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If several persons agree to follow a certain set ¢f rules we shall

say ~ just for the purpose of this paper and without quarreling with other

existing definitions - that they are mem-ers of an orpanization. Ve

shall call this set of rules, the organizational form or constitution,

The rules that the members are supposed to obey deal with their
actions, mutual communications, and observations. Typically such a rule
{also called "role" by sociologists, I believe) states what a given

meriber should do when he receives information,
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Deing means here aither
(1) dimpinging en the werld eutside of the greup of peeple forming

the organization: we call this action; er

(2) sending to or receiving a messapge frem another member; we call this

internal communication (and for brevity often omit the word

winternalh); er

(3) receiving messages from the outside world; we call this observation.

For example, an action may consist in adding fuel to a heater, in
driving a truck, or in writing te a client, A communication may consist in
giving an order to a subordinate, a report to the boss, a speech at the
board meeting, An observation may consist in readimg a newspaper, a
clientts letter, the report of a market research agency,

It is convenient to extemd the term "communication with another
number to the case of "communication with one's own memory." Cormitting
a received message to one's memory ("Filing"), or digging out past informa-
tion. A cross-section of what is being done within an organization
during a glven period of time is schematically represented by a matrix

(Fig. 1) which may clarify the logic of our concepis,

RECEIVER
0 1 2 ...
0 (0,0) (0,1) (0,2)
1 (3,0) (1,1) (1,2)
2 (2,0) (2,1) ( 2,2)

Figure 1: A matrix of actions, observations

and intermal communications,
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The cell (1,2) would be filled with the description of messapos sent
by member 1 to member 2; the cell (2,1) would contain messarcs in the
oeppesite directien. The rew and the column marked "zero! represent
the outside world; hence the cbservations being made by member 1 would
be entered in the cell (0,1); and the actions of member 1 (interpreted
as "messages to the outside werld") would be entered in (1,0), The
dlagonal cells = (1,1), (2,2) sees - are filled with communications
between a member and his memory; with the exception of the cell (0,0)
which naturally summarizes all those extarnal events that do not im-
pinge upon, nor are influenced by, the organization's deings.

In general, an erganization member acts, commmnicates, or observes
in a given period of time in response to some "message™ that he has
received from the outside world or from a member (pessibly himself), in
the preceding peried(s). As we have indicated at the beginning, the
organizational ferm consists of rules that describe "whe should do
what in response to what information?t Schematically, the rules state
that if the cells of the matrix in Fig., 1 had certain contents during
a2 given week(s) they should be filled in a certain fashion in the
next week,

It would help fo understand the workings of an organization if,
instead of the usual "organization chart" one could have the description -
if only a very rough one - of "who does what in response to what informa-
tion?"

A description of the rules of action and communication that are
in actual use in a givem organization (though possibly are rot the

officially proclaimed ones) would also help to improve them, The set
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of rules can be geood, less pood, bad., One set of rules is better - eor

more efficient - than another if, on the average, it is more conducive

te achieving the organization's goals.

Ist us discuss this evaluation of rules - and hence eof organizational
forms - acccrdingto their efficiemcy, - in some more detall., As sr often,
it helps te begin with a simple, limiting case: the one-man orgamizatien,
the rules for a single decisiem-maker. They prescribe what he shall de
in respense to a given information. Again, his doing means action
(impinging upon outside werld), cbservation (eof the eutside world) or
internal commmication (in this case, with his memory only). One rule

is more efficient than another if, on the average, it is more likely te

further the decision-maker's goals,

I have just said Yem the average!, because the eutcome of a person's

doings depends, of ceurse, gn the chance events of the eubtside world, and
not only en his manner of acting., No soldier, no farmer claims
the gift of prophecy. Every businessman knows that business involves
gambling, He acts en the basis of more or less founded ideas of how
likely is the demand fer his product to rise or to fallj or how likely
is an inventien te succeed or to failj and se on., In short, he acts
on the basis of some approximate knowledge of, or som® hunches about,
the probabilities ef pessible events, More or less consciously he
estimates, in effect, the probability with which a given decision of
his will lead to one result rather than teo another result.

The decision maker cannct control the external events, such as the
publicts demand ina widely competitive market, or the government policies

that lead to inflation or deflation; he can enly estimate the preobabilities
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of such events. But he can control his own decisions, He chooses,
from among several decisions open to him, that decision which, measured
on his goals, leads on the average, to better (er, at least, not worse)
results than other possible decisions. One calls such decisions, good,
or more technicall, optimal decisions; (avoiding the term "best decisions",
as two decisions may be equally good); or efficient decisions,.

The description just given presupposes the simple but rather excep-

tional case of "ene-shot decisiona": the case when no considaratien is

given to the fact that teday's decisien may affect the outcome of te-

morrew's decisien, Yet 1little thought suffices te extend the concept

of efficient decisions alse to the mere interesting, mere usual, and more

general case when the phrase "sufficient unto the day is the evil thereef"

is not valid, In this more general case one makes fdecisions abeut

future decisions", one choses "maxims of behavior", also called

"sequential decisions", strategies, or, in our terminology, decisions

rules, Faced with an umknown sequence of future events, the decision-

maker chooses, not enly what to do today, but also (more or less roughly)

how to respond to each of the various possible events of tomorrow and of

the day after, and of a still later day. In this choice he is guided

by some (more or less vague, more or less conscious) estimates of probe

abilities: so that, again, an efficient decision rule is one that, on

the average, produces good results, in terms of the decision-makerts goals,
Clearly this is an idealized picture, a norm, a piece of legic net of

psychology. To prefer efficiency te inefficiency is itself a norm. Is

it therefore a uselass exercise? I don't think se. Psychologists tell us

how often, amd by what kind of people, certain leogical - or, for that matter,

arithmetical - errers are madej this does not make arithmetic and legic useless,
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In fact, we do try to teach children arithmetic., We are concerned

when our students lack legic, And, I suppese, teachers of Business and
of Military Art are rather anxious to inculcate the ability of efficient
decision,

Cur picture eof efficient decision-making is un-psychelogical alse
in another important way; it is not true that a man has consistent goals,
or values {on which to measure efficiency), It is an idealization to
say that a businessman (as such) tries to make, on the averape, a large
profit, and that the military man tries to act so as to make victory as
probable as pessible, Again, I believe this idealization is not useless
(measured on the goals of those who try to improve the workings of
businessmen or ef generals),

We now return to the general case, the several-men organization., The
extension to this case of the concept of decision rules just defined for
the special case, the ene-man organizatien, is obvious: the "rule" is
replaced by a "set of rules" (one for each member); and the concept of
internal communication is widened to the scope given it at the very
beginning ef the paper., It is the concept of the goals (or values) that
seems te present difficulties, If, psycholegically, even a single man
may lack consistency ef values, what to say of a group of several?

Nonetheless, it 1s possible to evaluate the efficiency eof an organiza=

tional form, for a given goal. A business concern may be inefficient in

profit-making but efficient in making its executives love each other,

Once the goal is stated, the same logical tools apply.
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One empirically useful approadh is to estimate the efficiency of
an organizational form by taking as the goal a high chance of survival,
A census of existing organizationalforms ins ome centuries-old field
(@sBey that of religious organizations, or of small handicraft or of
family farming), may confirm that certoin mles of action and cormunication,
in this particuwlar field, are more viable than others; they have, in the
anthropelogists! lamguage, a higher "survival value," Such empiricsl
confirmation on evelutionary grounds is, however, true only if one has
the right to assume that the envirenment (that is, the proebability dis.
tributien of the relevant external conditions) has not changed signifie
cantly in the courss of time,

Whether the investigator chooses viability or some other goal as
the criterion to compare the efficiency of organizational forms in a
given field of activity, this goal need not coincide with the geoals of
any of the members of the organization., Such coincidence is improbable,
if only becauss the individual goals are, in general, not identical
among themselves,

This independence of the organizational goal (as chosen by the
':I.nvestigater) fremthe individual mals does not make, by any means, the
efficiency judgments meaningless, It is certainly pessible te judge
the efficiency of a business corporation in terms, say, of its apgpregate
profits over the next two generations, without postulating this tec be
the goal of any of the executives or stockholders, Nor doss the frequemt
praise of the efficiency of the Reman Catholic Church necessarily imply

that it In 5 served well the individual aims of all its pepes, bisheps
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This raises the preblem of incentives, Organization rules cam
be devised in such a way that, if every member pursues his ewn geal, the
goal of the erganization is served, This is exemplified in practice by
benuses to executives and the promise of loot te besieging seldierss

and in theory, by the(idealized) model of the laissag-faire economy.

and there exist, of ceurse, also megative incentives (pumishments),

I shall have te leave the problemof incentives aside, In what
follows, we shall not be cemcerned with individual geals, If they
still lurk in yeur mind, inhibiting ‘wur understanding each ether, you
can make the assumptien (actually unnecessary for what follews) that
the members ef the business srganization Iam geing te discuss are
partners sharing the prefits equally; er that sems perfect system ef
incent‘,ives is eperating. In shori, you may thimk of a *_h_e_ia_m_. My main
purpese is to 1llustrate hew varieus erganizational f exms can be
compared, and an eptimal eme chessn, given the erganizatiemts goal,

Sﬁppose s shipbuilding firm has twe docks: am old ene and 2 new,
mechanized ene. The fermer has higher eperational cests (mainly laber)
and the difference depends enthe deockwerkers! wage rates (same in beth

decks). Suppese further the firm has twe sales representatives, each ina differ-

ent market, We shall call the twe markets East and West, Each represent-
ative receives price effers (erders for ships) im his market: this is
his piece of infermatiem. The preduction mamager, em the other hamd, lmews
the current wage rate amd hence the preductien cests. Suppese the
eperatienal cests per ship are

in the new deck: 20

in the old deck: 35
(we meglect capital charges and other nen-operatiemal, fixed costs as
they must be paid in any case and therefere cammelt affect the cheice ef

a decisiem). Suppese the prices effered by a cliemt te a salesman are
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29 21

Clearly if the productien manager and the two sales representatives sit
in conference thev will take the following decisien as the best ene:
use the new dock for the Eastern client (making a profit of 29 - 20 = 9),
reject the Western offer, leave the old dock idle. Instead of having a
conference, they might also reach this same decision by each salesman's
first reporting the local price te the production manager and then receiving
from him the instruction to accept or reject the offer,

But cenferences and other forms of extensive communications take time

and money, especially im the form of salaries to busy executives, We ask
thersfere: TIs it always best to "centralize® all decisions, i.e., base

them on all available imformation cellected at seme conference er head-

quarters? Under what circumstances is such centralizatien justified?
When is it, on the contrary, more economical to let the local, or the

specialized, persons go ahead on the basis of their own limited informatlion

even if this may invelve occasional risks? And what sheuld this limited
information be? Sheuld, im eur example, a sales representative be cone
stantly informed of the fluctuations in preductien cest, though met of the
fluctuations in ﬁarkets ether than his own? Or ceuld eone leave him even
witheut The cost infermation? Furthermere, sach type eof information can

be used in a variety ef ways, applying different rules of action, For

esxample, if each salesman knews the proeduction cests in both docks and

has the pewer to accept ef reject offers in ignerance of prices in markets
sther than his own, at what prices should he accept effers, so as to minimize
the risk of forcing the firm inte the use of the old deck at teoo small

a profit or even at a less?
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In spite of its artificial simplicity our example may throw light on
a fairly large class of practical problems, These arise whenever several
decision makers share the same limited facilities, and the umit cost te
the firm increases with output. Instead of two docks, one might think
of several planis; er one can replace the '"new deck!" by m"operations during
the normal working day of the wage earmers," and the "eld deck" by "evertime
work at sxtra pay." Alse, instead of "lecal prices" eme might think, fer
products like bread, of "expected lecal demand" (as is the case with the
sales organizatien of bakeries, a problem that has been studied by C, B,
McGuire at the Cowles Foundatien, Yale University, and that has in part
suggested the example T use here), Thus, many aspects of our "shipyard"

example carry over into other fields, #*

% In collzboration with Roy Radner, now at the University of California,

the author has attempted to classify various models of teams on the basis

of their mathematical properties. Such models are relevant to many aspects

of business such as production, promotion of sales, speculation, etc,

A book on the economic theory of teams is being prepared, ©See alsc the authort's

"Elements for a Theery of Teams" in Management Science, Jamary 19553

and "Tewards an Economic Theory of Organization and Information" in

Decision Processes (Thrall, Coombs and Davis, editers)}, John Wiley and

Sons, New York, 195L.
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To return Yo our problem: We want to find, for each system of
communications, optimal rule of action for each sales representative,
ises, that rule of action which results inthe highest average profit
attaimable with this communication system. We may call this the maximum

gross average profit. Deducting the communication cost (i.e., mainly the

executives! salaries chargeable to communications) necessary to maintain

the particular communication system one obtains the (maximum) net average

profit of the organizational form that is characterized by the commmication
system and by the best rules of action appropriate to it,

If, for example, the average profit of a 'centralized" decision system
is only slightly higher than that of some "decentralized" system (assuming
that the appropriate optimal rules of action are used in each case) then
the centralized system will Imve to be rejected, unless the added commni-
cation costs that it requires are also slight,

To illustrate, assume that the operational costs inthe two docks
(20 and 3% respectively) are constant; it is only the prices offered
that vary. To figure out in advance the best rules of action, one needs
to have an idea of the likely price situations., For simplicity, assume
that the prices in the two markets obey the law of chance given in Figure 2,
That is, with probability. .l both prices are high; with probability .u
they are both low; with probability .1l the Eastern price is high and the
Western low: finally, with probability .1 the price is high in the West
and low in the East., (Thus marksts are supposed to be more likely to move
in the same than in opposite directions), We have further supposed that
while the average price is the same ( ® 30) in both markets, the Eastern
price jumps more vioclently: from the "low" of 21 to the "high" of 393 whereas
the Western "low" is 29 and its "high" is 31 (no intermediate prices in any

market; this simplifies the arithmetic).
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EAST
High Low Total
(=39)  (=21) probability
High
(=31) .k o1 o5
WEST
- 1
Low
(=29) .1 ol o5
Total
probability 5 5 1.0
Average Price
price spread
East 30 18
West 30 2

Correlation coefficient s .6

Figure 2., Probability distribution of prices

offered in two markets

Under the centralized system the head office will clearly choose the
following rule as optimal: a ship will be built in the new dock, for the
Eastern client if his price is high, for the Western client if the
Eastern price is low; the old dock will lay idle (at least as long as
the assumed costs remain unchanged). This rule and the resulting profits

are shown thus:



Prices: Offer
Fast West _____accepted Profit Probability
39 31 East 39-20w-19 Ll
39 29 East 39 - 20 = 19 oL
21 31 West 31-20w= 11 ol
21 29 West 29 =20m 9 ol

Average Profit: 1l.2

Figure 3. Optimal decision rule ina

centralized firm,

The average profit = (19) (o) + (19) (41) + (11) (.1) + (9) (JL) = 13,2
It is easy to see that any other rule, under a centralized system, will
yield a lower average profit.

Now, assuming the same cost and price conditions, consider the following

form of a "decentralized" system: each sales representative accepts or

rejects local offers in ignorance of the price in the other market. Clearly
there are four possible rules for each sales representativet (1) accept
only if the price offered to you is high; (2) accept only if that price
is low {a paradoxical yet reasonable rule, a s we shall see}); (3) accept
at either price; (L) never accept « i.e., go fishing. Hence there are
L x i ® 16 possible pairs of rules for the pair of salesmen. For each
pair of rules one can compute, as before, the average profit,
It may seem a paradox, but the following pair of rules turns out
to be optimal: the Eastern salesman should accept offers at the high price

only; but the Westerner should accept offers at the low price only, With

these rules, the average profit is (19) (L) + (13) (L1) + (0) (1) + (9) (L) =

12,5, computed as follows:
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Prices: Offer
East West accepted ~ Profit Probability
39 31 East 39 - 20 =19 ol
39 29 East and West 39 + 25 = 35 =~ 20 = 13 ol
2l 31 None 0 ol
2l 29 West 29 = 20 = 9 olt

Average profit: 12,5

Figure L. Optimal decision rule in a

decentralized firm.

Similar computations show that the next best pair of rules is for
the Easterner to accept at high price only and for the Westerner to accept
in any case (average profit = 12), The rule that ranks third (with average
profit = 10) is: elther the Bast or the West agency should close shop,
the other should accept offer at any price. The ranking of such rules
would turn out to be a different one if T had not purposely chosen numbers
that lead to & "paradox" ~ i,e., to a correct soclubtion that may not seem
right at the first sight., It serves to illustrate the need for some
formal thinking and reckoning. The solution becomes plausible if you
remember that under our assumption a low Western price of 29 is likely
(with odds as high as 4 : 1) to be accompanied by a still lower Eastern
price of 213 while a high Western price of 31 is likely (with high odds again)
to be accompanied by a still higher Eastern price of 39, This justifies,
on the average, the Westerner's acceptance of a low-price offer, and his
rejection of a higheprice offer, to diminish the risk of forcing the firm

into using the second, inefficient dock at a less,
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We thus find that the "decentralized" system (as defined) yields,
under the best rules, an average profit that is 1,7 ( = 14,2 ~ 12.5) below
the highest average profit attainable under the "centralized" system,

Therefore, if the additional communication cost implied in the centralized

system exceeds 1.7, we shall reject it; if it is less than 1.7, we accept
centralization,
The answer to every problem depends on the *givens' of the problem,

In every team problem, the "givens" are: (1) the payoff{ function® i,s.,

the formula that shows how profit depends on the decision (in our case
the decision to accept or reject an offer) and on the external states
(in our case the two prices): as shown, for example, in the "profit"

column of my two tables; (2) the probabilities function which states the

probabilities with which the various possible external states are likely to

oceury and (3) the organization cost function which attaches 2 cost to each

of the organizational forms under consideration.

With regard to the payoff function, one can say, in general, that

more communication is Jjustified when the payoff function involves

"complementarity” between the members! actions, inthe following sense:

the effect of one member's actions, depends on what his colleague is doing.
This was certainly so in our example, because of the high production'cost in
the old dock, If the two docks were equally efficient the need for commni-
cation and, hemece, the advantage of centralization would be smaller.

There is a high complementarity, and therefore strong need for communica-~
tion, among the station-masters of a railroad; but, I presume, little

complimentarity between the branch managers of Sears Roebuck,
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Another property of the pavoff function which, if present, calls

for communication is the existence of "multiple optima.," It is aqually

good for g1l to ride on the right side, or for all to ride on theleft
side of the road (as they do in En:land); but someone has to play the
role of a coordinator. Time-schedules for group work are often of the
same naturej We needed an organizer to have all participants of this
symposium to come to this place at this time, although some other place
and time might be equally good,

In our case, I had mentioned a pair of rules of action under which

one of the two salesmen ~ Eegardless which « should always accept offers

(at least as long as production ¢ osts remained as they were) while the
other should not accept any. This pair of rules ranked third but it
would become an optimal one under different mumeriral sssumptions., But
then there would be actually two pairs of rules to choose among: either
the Westerner or the Easterner should be the one always to accept offers,
Thus a coordinator is needed because there are two equally good solutions.,

We have also seen how the probability distribution of nonecontrolled

svents (prices, in our case) affects the solution, Our "paradoxical®
solution was due to a high correlation between the two prices and to the
fact that orne of them had a higher range of variation than the other,
Common sense can add a few more guesses aboub the way in which the nature
of the probability distribution affects the choice between various forms
of commnication, T amwilling to pay a lot for information on future
prices of stocks, not of bonds; for the higher the variability of a thing
the more useful it is to learn about its state, Further, I am not willing
to pay much for special information about the price of a stock if it is

strongly correlated with some other prics, which I know anyhow,
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To obtain other useful theorems about the way in which the payoff
function and the probability distribution may affect the ranking of
various organizational forms, one has to dig deeper, gathering factual
knowledge abOft live organizations {see my earlier remarks on the deficiency
of mere "organizahion charts")} and interpreting it logically and mathematically,

One important gap has to be closed: our ignorance of the communication

costs, We need measurements of the executives! efficiency in using their
time - a subject on which, I think, psychologists are working, What we
need is sometning corresponding to, but more appropriate than the TeQes
We need a special "E.Q," (executive quotient), The T.Q, scale is essentially
nothing but the statistical distribution of a large sample of American
c¢hildren with respect to their performance of certain tasks, For examplé,
"ToQe = 100" is a set of tasks that 50 per cent of all children can
perform (the "median" performance), We need, similarly, a statistical
distribution of American executive abilities, as measured by performance
truly relevant to efficient communication and decision making,

On Figure 5, the three given functions - the probability function,
the payoff function, and the orpanizational cost function are represented
by boxes: they are “operators"; transforming "inputs" into "outputs" as
indicated by arrows. Those three functions, or operators, are given; that
is, they are not controlled by the organizer, But two other operators
(boxes) = the information rule and the action rule - are chosen by him,
rather than given to himj; and the investigator can compare them with other
rules for greater or smaller efficiency, ZEach input or output is an element
of some set; represented by a circle. For example, a particular "external

state" 1s operated upon in three places: together with a particular "action, "
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it determines the particular gross payeff, depending on the payoff
function; second the external state has its probability, depending

on the given probability functionj third, depending on the chosen
information rule, the external state will result in a given state of
information. The information rule and the actionrule can he chosen
each out of a set of such rules -~ represented by dotted circles (thus
the two boxes drawn are only typlcal of other elements of the sets of
possible rules of action and information), The two rules are chosen so

as to make the net average payoff as high as possible; it is the

difference between average gross payoff and average organizational cost;

the circles representing these two variables (sets) are distinguished by
an aura to emphasize that they are "goal' variables, in light of
which the efficiency of rules is judged.

There is no need, in a group like yours, to expand on the differences
between a "model" and the "reality," and on the usefulness of models
for both understanding and improving practical solutions. My "shipyard"
model is easily made more realistic and more complicated, Its soluﬁions
would then transgress simple arithmetic, needed for a presentation like

this one, and call for more powerful mathematics and machines, (In fact,

the "bakery" problem mentioned above turns out to be one in linear programni::

Even then, the main service one can expect from organization models is to
clarify the general logical lines of a practical problem, This clears
the ground for the more subtle aspects of the practical problem that escaps

formalization and call for so-called intuition judgment, Even the best

biochemist will not replace a good restaurant chef, Yet biochemical analysis,

has, in fact, improved our fooda



