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Abstract

"Control organizations" are defined in this research as organizations
which do not produce anything themselves, but which impinge on one or more
productive organizations or operating entities, modifying what these
entities produce or otherwise affecting their behavior. From new work
on the definition and structural classification of control organizations

and a discussion of thelr intervention processes and modes of interaction

with operating entities, a proposed program of laboratory experimentation
is developed.

The laboratory experiments will have empirical reference available
from previous research in several flelds., Experiments will be designed
to give insight into such questions as : (1) What are the effects of
varying the frequency and the informational detail of contact between
the control organization and the operating entities? (2) How does the
control organization differ as a function of the homogeneity or hetero-
geneity of the set of entities with which it must Interact? (3) What
are the effects of intervention at different decision-points in the
operating entities? (l) What are the effects of varying the mix of

incentives and sanctions in the control relationships?



“"Control Organizations” and Their Interactions with

Operating Entities: An Experimental Investigalico

1. The Nature of "Control Organizations”

Productive organizations, or operating entities, use economically
valuable resources to produce specific desired outputs. Whether tThese are
"market-sector” or "public-sector” operating entities, they are ordirarily

construed to have outputs that can be evaluated either by the market-plsce
or by some procedure of public Jjudgments; and they face an efficiency
discipline, either through the market or, again, through public Judgmesnt,
that relates the desired outputs to the costly productive resgursez that
must be used.

A "control organization” may be defined for the purposes of
research as an organization that impinges upon one or mcre of these
operating entities. The control organization may, like the reguiatory
agencies in the public-utilities field, supply valusticzm (price!
or set qualitative-service requirements. It may, as in the Tield of
environmental protection, impose limitations on the production choices
that operating entities are allowed to make; or it may be the hegdquarter
of a multi-unit corporation or of a public organirvatiozn having mimer-us
dispersed operating units, its function being to set and enforce
performance standards for these operating units, allocate budgetary
resources among them, and determine strategic directions for the whole.

The essence of it is that the control organization does not produce

any direct, opersting outputs wvhatever, but is, rather, a sonscious




constrainer of what the managers of the operating entities may do as they
7o about the tasks of economic production.

By defining explicitly this functional separation between the output-
producing entities and those that exist purely for purposes of control, we
have been able to set forth a detailed conceptual argument and a structural
classification of control organizations in the accompanying paper, "On the
Definitional Properties of Economic Control Organizations, and Some
Structural Distinctions among Types" (Berkeley, Center for Research in
Management Science, University of California, CP-395, March 1977). That
paper is Appendix A of this proposal.

We summarize briefly the types of control organization that have been
identified, referring the reader to that paper f'or more details. Contreol

organizations may have different foci of intervention into the operating

entities. In the terminology of the activity-analysis model of the
productive organization or operating entity, the control organization may
concentrate on the net revenue function (exerting price regulation); or it
may specify minimum or maximum amounts of certain outputs (required
service levels); or it may intervene into the productive organization's
technology, specifying required values of some activity-coefficients
(engineering requirements for construction strength or for emission
control); or it may modify the constraining resources available to the
productive organization (capital subsidies); or, finally, it may add new
goal constraints or requirements to those that the productive organization
must take account of in its output determination (affirmative action).
Control organizations also differ in that some deal only with a
restricted class of entities facing similar markets and using the same

technology (e.g., the firms in a regulated financial industry, such as




commercial banking), while other control organizations face a different
boundary definition on more heterogeneous operating entities with which
they must interact. Also, some control organizations are concerned
mainly with instances in which firms or other operating entities want to

make changes: (a) in their investment base or (b) in their market

structure or (¢) in their product technology.

A particular control organization may of course be assigned to carry
out several functionally different types of roles with a set of operating
entities, and the kind of interaction appropriate for one of these roles
may be in conflict with what is best for another.

This definition and structural classification schema will serve as
one part of the conceptual foundation for the program of experimental
research that is outlined in this proposal. The other part of the
conceptual foundation is the working paper "Intervention Processes, Modes
of Interaction, Incentives and Sanctions in the Operation of Control
Organizations (Berkeley, Center for Research in Management Science,
University of California, CP-396, March 1977, included as Appendix B of
this proposal). In the paper, I discuss the scope and character of
interactions between a set of operating entities and a control organization.

The intervention processes include the setting of informational or
reporting requirements (and the determination of the extent of public
disclosure of the resulting flow of information); the setting of fixed
operating targets or the approval of yes-or-no requests for permits to
take actions; the setting of certain crucial, continuogsly adjustable
operating variables by the control organization and their imposition on
the operating entities; the imposition of general rules or standards,

rather than of particular targets or variable values; and strategic




control, via the selection of leadership personnel or some other element

of the productive organization that determines what basic direction it

will take.

Interaction modes may vary from that of continuous, detailed,
essentially intimate relations between the operating entities and the

control organization to infrequent contacts on a fixed cycle. Also, the

modes of interaction are greatly conditioned by the environments faced

by control organization and operating entity. In some instances, both

face the same environmental constraints and shocks, whereas, in other
cases, the control organization faces a set of environmental pressures
quite different from the market environments of the operating entities.

Also, these environmental inputs to control organization and operating

entities may be either benign or threatening, thereby affecting the

kind of interaction between then.

Finally, the control organization enforces its relationship with

operating entities. The two may have the same length of decision horizon

through time; or, as in the case of the financial regulator who restrains

the speculative propensities of certain financial firms, the control

organization may have a longer horizon than the operating entity. The

enforcement signals may range from pure incentive to the exclusive use

of forceful sanctions, but most of the interesting cases of these

relationships involve mixtures of incentives and sanctions. These are

intended to act through the goal structure of the operating entities

S0 as to evoke predicted responses, desired by the control organization,

to the action possibilities confronting these operating entities.

The two papers just summarized are the first major products of my

program of research on control organizations. With these as foundations,



it is now possible to identify issues for further theoretical development,
to indicate the nature of needs for controlled experiments on this
phenomenon, and to define the general outlines of the experiments that it
is proposed to conduct.

The sections of the proposal to follow will cover the following
topics: Section 2, Significance of the Phenomenon of Control
Organizations for Organization Theory and for Public Policy; Section 3,
The Case for Laboratory Experiments on Control Organizations; Section kL,
Parallel Empirical Research Interests; and Section S5, Organization of the
Research, and Its Relation to Other Projected Research in the Management

and Behavioral Sciences Laboratory.

2. ©Significance of the Phenomenon of Control Organizations for
Organization Theory and for Public Policy
In the neoclassical economic theory of the firm, analytical constructs
were developed to deal with problems of price- and output-determination
and optimal choice of inputs. The nature and character of internal
organization of the firm were not much considered. An early exception to
this in the mid-Fifties was an essay by A. G. Papandreou, "Recent

Developments in the Theory of the Firm," which stressed the significance
of the "peak coordinator" as a determiner of the likely operating
characteristics of the enterprise (Haley, Ed., 1952).

There is now, with the work of modern economists on the extended
theory of the firm and of decision-theorists on uncertainty and
information, & much-quickened interest in the internal organization
of the firm as il affects efficiency and resource allocalion. TParticularly

prominent are the contributions to the economic Lheory of teams (Marschak

and Radner, 1971), Arrow's concern with "the limits of organization"



(Arrow, 13974), and Williamson's Markets and Hierarchies (Williamson, 1975).

To emphasize this trend, the Bell Journal of Economics, of which

Williamson is Editor, published a symposium on the economics of internal
organization of the firm (BJE, Spring 1975). Thus, the proposed research,
while a natural extension of my own long-standing interests, may also
contribute to quite current analytical developments.

Modern organization theory developed in a fashion largely autonomous
from economic theory, with its two most prominent contributions that of

Chester I. Barnard, The Functions of the Executive (1938) and Herbert A.

Simon, Administrative Behavior (1947). Both authors approached the

fundsmental problems of organization from a behavioral, process-oriented
point of view. Their influence, particularly that of Simon, is evident

in the book by Cyert and March, A Behavioral Theory of the Firm (1963),

that, in the mid-Sixties, offered a bridge between micro-economics and

organization theory. I used the Barnard-Simon framework extensively for

the process analysis in Managing Today's University (Balderston, 197h).

While organization theory in the tradition of Barnard and Simon gives
extensive treatment of the flows of decisions, authority and communications
between levels in a formal organization, there is not an emphatic
functional separation between the control group or control organization,

on the one hand, and the operating units on the other. Barnard does

discuss the special focus of the executive functions and process (Barnard,
1938, Chapters 15 and 16), but he seeks to portray these in a general
facshion which would be as applicable to a unitary organization as to a

highly ramified, multi-unit organization. Both Barnard and Simon were,

in fact, largely anti-normative and anti-structural in their intellectual

strategies for the development of modern organization theory, for the



excellent reason that they were constructing a view of the phenomenon
alternative to, and more comprehensive than, the traditional management
theories. The approach to control organizations that is the basis for
my proposed program of research does admit of structural differentiation
and specialization in a direct manner, and 1 believe that this will
yield worthwhile insights into the properties of complex organization.
Structural differentiation has already proved useful in two previous
papers (Balderston, 1962, and Balderston, 1970).
Both Barnard and Simon, from their process-analysis vantage point,

emphasized that the legal or conventional boundaries of an organization

could not necessarily be regarded as determinative of its functional

boundaries. This important proposition is relevant to the proposed
strategy for studying control organizations of the regulatory iype. As
1s emphasized in the two appended working papers, fresh insights into the
regulatory process may be obtained by regarding the regulated firms and
the regulatory agency as parts of one interactive, organizational system.
When this is done, the properties of the control organization and the
type of design appropriate to fulfill a particular regulatory mandate can
be explored in a new way.

There seems little doubt that in the increasingly interdependent
societies of the Western post-industrial world, control organizations are
a prominent "growth industry," growing in numbers and in types of mission.
A better understanding of them is very much needed for better public
policy. Yet, even as the political authorities respond to new public
concerns by enacting laws Lhat create new Lypes of control organizations,
the intellectual foundation for control organizations, in the sphere of

economic activity at least, has come under increasingly powerful attack.



There is now such disenchantment with the efficacy of much public regulation
that important spokesmen among the legatees of the reformist, liberal

- - - - - - L] n
dispensation have joired free-market conservatives in urging "de-regulaticn.

(See, for example, Almarin Phillips, E4., Promoting Competition in Regulsted

Markets, Broockings, 1975.) Some of the criticism is directed against
regulatory systems that are designed and operated in such a wvay that their
side-consequences outweign in perverse effect vhatever direct pubtlic bene-
fits sre supposed to be achieved. 3Better design may improve the effective-
ress of regulsation ani mske it =ore acosptsble in those instances where

1t is indeed peeded in the public interest. Thus, the propesed research

msy caatribute to public-pelicy gcals as well as to the progress of theory.

3. The Case for Laboratory Experiments on Coatrol Crganizstions.

The previous discussion has shown the variety of structuralily
different control organizations and of the different modes of irteraction
between control organization and opersting entities. Here are several

researchable guestions:

First, vhat are the effects of varying the frequency and the
infcrmational detail of contsct between the control crganization and the
operaiing entities?

Second, vhat sre the similarities and the differences in the control
organization's required mode of behevior, depending on whether it
impinges upon one operating entity (or a smell number of them, each
considered a unigue case), upon s population of highly similar entities,
or upoo a population of highly heterogeneous entities?

Third, what are the similsrities and differences in mode of behavior

if ths comtrol organization intervemes in the coperating organization st



ifferent points in the decision process: (a) by affecting valuation
and pricing, (b) by affecting the supply to the operating organization of

a critical constraining resource, (c) by affecting the kind of production

technology available to the operating organization?
Fourth, how should the control organization be designed if its main

reliance is upon incentives in its impinging relations upon the operating

organization, and how should the control organization be designed if it

relies heavily upon sanctions?

These gquestions are appealing for laboratory investigation because,
with the background provided by the two working papers (Appendix A and
Appendix B) it should now be possible to define a few significant
structurally different cases and then, for each of these, vary the
informational conditions or permissible mode of interaction
experimentsally.

The essential feature of the relation between control organization
and operating entities is that each, as an organization, responds to

stimuli from the other and from a defined environment. The properties

of this interactive system ought to be investigated experimentally for

the following reasons:

(1) The situational definitions have strong structural components
or Teatures, and it would be very difficult to uncover some of the
importent implications except through explicit structural variation.

(2) Questions of the assimilation of goals and criteria for good

action, and the ability to absorb information pertinent to decisions,

demand a behavioral interpretation obtainable by putting human subjects

into the context where their responses can be observed and calibrated.
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(3) Tt can be expected that, by means of a program of experiments,

some types of interactive response will be found to change smoothly with

experimentally controlled changes in a crucial variable, whereas other

interactions will turn out to be qualitatively altered. A priori

reasoning concerning this type of interactive pattern should be supple-

mented and stimulated by experimental evidence.

The design of the details of an experimental setup and the

statistical experimental design are part of the proposed program of
research. At this juncture, I can offer only tentative comments about
both.

First, the experimental setup will need to be designed to permit
sharp definition of each structural variant, and to permit gquick and
inexpensive shifts from one structure to another. Second, the inter-
action processes between control organization and operating entities
will have to be carefully specified and extraneous stimuli excluded; and
then the experimenter will need to be able to alter these interaction
processes conveniently and measure the impacts of such changes.

I expect that a small set of carefully designed experiments,
elaborated in an experimental design, may be used to shed light on all four
of the above questions. It should not be necessary to design completely
separate experiments for each question. Before this experimental design
is frozen, it will be necessary to do further work to define specific
working hypotheses for the set of experiments to be conducted.

The nature of the problem permits a step-by-step build-up from a
relatively simple dyadic relation between control organization and each

operating entity toward a fully complex framework. Thus, it will be



possible to explore in a step-wise fashion how to enrich the experimental

setup. This property of the problem zrea should cut the risks of

developing the computer programs that will define the experimental
situstion and its variations.

In the next section of the proposal, I discuss parallel empirical
research lnterests. These will have a definite bearing on the situational
description and the structural design of the program of laboratory
experiments, for it will be possible to use empirically defined situztions
as beckground for the design and for the derivation of important values.
Toe experimentation will not be done in a vacmm. Rather, the purpose

vill be o develcp a complex process having an empirical referent, and
ihen 15 bring it under comtrol for the application of experimental
variations. This strategy was successfully followed in the Joint work

with A. C. Hoggatt or & large-scale, computer-only simulation of market

processee (Balderston and Hoggatt, 1962).

4. Paralle] Empirical Regearch Interesta

1 2= ipterested in four empirical areas for which theoretical work
and lsboratory Investigation of control organizations has pertinence.
These areaz are: (1) financial regulation; (2) higher education gystems,
coordinstion and control; (3) multi-unit corporations; and (L) regulation
of energy production and usage. PBach of these is dizcussed briefly in
this secticn of the proposal.

%.1. Pinancial regulstion

In the early 1966°s, I designed and recommended new policies and
provedurez for the [ssuance of new charterz and branch licenses in the

Californie savings-and-loan industry. 1 was then asked Lo derve as
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Savings and Loan Commissioner for the State of California. This interval
of service, from 1963-65, stimulated an article on "Financial Regulation
As s Control System Problem" (1966). I was in the midst of research on
the savings-and-loan industry when called to service in the central
administration of the University of California.

During sabbatical leave in the Spring Quarter 1975-T76 and the Fall
Quarter 1976-77, I developed a conceptual approach and assembled base
data for a study to determine the economic and managerial impact of these
regulatory decisions concerning charters and branches. T am in process
of revising the design of this study. If support is secured to pursue
it, it could be very usefully conducted in parallel with the work
contemplated in this proposal.

A finencial regulation agency is & well-defined type of control
organization. Savings-and-loan institutions are, by statute and
regulations, required to do a very specialized type of business as
financiel intermediaries. There is already in the program library of
the Management and Behavioral Sciences Laboratory an interactive model for
financial planning of a savings-and-loan association, developed by
Clifford Olsen in fulfiliment of & requirement for a master's degree.

It is quite likely that this model can be revised to become a building
block in an experiment involving interaction between a regulator and a set

of savings institutions. The empirical background is a rich one on which

to draw. Also, it is likely that some industry executives and regulatory

personnel could be recruited to serve as subjects in the Laboratory, as

an alternative to the more usual process of training university students

to aerve as gubjectao,
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with a coordinating agency or a multi-campus system headquarters to
serve as a control organization. Once again, the empirical background is

rich, and the data for realistic setting of parameters are readily

available. The necessary additional steps, for the purposes of this
research program, would be to design a type of control organization and
specify the information flows and incentive/sanction relations between
the individual institution and the control organization.

4.3, Multi-unit corporations

My interest in the analysis of structurally complex firms began with
my doctoral dissertation and the subsequent article, "Scale of Output and
Internal Organization of the Firm" (1955). Subsequently, I considered
the problems of the multi-unit organization composed of a headquarters
and a set of more or less homogeneous branch units, one empirical referent
being the multiple-branch banking organization. This interest eventuated
in the article, "Models of Multiple Branch Organizations (1962) and "Two
Problems in the Study of Multiple-branch Organization: Goal Configurations
and Strategies of Branch Location" (196L).

This interest has continued with opportunities for close observation
of the internal patterns of several large multi-unit business firms.

In due course, I expect to undertake some comparative studies of
corporate headquarters organizations in several industries, utilizing the
fremework that is being developed here. Assuming that it is possible to
secure financing of the program of experiments on control organization
that is proposed here, I expect to undertake that first, using the

empirical cases of financial regulation and of higher-education systems as

guides to the experiments.
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5. Organization of the Research, and Ite Relation to Other Projected
Research in the Management and Behavioral Sciences Laboratory
As Principal Investigator, T would expect to do a great deal of
substantive work in the proposed project, from conceptual design to the
conduct of experiments and to the analysis of data and results. My
obligations as a member of the faculty in the Schools of Business
Administration and as Chairman of the Center for Research in Management
Science will not prevent me from maintaining an active research schedule
throughout the academic year; provision is also made in the budget for
two months of summer research salary in the summers of 1977 and 1978 and
one and one half months in the summer of 1979 prior to the end of the
second project year on T/31/79.

The first project year will be occupied with further analytical
development of control organization concepts and with the design and
programming of one or more pilot experiments. For this work, I will need
full access to the physical and computer facilities of the Management and
Behavioral Sciences Laboratory, as well as the help of several types of
people.

The Laboratory's history and its present system for computer support
of controlled experimentation are described in an extended excerpt from
the final report of the 1971-76 Laboratory Development grant,
NSF-GS-32138 and SOC75-08177. This is presented as Appendix C. Perhaps
it suffices té gay here that the basic characteristics of the Laboratory
are admirably suited to the kind of research outlined in this proposal.

The kinds of professional, technical, and other research assistance
thiut will be needed for the project are indicated in the budgets for the

two years of the proposed grant, from 8/1/77 to 7/31/78 and from 8/1/78
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to T/31/79, respectively. These include, In order to enlist gradunte
students fully in Lhe research enterprise, two graduate research
agsistants throughout the two-year period.
Programming assistance is called for in both years. The deslgn,
programming, debugging, and operating of experiment programs, the handling

of extensive data files, and the provisions for analysis will require

substantial and continuing programming assistance,

In addition, the budget reflects payments for the help of Principal
Programmers each year, to obtmin the help of the Laboratory system's
designers for a few software modlfications that this set of experiments
may require, and also to supervise the work, in the seccnd project year,
of acquiring and installing graphics-display equipment. Each research

project in the Laboratory must bear whatever special costs of modifying
and improving the Laboratory system are made necessary by the demands
of that research program. In this instance, several cost elements of this
type have been included in the budget, and these are discussed In the
budget notes,
This project will also require special expertise in areas of the
gtatistical design of experiments and in statistical inference that I
do not possess. Provision is made, therefore, in both project years for a
consultant to assist with this crucial aspect of the research program.
Finally, personnel support is required in administrative and clerical
areas for both years, and this is discussed in detail in the budget notes.

One of the anticipated strengths of the proposed program of research

is that it should be possible to share insights with those involved in
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other research and educational usage of the Laboratory. Here is a list

of other research projects proposed for the Laboratory in the next two

years:
(1) Professors Martin Shubik and Garry Brewer, Yale University,

research on three topics: bidding and markets, oligopoly experiments,

and scenario developments and assessment.

(2) Professor A. C. Hoggatt, University of California, Berkeley,
research on the replication of controlled experiments.

(3) Professor Jeffrey Moore, Stanford University, experimental
study of resource allocation in decentralized organizations.

(4) Professor Mark Garman, University of California, Berkeley,

research on the securities exchanges.

(5) Professors John G. Myers and Thomas Reynolds, University of
California, Berkeley, research on design and implementation of a new
type of inquiry system.

As these projects come on stream, we expect to maintain an active
colloquium for sharing of research problems and interim results. When

there is sufficient progress to warrant the convening of a conference sO

that interested scholars can be invited to discuss these efforts,
possibilities for such a conference will be explored with the National
Science Foundation.

No other research proposals are currently pending. If a proposal is
submitted and budgetary support for a financial-regulation study is

gecured from NSF-RANN, care will be taken to assure conformity to NSF

limitations on faculty summer-salary support and to coordinate the

research covered in this proposal with other research obligations.
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A. C. Bogpas:

STURIES IX TEE PRECISE QOTECL F SBI=T7 "SEA™SWNEYT X
BORMET AXD SCZAL IFEEDEYTS =Y SE R
CAPASTIYTY POE "FACE-TO-TACE I =177 TIA "5 TS 8

It is {ipe o calidrate the maiges isstrmpess -5 asc beer
gevelopad in the Managemert and Sebsvioral Sciamres LANOTSIoTY of the
Canter for Researck iz Memsgemert Sciemce. ¥e Drooose 1o o tiiz sves
& two-year izterval. Imitially, dIwring the Tirst year, w= Trooose te
develop & IV comiroller whick c== de ims 2 vit2 the (50 wideo-
display systez 50 that digitad display and video picterss ca- be
simmitsaeously tresamted oo the Righ-resclmtios momitors Im the
iaborat - 235 will he usad % standardize Iriafimgs s=d aehrisliass
and o mrovide Tor display of short segmee=ts of TreTecoraa: pataria’
in such & way as 10 simalste "face—to-Pace" izterertices betemen s=hiecs
&nd robotl via telsvisicm. The detziled gescripiiom of teis prodect is
oagtlined ir Sectisa 1.

Second, v propose o replinate Two experinests W isk bave heas
compietad and reported iz the literature: Qoo Is 3 test oF
Harsenyi-Selten Bargaining Theory. T2 other is & Jest-cmmpmieted
experimeat by €. Plott and D. CGretder, of (aliforeis Imstisntas o9
Technclogy. The Barsany-Seltsn experimest %11l e rexiizated sni thee
extendad, using statistical teckrigues ik dave recently beex
Geveloped ir owr Ladorstory with James Prisdmen. The Tlott-Orether is
already a replication of a resuit ottsimeld My syohelagists weizy

attacks the antire dasis of choice theory. If thess mesults STED3,

they will make it impossidle %o apply the received hecory of mirrcesomomiss
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to the 8tudy of economically motiveted human behavior. It is of crucial
1mpﬂrt&nce, therefore, to replicate this situvation and seek to understand

it. The detailed manner in which this work {s %o be carried cut is

discussed in Section 2.
Third, we propose to place this developed capability at the disposal
of Brewer and Shubik for implementation of theis wrk oo the study of

scenarios and their impact on experimentation. As their work s being

submitted separately, no further discussion of that work will be

discussed in this proposal.
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A.

HSF GRANT PROPOSAL BUDGET

Period_Auvgust 1, 1976to July3l, 1979

Support Required

SALARTES AND WAGES onthly |2
Salary NSF
1. Senior Personnel Pate CAL J.CAD |SUM Funded
a. Co/Principal Investigator(s) Title & Step T~ | = 'S
> X
Balderston, F.E. Res. Economist VI (38,700) £'77% Lk, 200/ , 1.0 L,300 +
Balderston, F.E., Res. Economist VI (L1,603) 8 7H L,623 | 1.5 6,935 +
X
b. Faculty Associates x |
y
|
) S
X
Subtotal xxxrxx! x | x x | Ais.=320 4
2. Other Personnel (Non-Faculty), Title & Step
a. Research Associates - Postdoctoral
X X |
b 4 X i
X x|
X x |
b. HNon-Faculty Professionals
X X
X X
X X
X X
X X
c. Graduate Students
2 Research Asst. 2 mos. 100% € $10L41/mo. L,16L #
2 Research Asst. 9 mos. 50% @ $10Ll/mo. 9,369 #
2 Research Asst. 1 mo. 100% € $1119/mo. 2,238 #
d. 8ecretarjal/Clerical
1 Sr. Typist Clerk, Step 5 11 mos. 10% € $943/mo 1,037 *
1 Sr. Typist Clerk, Step 5 1 mo. 10% € $101L/mo 101 *
1 Prin. Typist Clerk, Step 5 11 mos. 20% € $1078/mo 2.372 *
1 Prin. Typist Clerk, Step 5 1 mo. 20% € 1159/mo 232 #
1 Admin. Asst. II, Step 2 11 mos. L0O% & 1082/mo h 761 %
1 Admin. Asst. II, Step 3 1 mo. LO% € 1217/mo LRT *
f. Technical, Shop, and Other
1 Sr. Programmer, Step 3 S mos. 50% € 1963/mo L,008 *
1 Sr. Programmer, Step 4 6 mos. 50% € 2061/mo 6,186 *
1 Sr. Programmer, Step 4 1 mo. 50% @ 2216/mo 1,108 *
2 Principal Programmer, Step S5 100 hrs. € $15.00/hr. 3,000 *
Total Salaries and Wages 51,198




”~ ; h

/et (con’ . nay $e 1919 o 1Tt )
¥ qtT (con't FOR PCRIOD  August 1, 1978 b h = b S Support
pUD - AL A Rehyg[fﬂ* |
- HST Funded
B. FRINGE BENEFITS (charged as a direct cost) AT g
¢  h,838
20% of salaries marked with * ($?“1£;§3) 108
1.76%  of salaries marked with + (11,239 151
.96%  of salaries marked with # (15,771) |
Total Salaries, Wages & Fringe Benefits (A&B) 56,385
C. PERMANENT EQUIPMENT (Costs include taxes, shipping & installation)
,000
Graphics Display Equipment for monitoring and control >
» - . i -:t-. O N
Total Permanent Equipment (Mot subject to indirect costs) 5,00
D. EXPCNDABLE EQUIPMENT AND SUPPLILS
Misc. Office supplies, telephone, Xxerox, etc. 3,000
. P 00
Total Expendable Equipment and Supplies 3,00
E. TRAVEL 1. Domestic (including Canada)
2 RT Berkeley/East Coast Conference Airfare 800
Per Diem 240
Registration 50
2. International
Total Travel 1,090
F. PUBLICATION COSTS > Papers € $275/ea. 550
G. COMPUTER COSTS
Computer Time, €999 hrs. @ § 2-90 /hr, 10,000
Includes terminal, CPU, Disc storage and run-off for 2 papers (above)
4 hrs. CDC 6400 @ $L420/hr. 1,680
H. OTHER COSTS
100 Subjects 8 hrs/ea. @ $4.25/nr. 3,L00
Consultants Fee for design and statistical inference 6,000
I. TOTAL DIRECT COSTS (B through H)
| A
J. INDIRECT C.Q_STS On ga[?]pus 29 %; Off' Carnpus % Uf [,105
Modified Total Direct Costs 3 82,105 | 23,810
K. TOTAL COSTS (I plus J) § 110,915 |

Remarks: The University will cost share in accordance with current NSF policies.

(CRO Form {/2)
4/15/75




BUDGET NOTES

A.2.¢c - éraduate Students

The budget provides for two graduate research assistants in
both the first and the second year. Involvement of graéuate students
in this research is important, first, because they can contribute
great energy and dedication to the research process and to the
attainment of research objectives; second, and equally significant,
is the opportunity that this will give for deep exposure to experi-
mental methodology in the unique setting of the Management and Behavioral
Sciences Laboratory. These two research assistants are budgeted at
5042 time during the academic year, which is the maximum permitted
under the rules of the Graduate Division of the University, and at

100%Z time during each summer of the project.

A.2.d - Secretarial/Clerical

A senior typist clerk is provided for, at 10% time, to handle
accounting and grant reporting for this project under the supervision
of the senior administrative staff of the Center for Research in
Management Science. A Principal Typist Clerk, at 20% time, is pro-
vided for, to prepare report materials, experiment documentation re-
ports via the Laboratory's RUNOFF editing system, and other clerical

assistance to the Principal Investigator, research assistants, and

programmers,




A.2.d (cont.)

An Administrative Assistant II, is provided for, at 20% time

In the first year and 40% time in the second year to administer the
flow of experimental subjects for the project. The many tasks in-
volved in this process, include the interviewing and screening of
potential subjects; scheduling for initial briefing and training

and the conduct of those portions of the briefing and training that
are not dealt with by means of closed-circuit TV; scheduling for
pilot experiments and experiment runs; arrangement for debriefing

of subjects at the end of their involvement in the experiment series;
and arrangement of compensation of subjects. Administrative studies
of past experiments have shown that this process takes about one

hour of administrative time per hour of net subject time actually

utilized in experiments. This is the reason for the provision of

this much AA IT time in the proposal budget.

A.2.e - Technical, Shop, and Other

There 1is provision in this budget for a senior programmer at
50% time in the first and second years. This programmer will have
two roles for the proposed research project: (1) under the general
guidance of the Laboratory's original system designers, the pro-
grammer will undertake modifications and improvements as necessary
in the system to accommodate the experiments contemplated by the
Principal Investigator; and (2) the senior programmer will design,
code and test applications programs for the contemplated experiments.

In the second year, also, the senior programmer will undertake to




A.2.e (cont.)

eéxtend the available data management Programs of the Laboratory system

and will utilize the data link to the Berkeley campus CDC 6400 for
statistical analysis of experimental data. Over and beyond the standard
commands of APL, the Laboratory system has provisions for interpro-
cess communication so that an experimenter's console can control one
Or more interrelated terminals and can maintain control of stimulus
display to the subjects. Programming needs for experiments using this
extended system are budgeted within the 1/2 time senfor programmer
provision, although some routine work may be done by hiring, within
the budgeted funds, a more junior-level programmer or coder and re-
ducing the dollars spent at the senior programmer level accordingly.
The Laboratory's technical systems designers, carried part-time
as needed on the Laboratory recharge account are two Principal Pro-
grammers. These positions are occupiled by Dr. Charles Grant and
Dr. Mark Greenberg, who have led the successful design and implementa-
tion of the Laboratory system. Budgetary provision is made here,
in the first and second years, for 100 hours of additional time of
these senior people, in order that extensions and modifications of
the system can be undertaken in response to the demands of the con-
templated experiments. (If either Grant or Creenberg becomes unavail-
able, the funds would be used for equivalent engineering and systems
consultancy.)

In the first year, the main systems tasks will be to extend

Interprocess capabilities to accommodate experiments for this project.



Also, some work will need tc be done to accommodarte the use of remotely

located subjects if the pilot experiment proves the need.

In the second year, it is proposed tc purchase and adapt to the
Laboratory system some graphics display equipment for momitorizg
and control. It is expected that the first year's experimernts, plus
design consultancy involving the Principal Programmers anéd the sericr
programmer, will provide a good basis for setting specificaticns ior
this. The basic idea is to add special equipmentr thar will facijitare
information handling and rapid-feedback interventiocas by 2 decision-

=aking team in the role of a control organization that is somizerimg

and controlling a set of operating entities.

— L ——— i i e

C. - Permanent Equipment

In the first year, two permanent equipserct z23dirioms are Iacivasc
| in this project budget:
| 1. Core memcry boards o»a X 13-bdits. The lasoratorr systes i3s3

uot in the past had the full co=plement ¢of core =emory Ior which ta=

original design had made rcom. The proposed project, with its ceecs
for extensive experiment programsing and for large-scale use of the

system during experiment runs, will add to an already diverse user

commmity. To fill out the design complement of core a=d thus increase
response speed, and to provide a backup memory board for guick re-
placement in the event of failure during an experizment, the budgst
provides §4,aaz.

2. Ome DIC terminal. During the whole of the two year project,

it is expected that a terminal will need tv be reserwed for the use
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C. (cont.)

of the Principal Investigator and for placement off-site to try out
possibilities for inclusion of a remote subject in experiments. This
terminal would be fully compatible with those in the present con-
[iguration. The present complement of eighteen terminals has proved
to be strained at times, and it is very difficult to arrange for
release of terminals to off-site locations because they are needed

on the system. Purchase of this additional terminal will facilitate

this research project immensely.

In the second year, a budgeted amount of $5,000 is provided for
the purchase of graphics display equipment for monitoring and control.
Specifications for this will be developed through the experience
of the first year's pilot experiments, and through design efforts

of the Principal Programmers and the senior programmer. (See A.l.e

for the personnel component of this.)

D. - Expendable Equipment and Supplies

The project will involve two research assistants, a half-time

programmer, and numerous experimental subjects. It is anticipated

that routine S&E costs will be $2,500 in the first year, and $3,000

in the second year.

E. - Travel

Domestic travel to two scholarly meetings each year is provided
in the budget, for presentation of papers based on the research to

be done.




|
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F. - Publication Costs

Preparation, reproduction and dissemination costs are provided

for at the rate of $250 per technical paper in the first year and
$275 per paper in the second year. These costs, however, do not
include connect time for the use of the Laboratory's RUNOFF editing

system for manuscript preparation. This usage is included in part

G below,

G. - Computer Costs

Computer time on the Laboratory system will be required for:

(1) some programming of systems modifications, discussed under A.l.e;

(2) programming of experiments and of the associated data handling

requirements; (3) connect time for pilot experiments and for experiment

runs; and (4) connect time for use of the Laboratery's RUNOFF system
to prepare and edit documentation reports and techmnical manuscripts.
We have estimated usage of 1,400 connect-hours in the first year and
2,000 connect hours in the second. These are budgeted at an average
rate which covers connect-time, CPU time, and disk storage.

In addition, time on the Berkeley campus CDC 6400 will be needed
the budget covers 2 hours in the first year and 4

for data analysis;

hours in the second. There is a data link between the Laboratory

system and the Berkeley campus Computer Center to facilitate this

work.

e e - e =y e
B N W e, L e =



r—*——-—_————-—

11

H. - Other Costs

Other costs include the following:

1.
Compensation of experimental subjects: 50 subjects & 3 hours

i

in the first year, and 100 subjects @ & hours in the second. At this
stage, it is difficult to specify how much subject usage will be
necessary in the experiment series, but this allocatior is believed

to be at a prudent level.

2. Consultant fee—experimental design and statistical inference:

There are numerous special problems of experimental design and sgatisti-
cal inference in the conduct of a series of experipents. 7Tne Principal
Investigator feels well-qualified to do the conceptual design, fdentify
parameter values for use in the decision =models, and undertzke analyti-
cal interpretation of the problems of organization theory that are to
be studied. He will need expert, highly professional help for certain
of the problems of this Laboratory research, in order to capitalize

on the special capabilities of the Laboratory for running &= experi-
ment series and in order to extend and utilize program packages for
analytical inference. The budget therefore provides for consultant
services to the extent of $5,000 in the first year and $6,000 in the

second. At this time, no ifndividual has been approached for these

tasks.

e o T o e L e E N e s ._.::':%
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APPENDIX C

Management and Behavioral Sciences Ladorstory
Center for Hesearch in M=nagement Science
University of California, Berkeley

Center for Resesrch in Mensgement Scismce

Management and Behavioral Sciemces laboratory
ESF-GS-32138 and SOCTS-08177

December 1976




1. History of the Laboratory and NSF Support 1971-76

The Management and Behavioral Sciences Laborstory of the Center for
Research in Management Science is a uniquely designed facility for con-
trolled experimentation in the social, behavioral, and decision sciences.
Established in 1964, the Laboratory is operated by the Center for Research
in Management Science, one of Berkeley's organized research units.

Faculty members and students in Business Administration, Economics,
Computer Science, Sociology, Education, Engineering, and other fields have
used the special capabilities of the Laboratory for both research and
instructional purposes; and research scholars from a number of octher
universities in the U. S. and aproaﬂ have been attracted to the Laboratory.

The Laboratory contains about 3,000 square feet of floor erea,
including the computer and equipment and control rooms, two briefing rooms,
four fixed experimental cubicles, and an open experimental area that can
be rearranged quickly for different uses by moving sound-proofed partitions
into place on overhead tracks. The Lab's wiring connects to twenty-four
locations for computer terminals, TV display, TV camera, and audioc
communication. The closed-circuit TV capability has been used for the
briefing of experiment participants and also for recording activities of
seminar groups so that they can later assess their own performance.

Beginning in 1970-71, NSF support enabled the Laboratory's faculty-
investigator group and its systems group to cooperate in the construction
of a system of computer support for stimulus display to subjects,
communication between subjects under experimenter control, on-line response

by subjects to stimulus and immediate source-program response to subjects'



responzes, and data capture Eﬁd logZing. The teart of the laborestory's zev
Eystex is g Aedicated time-gharing system teszel = 1w Bisroprogrammetle
MZTAR computers, witk a2 shared zcre memory of 120,000 22-Lix worisz; Twe
iigks having storage cepecity totalling 25 millios wrds; = megretic-tage
wnit for beckup and data preparation; a link to the Zerkeley Tamrms TN
€L00 computer; modems for linkege to userz znd cther systems outside <he
Laboratory; eighteer bard-copy termicals; exl z TPT displzy gystem ~oc-
sisting of tvelve TP screens Witk Zeytoard acd 1ight-pen 252 2 FAVWIZF
support mmit.

She resideni languzage for experisenters ic thiz gystem i3 A7, <o
wvhick have been 2d4ded the following special festures: (z) capabilities
for interprocess ard intertermina]l coammmmicatiss guck tizt the syperimenter
cgn put under the cortrsl cf his scurce-progrem the 2rtivities of 2 s mber
cf subjects wbo are intersciing wit:h coe ancther zod wiik the Borce-

grogram via separzte termizmals; (B) 2 powerfnl =ditor zrd debmgger; lc) =

merts concerning experimenis snd findings. The cperatisg system Iz 2esignes
to give priority tc mmlititerminal uss, in order ic protect the requiremes?
of rapid response time to experiments in exesation. Ilaborsiory t—sers vEC
are undertaking APL progrzm developmert can Te ac-ammCAETel 3T the IZ3:e Time
ag muititerminal nsers., tmt at 2 lower priority level. Modems permit Szeacs
not in the Laboratory to enter Tpe systeam.

Pirst, the Laborstory is desizred to implement experimectazion
methcdologies thet sre of interest to investigators Io —merzous discipiines
vho are interested in & variety of thecretical arni empiricel gasstisms.

Second, the Laboratory has a large potentisl throughput capecity for the

& -
b

support of experiments. Third, the labiTetlory system fas toer Zezignel




8uch 2 way that additional peripherals, including lnstrumentation for
collecting additional types of data, can be &dded gt low marginzl cost

for engineering interface work, thus enabling ues tc accosmodate additional
kinds of experimentation interest over ani beyond those <hgt were of such
high priority, in the judgment of the Laboratory Advisiry Tammittee, 23
to be incorporated in the present system's user specifications. Fourth,
we believe that the Laboratory system is responsive economically tc the
user who is not normally located at Berkeley.

During the 1971-75 development interval, members of the Laboratcry
Advisory Committee, who constituted the inveatigater oup under EZF's
development grant SOCT75-08177T, and their doctoral students undertock o
develop and use a significant number of experimentel conircl progra=s.

These efforts had two purposes: first, to make substantive progress witlh

syétem was ready; second, and equally important, to assure that the
performance specifications of the new system were shaped to the needs of
the user community and to provide a dialogue for conceptualization and
testing of the configuration and software design. It was difficult to do
the development and the research in this way; but now that the system is

successfully operational, we are able 1o point proudly to & cocllasborstion

that has realized a system uniquely suitable for controlled experimentaticn...

2. Summary of the Laboratory Systems Development by Mark Greenberg and

Charles Grant, Co-leaders of the Systems Group
The following pages describe the CRMS Computing System developed for

use in the Management and Behavioral Seiences Laborstory. The computing

system has been in successful operation with ever-growing capabilities

since 1973. The use of the system for both instructional snd research




Purpuses vas maintained concurrently vilh sontisuing develigment of the system.

All originail B jor objectives for tine —umgsting syeten zxve pees sccompl {shed.
CYRTEM ARCHITE T IRE

The current configuration of the 7P bys'am (8 srwe iz Figure 1.

Each of the two processing units {e & Bigh-serformance WPTsl R roreanr
vith 90 ns microinstruction ezecution time, The wilizetios of micro-
procesacrs has alloved for grest flexibility (o toe desigr of tiwe gyries
architecture:

1. Most of the functions of the 4isk comtrollers erd the termios
multiplexor normaliy performed Ip nardware Imve leer lmglemectes
in firswvere.

2. Dpeclalized instruction processing uwnits fTor AP a27 <o Eylem
programming language vere designed an? emulatesd as microprograns.

3. The priaitive~cperating-eystem Tunctions for virtua) segue=tas
semoOry, interprocess communizstlon an? gynchronisatios, process
scheduling, and a capability-based protectics syslem were all
efficientl]ly implemented in microcode.

The AFL processor and central processor both have sccess o . of the
primary memory. The scle function of the APL processcr is 1o exsrts A¥L
programs under coatrel of the central processor. The ceniTal professcT
handles control of the input/cutput devices, as well as the executicz of
all system programs (e.g., the opersting system and the zext editor!.

The primary memcry of the system i3 impiementec by 1 us cycvle-time
core memory, expandable to 128X 32-bit words. The secondary memory of the
gystem consists of twvo 20-surface, L00-track disk memories witk e rapacity
of 12 million 32-bit words each. A tape unit is provided for the pmpose

of off-line storage and computer-to-computer information transfer. Uz to



32 hard-copy terminals of varying speeds may be connected to the system.
The system also includes a 12~terminal, full-graphics display system.
Each display terminal includes a high-resolution digplay and a light pen
for pointing to information on the display. The input/output interface
vas designed so that other devices could easily be installed in the
gystem. In addition, the CRMS system ig interfaced 10 a2 remote-jobh-entry

port of the Campus Computer Center CDC 6L00.

OPERATING SYSTEM

The operating system is software which manages all the rescurcees of
the CRMS computer system in such a way &s to provide interactive service
to multiple simultaneous users. The operating system schedules the use
of the processors, allocates disk and core storage and schedules the
transfer of information between them, and provides user facilities, such
as a multi-level directory hierarchy for the cataloguing by symbolic neme
of programs and data. Furthermore, the operating system manages the
sharing of information among users and guarantees that there will be no
unauthorized interference among users' programs and data.

The operating system software was implemented in a higher-level
systems programming language (SIMPLE), which was designed in conjunction
with the instruction processing unit of the central processor. This
language includes the following features: (1) a complete block-structured
control mechanism for specifying iterative and conditional control
structures; (2) convenient methods for accessing and manipulsting partial
word values, one dimensional arrays of various element sizes (with
automatic bounds checkings), strings of characters, and ring buffers;

(3) efficient recursive functions; and (k) a macro facility.
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APL LANGUAGE SYSTEM

The APL language system is a subgystem of the total CBRMS compiter

system. It is one of the two language systems currently implemented (the

other is SIMPLE). Nearly all research and instructional programs are
implemented in the APL language. The APL language system provides
service similar to that of APL 360. It is an integrated system of
firmware, operating system software, and APL language software.

APL programs are translated into an internal form before they are
executed. The APL microprocessor is then able to execute these progra=as
with great speed, thus allowing real-time multiple-subject experiments to
operate without significant delays.

In order to handle the special needs for experimentation in the
social sciences, extensive additional features have been added to AFL.

A multiple-process capability allows several independent programs to

operate under common control. The multiple-terminal capability asllows
the multiple processes to control input and output to up tc 32 terminsls.
The file access capability allows logging and recovery of data during

execution of an experiment program.

RUNOFF
A document-preparation system called RUNOFF has been developed for use

on the CRMS computing system. RUNOFF allows the text of documents to be
typed into the computer system. Mixed with the text are commands which
specify the format in which the text should be printed. This text and

command file is then processed by RUNOFF and a finished document can be
printed. The RUNOFF system facilitates such documentation festures as

margin justification, page heading, footnotes, identation, page mumbering,




»

underlining and centering. Exi

corrected by using the text-edi

isting documents
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