the subjects with each 

other 9Jld with the robots, {c) o~ a fraction of this feedback was accessible 

in canputer-coded f'om. (d) Verbal interactions, furthermore, were monitored 

through traditional one-~ mirrors, later transcribed manually, and still 

later encoded and a.na:cyzed. (e) Also, systematic review and codification of 

the subjects' handwritten messages (there were more than 10,000 in 1964) were 

not available during laboratory operations. 

With the new program system, the computer will provide the experimenters 

with constantly updated trended infoxmation, graphically plotted representations, 

and evaluations of perfoxmance achievements. But more important, because the 

canputer will now monitor almost all subjects' transactions, it will provide 

ongoing current records of them as the experiments progress. These kinds of 

automated, canputer-generated feedback will, taken together, facilitate 

the open-ended conduct of leviathan experiments . 
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RADICAL AtJl'OOTION OF MAN-MACHINE llfl'ERC<HtUNICATION 

Our second objective is to perfect our man-machine intercamnunication 
techniques. As earzy as 1962, we developed and applied the principles and 

techniques for achieving structured, cod.able, natural-English dialogue 

directzy with the canputer, on a real-time, time-shared basis. This was 
accanplished by means of the Leviathan General Operator-Canputer Interaction 
(GOCI) programa.13 Extensive use of the GOCI system, however, could not be 
made, because of two drastic limitations imposed by the Philco computer. 

First, during our simulations, GOCI had to be interrupted every 15 minutes, 
14 in order to operate the rest of the Leviathan program system. n.iz-1ng the 

periods ',ihile the disp~ scopes were blank, we pennitted the subjects to 
substitute handwritten, free-fonn messages for GOCI messages. Second, even 
while GOCI was operating, the Philco canputer limited the expressive range of 
our pre-structured camnand language. Despite its inventory of three million 
well-formed expressions, the total vocabulary of the language was confined to 
less than 400 wrds taken fran natural English. Hand-written messages, 
consequentzy, could not be entirezy eliminated even while GOCI was operating. 

The core, drum, and disc capabilities, and the speed of the new Ilft1 360-65 
computer system, will henceforth allow all canponent programs of the Leviathan 
operating system to be interleaved with one another and mutual:cy time-shared. 
With the resulting parallel processing, it will no longer be necessary to 
inactivate the GOCI interaction language during any phase of the laboratory 
sessions. Hence GOCI will be ful:cy available to carry the burden of subjects' 
intercommunication. In addition, the new computer capabilities will eliminate 
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the second constraint: Now the vocabulary, and hence the expressive range, of the 

canputer-based, camnand language can be great~ amplified. 

TRANSACTION ANAU'SIS: BASAL CODING AND CIASSIFYING 

GOCI is structured as a tree; eveey route through the tree, starting at 

the trunk and terminating in a leaf, is pre-established as a well-formed English 

sentence. The alten1&te routes constitute the individual alternatives available 

to the subjects for expressing decisions. The propositions that the subjects select 

fran this tree-formed possibility space and the occasions of each selection 

constitute the history of the subjects' decision responses to their experimentally 

controlled environment. 

Each individual route through the tree means sanething different from all 

the other routes. Some routes are specific to the formal :f\mctional subsystems 

of authority 1n the hierarchy of canmand.; along these routes are formed sentences 

by which the subjects transfer robots fran one squad to another, establish 

priorities, direct the robots to route traffic over the processing stations in 

the technological system, and the like. Other routes are used to request 

specific forms of subjects' information feedback on the perfoi,nance of their 

technological system; others to establish contingency plans; am still others 

to organize and reorganize the live-robot structures of authority and functional 

specialization.15 All these possible routes through the trees can be classified 

by the experimenters. Such classifications wouhl constitute ~s of coding, 

differentiating, and counting subjects' responses. 

All the foregoing classes of activities will be automatically interpreted 

by the computer in the new formulation am. tallied according to individual 
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officer-subjects in the chain of ccmnand. They will also be aggregated for 

groups of officers ma.naging specific functional subsystems of fonnal authority, 

for levels of ccmmand, and for the entire system. 

still other types of classification will be made. The great~ augsnented. 

capacity of the new disp~ equipnent will enable the subjects to choose from 

among incaning messages according to sender, degree of urgency, am content­

classification of message. As the subjects make these choices, the computer 

will record recipients of messages, senders, ti.mes of receipt, de~s in 

transmi ssion, orders of choice; these will be associated with the specific 

routes through the tree selected by the subjects in the respective messages. 

If, in addition, a given message occasions a repzy, that message's association 

with the repzy will also be recorded. 

Fi~, the foregoing coding, counting, and correlating of subjects' 

decisions will be correlated. with enviromental changes imposed by the 

experimenters, am with different levels and kinds of perfonnance accomplishments 

being achieved by the subjects. 

These forms of coding, categorizing, counting, am correlating, being 

incorporated in the new leviathan formulation, will make realizable an aim 

long envisioned but not previouszy attainable by researchers into large social 

organizations. Hitherto, becaus~ of the difficulty in collecting data during 

an xperiment and coding it, the study of' decision interactions among the 

members of a group has been restricted to the domain of small, face-to-face 

groups; and even in this domain, there have been almost insuperable obstacles 

to the obtaining of objective and rigorous coding. With GOCI and with the 
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increased capacity of the new computing machinery, however, strict and rigorous 

'transaction' analysis will becane practicable in the study of large organizations. 

CONTROL OVER FORMAL ORGANIZATION GIVEN SUBJECTS 

Our fourth objective is to provide our subjects with autonomous and 

ongoing control over their own formal organizational structure. Hitherto this 

was not possible because of canputer constraints. Only the experimenters were 

able to :impose new formal organizational structures on the simulated organizations 

that the subjects managed. Basic fonnal organization therefore had to be 

exclusively an independent variable. Nor was there any~ to preserve ongoing 

corporate continuity through organizational change. Each time a new organizational 

configuration was imposed by the experimenters, the subjects had to start up a 

new organization from its very beginning. 

Now, in contrast, (a) the subjects will be free to alter fonnal 

organization at their discretion and at times of their own choosing. {b) They 

will be able to do this piecemeal or in toto. They will be able to change 

functional authority, territorial dcmain, and hierarchical assignments on the 

live command levels. And, in the robot technological system, they will be 

able to change basic configurations and processing activities. Every type of 

command that a live subject can give to a robot will be controlled by the 

subjects themselves: who may issue what kinds of cODlllands, in what territory, 

and at what period of play. {c) Finally, the subjects will be able to maintain 

the organic continuity of their simulated organization through whatever formal 

reconfigurations they elect to adopt. 

,, 
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Not o~ will the subjects be able to reorganize, but also the veey scope 
of their organizational control will be extended. Hitherto, again because of 
computer constraints, the responsibilities of live officers on the lowest level 
of command were high~ restricted in three of their four functional specialties. 
In the new formulation, the lowest-level live officers (the subjects) assigned 
to these three functional specialties will be able t-0 intervene with the robots 
in maey more significant ~s than were previously possibJ e. This will enable 
the subjects to distribute their decision-making responsibilities to a far 
greater extent across the several levels of cam:nand. In tum, greater autonomy 
will be possible in every office throughout the hierarchy. 

Introducing these two features into our s:imulations--unrestricted 
rec~g~l1izational autonomy and enriched subject responsibilities--opens a new 
and :important area for experimental investigation: the area of delegation and 
d ' stribution of authority and power in large organizations. The ability of 
our subjects to reorganize on their own initiative and on an ongoing basis 
enables us to convert organizational change into a dependent variable. 
Reorganization can now becane a response of the subjects to the environment 
imposed upon them by the experimenters. That this capability is of basic 
:importance to the future of large-group experimentation becomes manifest when 
we reflect that a fundamental re~ponse of large organizations to challenge and 
stress consists precisely in reorganizing their fo:nnal structures of authority 
and power. 

TRANSACTION ANAUSIS: ENCODING OF CHARTER AND NORM DEVEI.OFME?f.r 

Whenever reorganization occurs, to aey degree or extent, in the life of an 
organization, a kind of strategy- and policy-making activity takes plac~. 

• 
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Executives reflect, implicitly or explicitly, on their organization's charter, 

image, goals; they endeavor to translate these into operating assignments, 

procedures, and nonns w1 thin the organization. We have, as indicated above, 

considerable preliminary evidencP. that this translation process can be a most 

important element in improving organizational perfonnance. 

Our new comp.iting facilities enable us to make such charter and norm 

developnent fully overt and operational, without infringing on our subjects' 

decision-making freedom. This we accomplish as follows: Henceforth, when 

subjects assign and reassign specific responsibilities to one another as an 

experiment proceeds, these assignments will no longer be a matter of simple 

verbal expression, merely something that is said in spoken or written wrda 

and enforced by t&cit consent of the live managers. In the new fonnulation, 

the subjects must conmunicate to the computer all assigments of authority and 

responsibility among themselves. The computer then monitors and enforces all 

~ of authority: The subjects can compel the computer to report to specific 
individuals any transgressions of authority, that is, actions taken by individuals 
who have not been authorized. Even more, subjects can compel the computer to give 

or to take away the power of any individual to take specific actions over his 

computer interface equipnent. Furthermore, the very conditions for giving or 

taking away power, or for reporting transgressions, can, themselves, be specified 

to the computer by the subjects and established in it--for example, the subjects 
may establish that only when two-thirds or more of the members of the executive 

canmittee concur can the computer be used to expel any of its members from it. 
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By use of the foregoing techniques, the entire realm of the social:cy 
pennissible a'ld the social.:cy impennissible, of standing modes of carrying on 
the official activities of a large organization, of bureaucratic negotiation 
and cooperation and conflict, can be freely evolved and structured by the 
subjects themselves, specified. overtly to the computer, encoded and thereby 
"institutio ized." by the canputer, and laid open to experimental observation 
and measurement. Need.less to B'1', freedom to ext,rcise any of the above computer­
implemented controls can be given by the experimenters to the subjects, or 
systematical:cy vithheld, according to the design of a particular experiment. 
COMPUTER-BASED CO?frINGENCY PIANNING 

In the nev fo:nnulation, it vill be possible for subjects to declare 
i.nd.ividual interventions and entire sets of preplarmed interventions to the 
computer in a conditional or standby mode, to be implemented at a later period. 
In this V8'3' the subjects vill be able to build up, in the computer, families 
of contingency plans, any one of vhich they can then implement either en bloc 
or piecemeal, in response to agreed-upon situations. This kind of planning 
vill, in the nev programs, encanpe.ss not only technological operations of the 
robots, but also higher-level policy decisions and even entire schemes of 
reorganization. In particular, in aane experimental designs, the subjects will 
have the opportu.tt:y to form coalitions that will prepare, in various degreeo of 
secrecy, contingency ~lan• ror the enhancement of their pover. 

Coherence am inter.-,l consistency will not be imposed by the canputer 
on the planning proceaaea. Aa ·~ real life, the relevance, efficacy, consistency 
and coherence of plans will be achieved only through the efforts of the live 
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officers. The creative use of systematically ambiguous planning will not be 

inhibited by the program system. 

The importance of contingency planning in large organizations makes 

obvious the significance of the foregoing capabilities in the new program 

system. Not only will the subjects be compelled to formulate their plans 

explicitly over the computer, thereby ma.king manifest to the experimenters 

their basic attitudes towards their organization and its objectives, but also 

the process of developing these plans will be monitored and observed by the 

experimenters through the computer. Indeed, with greater autanation of data 

handling, we also foresee the possibility of using the computer to enhance the 

experimenters' contingency planning. For example, by using the computer to 

predict the outcomes of subjects' policy decisions, experimenters can gain time 

to plan for contingencies under which appropriate experimenters' interventions 

can be taken to shape subjects' future activity. 

ENIARGED SCOPE OF RFAL-TD1E FEEDBACC INFORMATION 

The new capabilities of the subjects to reorganize dynamically am piecemeal, 

to evolve procedures am norms, and to establish contingency plans will all require 

us to develop further our already highly flexible capability to furnish subjects 
16 with feedback-knowledge of results. Improvements wi~l st~ both from better 

means for delivering information to the subjects and from increased capacity of 

the computing machinery: 

(a) Electronic Transmission. It will becane possiJl to deliver a large 

proportion of feedback infonnatioi:i by electronic means directly over individual 

display scopes, and, shortly thereafter, for reference ~ 1rposes, in hard-copy 

.. 
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fonn over individual printing machines located in the individual booths. Once 

such feedback is available to a subject, he can elect to ignore it altogether 

or to receive it at his convenience. The order in which he receives individual 

items will be according to his choice. The timing and selection of choices will 

of course be recorded as part of the observational data collected for the 

experimenters. Not only will the timing of the l"f!Ceipt of feedback be far more 

accurate than heretofore, but it will also become far easier for the experimenters 

to be assured that received feedback intonnation actu~ is scanned by the 

subjects and to know for what feedback the subjects are willing to~ in tenns 

of their resources of robot energy. 

(b) New Fonns of Feedback. The canputer will be able to maintain far more 

canplete records of events as they occur within the robot-operated technological 

system that the subjects manage. As a result, important new fo:nns of feedback 

infonnation on technological operations will be made available to the subjects 

on an ongoing basis. Furthemore, whereas, with the present computer system, 

feedback intomation is presented only for the operation of the robot technological 

system, in the new fonnulation it will be possible to extend such feedback to 

encompass the reorganizing, the procedure- and nonn-developing, am. the planning 

and strategy-making activities of the executives.17 

(c) Evolv1ng1 Real-Time Data Base. In the existing program system, 
I 

real-time computer-generated feedback has had to be restricted to a span of 

one simJlated d~. In several experiments, the subjects have themselves, from 

time to time, obtained larger temporal perspectives of the history of their 

• 
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organization by manual techniques. In certain experiments we supplemented 

their on-line canputer-generated feedback with trended information prepared 

between laboratory sessions, but it has not been possible to provide such 

information on a regular basis during laboratory operations. 

In the new program system, the computer will be accumulating quantitative 

infonnation in real t:ime concerning all phases of the evolving organizational 

activity and will canbine these into a unified, developing data base. Once 

this data base is brought into being, canp.iter routines will continual~ update 

it. Then subjects will be able to interrogate this compilation at will for 

specific kinds of information and to obtain from it, upon request, historical 

information trended over varying spans of t:ime. 

The more expansive the time-horizons of information feedback, as the 

literature attests, the greater is the likelihood of more creative and more 

relevant high-level policy formation. Our new data-base and interrogation 

facilities should enable our subjects to attain levels of policy creation and 

implementation beyond aey realized thus far. 

The kinds of feedback and on-call information Just described p~ a major 

role in the every~, real-life management of large bureaucracies. Provision 

for their optional controlled introduction into our simulations will facilitate 

and promote the rigorous study of communication 8J¥i. inf'onnation potentials in 

large organizations. 
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TOWARDS A FORMALIZATION OF SOCIAL TRANSACTIONS 

The foregoing seven developnents in simulation technology extend 

canputerization to the danain of social transaction. In our nev foimulation, 

as we have seen, our subjects will be using the computer to exercise their more 

highly developed management authority, to structure their technological system, 

to establish am. enforce standing procedures and to assign and monitor all uses 

of authority among themselves, to establish contingency plans that can be 

implemented as wholes, to reorganize the formal structure of their management 

hierarcb1 either piecemeal or total~, am to structure the entire flow of 

feedback intonnation through their hierarcey. Such radical canpiterization 

has more than practical or logistic implications; by its means, a degree of 

formalization hitherto unattainable in the social sciences will becane possible. 

We shall now outline the elements am the theoretical implications of such 

formalization. 

EIEMElfrS OF THE FORMALIZATION 

Transa tion as Prestructured Unit: To take aey action over the computer, 

a subject intervenes with an overt, peysical, button-pishing act. Using the 

General Operator-Computer Interaction (GOCI) program, he ~ &'1, "Transfer 

agent ! to squad z;" or, "Assign priority ! to wrk units of kind z;" or he 

~ S'1, "! is authorized to issue z-type orders at stations !) or, "_!-type 

authorization requires concurrence of officer l.." Each such intervention is 

built into the canputer programs as a prestructured transactionlB or atanic 

intervent ·on am is available in the canputer for use by a subject when the 

subject elects to use it. 
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Possibility Space for Transactions: When a subject takes such an action, 

he selects it from the total domain of pre-established possible atomic transactions 

made available by the program system. Selections are made under constraints or 

boundary conditions imposed by fellow subjects or the experimenters. 

Range of a Transaction: The range over which each kind of intervention 

operates is prescribed by the canputer programs. Specific values in a range 

are represented as variables in the atomic transactions. Examples of these 

variables are signified by,!, z, and! in the four atanic transactions just 

cited. Thus, when a subject elects to take a social action--for example, when 

he authorizes a colleague to declare decision rules of a specific kind--the 

subject tells the ccmputer ::!h2, is authorized to issue what kind of decision 

rule to the robots at which station in the technological system. The range 

of his transaction includes live agents, decision rules, and territory. 

Freedom of Choice: While the conditions under which a social action can 

be taken and the extent of its range are prescribed for a subject, he is 

completely free to elect which action he will take and to which elements of its 

range of reference it will apply. The timing, sequence, and combination of 

transactions are all within the free choice of the subjects. As a matter of 

fact, the number of possible alternative constellations of transactions that the 

subjects can realize during an experiment is supra-astronanical. 

Consequences of Choice: All such actions translate the subjects' intents 

into overt changes in the organization: A resource is transferred, a new decision 

rule is given some robots, a new authorization or sanction is established, and 

so forth. Once any such action is taken, it thereafter affects the evolving 

social world in the laboratory. 
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Canprehensive Dcnain o,! Choices: These canputer-f'urnisbed transactions 
provide the subjects with the:lr entire repertory of possible social expression. 
The actions are mutually canpr~hensive; no possible social behavior lies outside 
this danain of actions, except for free person-to-person discourse, as permitted. 

An ana.1£,gy can be drawn to making music. A musician cannot make music 
without tones or an instrument; the instrument furnishes him with tones; hence 
his instrument supplies him with his entire danain of possibilities of musical 
expression, thereby prestructuring his musical universe of discourse; but he is 
free to select tones, to make them in specific ~s, to time them, to sequence 
them, to group them; and this is how ht: "freely creates" music. Similarly, 
the prestructured possible social actions within the canputer's program system 
can be viewed as the idian with which each subject expresses his organizational 
existence; what he expresses with this idiom is his response to the environments 
into which the experimenters take him. The subjects are completely free to 
develop their own rules, norms, and sanctions and to act as they see fit; 
neither the canputer nor the laboratory setting constrains this freedom. 

Entitative Social structure: The outcome of all the subjects' choices 
is the building, organizing, and continual developnent of a common social 
structure. As this structure crystallizes and changes, moreover, it assumes 
definite properties, coherence, and a palpable reality of its own, a reality 
that canes to resist sane changes and to facilitate, even induce, ot hers. 

Independent Observation by Computer: Whenever a subject acts, the 
computer automatically observes the action, without intruding upon the subject. 
Observation is totally extrinsic to and independent of subjects' actions; the 
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experimenters do not interfere with probes, questionnaires, or face-to-face 

interrogations that can affect the vecy phenomena they are designed to stuay.19 

The Behavior that is Observed: By ma.king the computer the instrument 

through which the subjects take their social actions, we canpel the subjects 

to express their decisions in overt, external, and observable behavior. What 

is observed, furthermore, is not subjects' opinions or interpretations of their 

own behavior, but rather the overt, realized social activity itself. 

Conceptual Encoding of Transaction: Computerizing social transaction 

provides the basis for its conceptual encoding. A necessary comition for 

aey action to take place over current digital computers is that the operation 
be a manipulation of Boolean sets or their members. In consequence, such 

computerized actions are classifiable, countable, and transformable by rule .. 

The computer therefore formulates the veey acts of social behavior in forms 

that are directly amenable to measurement, correlation, and subsequent higher­

leve : formalization. 

Higher-level Constructs: The conceptual encoding of social transaction 

that we have just outlined is only the beginning. Even the most tentative 

look ahead indicates that higher-level constructs, built on the foregoing 

encoding (or mathematization) of transaction, will be hierarchically organized. 

A natural structuring of levels is shown in Table 1. Besides the hierarchy 
shown in Table 11 there are other hierarchies that can be established in the 

computer; an example is the hierarchy generated by the following requests to 
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Table 1. Kirn of Action and Example, by level, in a Structure of' 
Social Actions That Will Be Taken over the Canputer 

level Kind of Action 

l Direct Robot Action 

2 Decision Rule 

3 Control Authorization 

4 20 Meta-Authorization 

5 Plan 

6 Contingency Plan 

1 Policy Authorization 

Example 

A• Transfer agent a to squads - - -
! • Assign priority R to work units~ 

C • Officer O may take action B - - -
D • Authorization C requires concurrence 
- of' officer 0' -

E • Meta-authorization D will be -implemented after ! intervals of time 

F • Plan E is to be instituted when 
contingency .s, eventuates 

G • Officer O" may institute contingency 
- plan! -

the computer: Report! to officer£, report ! to officer£', ••• , report Q 

to officer ft, where !, !, . . . , Q are the actions shown in Table 1. Ordinarizy 

these seven kinds of reports would not all go to aey singl~ office in the command 

pyramid, because the lower-level reports would be too d.etailed to interest the 

higher authorities and the higher-level reports might be too privileged to go 

routinezy to lower-echelon authorities. 

A hierarchy similar to that of reports would be generated by this request 

to the computer: Seek concurrence on X fran officer Y, where X successivezy 
• - - -

takes on the values i, 1}, • • • , Q of the transactions shown in Table 1, and y 

represents appropriate officers. 

It should be emphasized that the hierarcey in the foregoing structures is 

a logical one, escalating frcm the lowest to the higher levels. In actual 
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operations, "de-escalation" is necessary--no specific action can be taken on 

the technological levels without licit (or illicit) invocation of an entire 
21 higher-level authority structure. 

SIGNIFICANCE OF FORMALIZOO SOCIAL TRANSACTIONS 

Norwood Russell Hanson, in his book., Patterns of Discovery: An 
22 Inquiry into the Conceptual Foundations of Science, declares: 

Physical theories provide patterns within which data appear 
intelligible .... A theory is not pieced together fran observed 
phenomena; it is rather what makes it possible to observe 
phenomena. Theories put phenanena into systems. They are 
built up 'in reverse 1--retroductivezy. A theory is a cluster 
of conclusions in search of a premise. 

The systems that Hanson has in mind are, of course, quantitative, am the 

quantities range over orders of properties. To group phenomena into sorts 

and to relate these sorts--which he holds to be the accomplishment of theory 

in physical science--the phenomena first have to be drained of their qualitative 

particularities. The physical phenomena have to be formalized, and the formal 

concepts substituted for the particular phenomena. Precisezy such a program 

of fonnalizing social phenomena is what we are undertaking, in order to provide 

the foundations on which a theory of organizations can be built. 

The initial step toward theory construction in the social sciences is to 

recognize w!'lat are the ultimate .constituent elements of large social groups. 

We, in camnon with other social scientists, acknowled.8e these to be transactions. 

By focusing on transactions, we can begin to unrav~l such complexities of large 

organizations as those mentioned at the beginning of this paper. An. identical 

" 
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transaction, an aut horization, for example, can simultaneously enter into 

subsystem. integrations on diverse levels in different contexts in a social 

hierarchy, as it does in successive delegations of authority down and across 

a pyramid of romal authority. A transaction (again take an authorization as 

example) can be multiply located on these diverse levels in these different 

hierarchical contexts. Ot the essence of a transaction (such as an authorization) 

are its symbolic, humanistic, and dramatistic aspects. Although a transaction 

can take place at a specific moment -:>f time (for instance, when an authorization 

is pronounced), the transaction is not simply located in time. Indeed, if the 

transaction is an authorization, it is a ~re potentiality until exercised and 

ordinari~ does not teminate in aey specific use of authority. To continue 

with the example of an authorization: the uses of authority generally occur 

intemittently, not with~ regular cyclical flow. And a transaction (such as 

an authorization) can enter into multiple interaction with social environments, 

as when an agent of an organization successively speaks in its name, binds it 

in a canpact, dispenses of its resources. 

In real organizations and in simulations as they develop in the laboratory, 

every transaction is unique, particular, and non-recurrent. Each has its 

individual affective tone, is uttered just once by a real person, accomplishes 

a specific effect at a historical, unrepeatable manent of time. For theory 

construction, however, we are not interested in transact ions for their individual 

idiosyncracies or eventuation in historical time, as might .be a .drama critic or 

a psychiatrist. Our concem instead is to formalize transactions, reduce them 

to basic types, and render them operational and overt. But Just such a draining 
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of particularity, such a fonnalization, can be achieved in a computer-based 

laboratory. Subjects can translate their human, dramatistic intentions into 

overt behavior.23 This they can do, if they declare their intentions to a 

canputer whose cycling digits have been coded logically or qualitatively and 

have been made to sustain a concrete, ongoing bureaucracy. In front of the 

laboratory facade, transactions CJ.re particular, palpable, and humanly meaningful 

events--the transactions support conflict, negotiation, control, governance. In 

the computer, behind the facade, the transactions becane purged of particularity 

and are rendered abstract and formal. They can then be recorded in the course 

of public (nondramatic) clock time, grouped into sorts, counted, and correlated 

with each other and with events in the laboratory environment. 

These fonnal translations of social actions are, then, the elements that 

can be united in intelligible patterns. It is precisely this abstract fonnali ty 

that renders subjects' concrete actions intelligible. Higher-level patterning 

or theory construction--when social scientists shall have the wit to discern 

such patterning--will increase intelligibility. With superior intelligibility 

will cane control, by social scientists, over their phenomena. And with control, 

an ascending spiral of experimentation and higher-level theoretical construction 

will cane to pass. 
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FOOl'NOTES 

1. Hierarchies of this kind present problems of f\unamental importance for 
modern symbolic logic. A theoretical discussion of the failure of 
contemporary logic to represent their structure is contained in our 
"Fonnal Representation of Intentionally Structured Systems," Information 
Retrieval and Machine Translation, Kent (Ed.), Interscience, New York, 1960, 
Chap. 12. 

2. See our discussion in "leviathan: An Experimental Study of large Organizations 
with the Aid of Canputers," Studies on Behavior in Orr.nizations, Bowers (Ed.), 
University of Georgia Press, Athens, 1966, PP• 259-27. 

3. Abstract gent!rality is achieved by formulating the system of canputer programs 
in highly general tems. The same system can then be used to simulate 
elements that are CClllllOn and basic to a considerable variety of organizations. 
Any apecitic simulation is mounted by punching decks of parameter cards and 
feeding these into a canputer ( or by reading parameter values directly i nto 
data input teminals of a canputer) • The canputer program system itself is 
indeteminate until it is supplied with its parameter values. Therefore 
the program set is invariant from 8.1\Y one 't')()Ssible simulation to aey other, 
and it is camnon to all. This guarantees that the basic fonnulation under­
lying all of a set of simulations is theoretical am general. Abstract 
generality can accordingly be realized. 

4. Developnent of the formal and quantitative theoretical aspects of the 
leviathan research program has been supported in part by the u. s. Air 
Force Office of Scientific Research (Information Sciences Directorate), 
of the Office of Aerospace Research under Contract No. AF 49(638)-1188. 
The ~viathan computer programs have been am are being realized principally 
by Mildred Almquist and Robert E. Krouse. laboratory manager is Stanley 
Terebinski. 

5. Four types of fomal organization have been realized to date in the laboratory. 
These are described in our "Camnunication and large Organizations," SDC 
document SP-1690. (Published in somewhat condensed fonn as "Progrenming 
the aireaucratic Canputer," lEEE Spectrum, 1( 12), December 1964.) Single 
copies of this am. other SDC documents referenced in this paper may be 
obtained by writing to the Technical Information Office, R&T Div., SDC, 
2500 Colorado Ave., Santa J.bnica, C&lif, 9()406. 

6. Ibid. , pp. 21-24 • 

7. Described in our "leviathan and Information Handling in large Organizations," 
Electronic Information Ham.ling, Kent and Taulbee (Eds.), Spartan Books and 
Macmillan, Washington and London, 1965, Chap. 16, pp. 170-184. 
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8. See Electronic Infonnation Handling, pp. 165-170; "The leviathan Technique 
for Effecting and 1-k>nitoring Live-Artificial Communications," SDC document 
TM-761; "GOCI: A General-Purpose Vehicle to Assist System Camnunication," 
by Mildred Almquist, SDC document TM-805. 

9. See our "On Assessing the Effectiveness of Administering Priorities in 
Infonnation Systems," Proceedings, Tenth Military Operations Research 
Symposium, 2(2), Part I, Fall 1962 (also available as SOC document SP-1059) , 
An error in-this document has been corrected in the operating program. 

10. These are reported in initial fonn in "Communication and large Organizations," 
in Electronic Infonnation Handling, pp. 184-191; and in "leviathan," SDC 
Magazine, ~(4), April, 1965, PP• 21-25. -
Other findings are treated in our "Humanistic Research in large Social 
Organizations," in The Challenge of Humanistic Psychology Todlg', atgental 
(&i.), McGraw-Hill, New York, N. Y., in press. 

11. ltiC 49-bit word core, 32K dnmi, eight tape drives. 

12. Open-ended strategy of this nature is generally characteristic of decision­
theoretic experimentation, in which results shape an evolving design during 
the conduct of an experiment. 

13. See Note 8 above . 

14. GOCI was taken off the air and replaced by a series of programs that first 
interpreted and implemented the subjects' cam:nand.s to the robots, then 
simulated the productive work of the organization, next analyzed the results 
of this simulation in a data reduction program, and finally caused the high­
speed printer, operating on-line with the canputer, to prepare hard-copy 
feedback infonnation for the subjects. 

15. Maey of these routes cannot be implemented with the existing canputing 
machinery but will be implemented in the new facility described below. 

16. See Electronic Infonnation Handling, pp. 161-192, for descriptions of some 
of the present capabilities. 

17. All these activities will incur overhead costs, i.e., they will draw on 
the subjects' resources of robot energy. 

18. Transactions constitute a subset of human actions, namely, those actions 
which are intrinsically social. An example is the Hebraic notion of a 
covenant, compact, or contract; to contract is not meaningful unless more than one agent is involved in the action. 

19. The subjects are, of course, told initially that their actions over the 
computer are recorded. 
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20. Authorizations can themselves generate a hierarchy of authorizations by 
recursively requiring higher-level authorizations. Ordinarily each higher­
level authorization is vested in an office that is higher in the chain of 
comn&M than that which authorizes a lower-level authorization. The ever­
ascending chain of authorizations of authorizations ultimately ems in the 
sovereign authority, and delegation ordinarily breaks the chaining of 
recursions. 

21. These hierarchical structures serve to fonnalize basic elements in the 
social "I.ebenswelt" of contemporary phenomenological investigations; the 
phenanenological discussion, however, is outside the scope of this report. 
These also are intentional structures of the kind that would be treated 
symbolicalzy were intentional logi~ fonnalized: cf. "Fonnal Representation 
of Intentionally Structured Systems," Infonnation Retrieval and Machine 
Translation, "Class Inclusion, Cl.ass Membership, and Intension, 11 pp. 471-72. 

22. Cambridge, 1965, P• 90. 

23. Hence operant shaping of subjects' developnent is effected by experimenters 
with human subjects. Two advantages over animal instruction are possible 
in canputer-based environments of the Kind we are describing: First, the 
rewards and punishments need not be extrinsic (pennies, candy) but can be 
intrinsic, namely, the subjects' social achievement in making their 
organizations operate at higher levels of accomplishment. Second, the 
behavior to be inculcated need not be determined in advance. Rather than 
training a pigeon to dance a predetennined figure eight, subjects can be 
brought to develop qualities that they first exhibit to experimenters in 
incipient fonn. The experimenters, like any canpetent teachers, opportun­
isticalzy seize on any fonns of excellence that manifest themselves in 
the laboratory and, by controlling subjects' environments, enable them 
operantly to share their own rise to higher perfection. 
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