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Abstract 

"Control organizatlons" are defined in this research as organiutioos 

which do not produce anything themselves , but vhich impinge on one or more 

productive organizations or operating entities, modifying vhat thene 

entities produce or otherwise affocting their behavior. From nev vork 

on the definition and structural classification of control orga.nl% tiono 

a.nd a discussion of their intervention processes and modes of tnteraction 

with operating entities , a proposed program of lnboratory experimentation 

is developed . 

The laboratory experiments vill have emplrical reference available 

from previous research in several fields . Experiments will be designed 

to give insight into such questions as : (1) What are Lhe effects of 

varying the frequency and the informational detail of contact between 

the control organization and the operating entities? (2) Hov does the 

control organization differ as a function of the hcrnogen~ity or het\?ro

geneity of the set of entities with w1'1ich it must {ntet·a.ct? (3) What 

are the effects of intervention at different decision-points in the 

operating entities? (4) What are the effects of varying the mix of 

incentives and sanctions in the control relationships? 

J 



"Control Organlx tiona0 and Th 1r lnter t1".Xls vil.h 

Operating Enti ies: An Exper..__ntal !oY~st1 ticn 

1. The Nature or "Control Organi.z tioo" 

Productive organizations , or operatln& entitie • ~s~ 

valuable resources to produce speci ic desired outputs. Voe~t.er t. e are 

"a&rtet- se-ctor" or "public-sec or" opera ir.g ent i ie , they ue or 1~ ... 

construed to have outputs that can be eva.luat~ eit~r 

or by some procedure or public Judgments; e.nd they fa:e a.:: effie.:e:1cy 

discipline, either through the market or , again. through public .. ~:tgc~! .. 

that relates the desired outputs o the coo. y produc~ive ~e-so;i::e5 tM~ 

11Ust be used. 

A "control ~"'rgani:ta ion" as.y be derined ror t.~ pu.""1)Cs~ 

r~seerch as an organi ation tbe.t impinges upon "ne or -~ :::-!' these 

o~rating entities. The control org&ni:.ation may,. like ~be regu.lat.ory 

~ncies in the public- utilities field , supply TaJ:uation (price)~ ~-:-els 

or set qualitat ive - service requir ents. I :u.y , s.s in the ~ielj o 

enviro ntal protection , :pose limitations on 

that operating entities are alloved to nait'! ; .)r it~,- bet.he 

or a multi- unit corporation or of a public orga.ni1:atioc. bavi~ n:z,e~:us 

dispersed ope.rating units , its function being to s~t anJ enforce 

pert"'o ce standards for these operating units all-..'Ca ~ ♦ .... 

The essence- of it ls that the cootr"l orpnl:ati(ql "\..'"'-es ftvt 

any direct oneo•rAti~ O\ltputs vbatever ~ but is rather ,. ~ :-ons i0us 

• 
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conntrainer of what the managers of the operating entities may do as they 

r,o ubout the tasks of econo1nic production . 

ny 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 

Definitiona.l Properties of Economic Control Organizations , and Some 

Structural Distinctions among Types" (Berkeley , Center for Research in 

Management Science , University of Cal ifor11ia , CP- 395 , March 1977). That 

paper is Appendix A of this proposal . 

We s11mmarize briefly the types of control organization that have been 

identified, referring the reader to that puper l'or rnore details . Cont r ol 

organizations may have different foci of intervention into the operating 

entities . In the terminology of the activity- analys is n1odel of tl1e 

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 modi fy the constraining resources available to the 

productive organization (capital subsidies) ; or , finally , it may add new 

goal constraints or requirements t o those that the productive organization 

must take account of in its output deterruinatil1n (affi.rma:Live o.cti('lfl) . 

Cor1trol organizations also differ in that s01ne Je1:ll only ,-1i th a 

restricted class of entities facing similar markets and using the same 

technology (e . g . , the fi rmo in a regulated financial i nd\1stry, su<:.'h as 
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conunercial banking), while other control organizations face a different 

boundary defini tion on more heterogeneous operating entities with which 

they must interact . Also , some control organizations ure concerned 

mainly with instances in which firms or other operating entities want to 

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

structure or (c) i n their product technology . 

A particular control organization may of course be assigned to carry 

out several functionally different types of r oles with a set of oper ating 

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 classifi.cat ion oc hema will serve as 

one part of the conceptual foundat i on for the program of experimental 

research that is outlined in this pr oposal . The other part of the 

conceptual foundation is the working paper " Intervention Processes , Modes 

of Interaction , Incentives and Sanctions i n the Operation of Control 

Organizat ions (Berkeley , Center f or Research in Management Science , 

University of Ca.lifornia , CP- 396 , March 1977 , i ncluded as Appendix B of 

this proposal) . In the paper , I discuss the scope and cl1aracter of 

i nteractions between a set of operating entities and a. control organizat ion . 

'rhe i ntervention processes incl ude 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 r equests for permits to 

take actions; the setting of certain crucial , continuously adj ustable 

operating variables by the control or ganization and their imposition on 

the operating entities; t he imposition of general rules or standards , 

rather than of particular t argets or variable values ; and str ategic 



' ' 

4 

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

of the productive organization that determines what basic direction it 

vi.11 take . 

Interaction modes may vary from that of continuous , detailed , 

essentially intjmate 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 them . 

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 contr ol. 

organi~ation 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 o~ incentives and sanctions . These are 

intended to act t hrough the goal structure of the operating entities 

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

to the action possibilities confronting these operating entities . 

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

program or research on control organizations . With these as f oundations , 
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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 4, 

Parallel Empirical Research Interests; and Section 5, 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 t o 

this in the mid- Fifties was an essay by A. G. Papandreou , "Recent 

Developments in the Theory of the Firm," which stressed the s i gnificance 

of the upea.k coordinator" as a determiner of the likely oper ating 

characteristics of the enterprise (Haley , Ed . , 1952) . 

There is now, vi.th the work of modern economists on the extended 

theory of the firm and of d·ecision- theorists on uncertainty and 

information , a much- qt1icltened interest in the i nternal or ganization 

or the finn as it. at"fec-1..~ efficie11cy and reso\11·ce Rl)ocat.io11 . rHrt.jl..'•ularly 

prominent a.re t.ttL"" <·ontributions to lhe e~onomic t.heory p f teams (Mnrsl.'hnl( 

and Radner, 1971) , Arrow's concern with " the limits of organization '1 
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{Arrov ~ 1974) , and Williamson's Markets and Hierarchies {Williamson , 1975) . 

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

Will,amson is Editor , published a symposium on the economics of internal 

organization of the firm (BJE , Spring 1975) . Thus , the proposed research, 

vhile a natural extension of my own long- standing interests , may also 

contribute to quite current analytical developments . 

~ern organization theory developed in a fashion largely autonomous 

from economic theory, vi.th its two most prominent contributions that of 

Chester I . Barnard, The Functions of the Executive ( 1938) and Herbe1·t A . 

Simon, Administrative Behavior (1941) . Both authors approached tl1e 

fundamental 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 , 1974) . 

While organization theory in the tradition of Barnard and Simon gives 

extensive t reatment of the flows of decisions , authority and communications 

betveen levels in a formal organization , there is not an emphatic 

fWlctional separation between the control group or control or ganization , 

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

discuss the special focus o~ the executive functions and process (Barnard , 

1938 , Chapters 15 and 16) , but he seeks to portray these in a general 

fashion Yhich would be as applicable to a unitary organization as to a 

hir;hly ramified. mt1lti - unit organization . Both Ra.rnartl and Simon ,,ere , 

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 

&.lternative to atl'-1 more comprehensive tha.n , the traditional management 

lbti.orie~ . The approach to control or ganizations that i s the bas is f or 

7 

tny proposed program of research does admit of struct,rral tiifferentia.tion 

and specialization in a direct manner, and I believe tl1at this wil l 

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 tlieir process- analysis vantage point, 

emphasized that the legal or co11ventiona.l boundaries of an organ i i~ation 

could not necessarily be regarded as determine. ti ve o i" 1 ts fun ct iona.l 

boundaries . This important proposition is relevant to the proposed 

strategy for studying control organizations of the r egulatory type . As 

is 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 i n the increasingly interdependent 

societies of the Western post- industrial world , cont,r oJ 01·ganiz.ations are 

a prominent "grovt.h industry ," growing in numbers and i n types of mission . 

A better understanding of them is very much nee(ied for better :publ i 

poli.cy . Yet , even as the political authorities r spl.1nd to new publ t c 

concerns by enac ting laws t.hat creat e new iypes of control organizations , 

the intellectual foundation for control organizations , in the sphere of 

economic activi·ty at lea.st • has come under i ncreasingly powerful attack . 

.I 
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Toe-re {s nov such d:se hent~~ir:. vit~ ~he e~ficacy of i:mch public regulation 

• portant s-poke en a:.0ng --;he :egat.ees o!' the refornist , liberal 

tt t. n ·oi~ed f'ree r,.3rlie~ conservativ-es in urging de- regw..a. i cn. 

A, • ?:: 1· • - -.... • ps , i:sr _n !'.!_ ~ 

SaRe o~ ~he ~riticisc ::..s directed age.ins--: 

.s:-=.e-co::s~u~=es ou;:.veigb in per v-erse effect vha~e .. <er direct pub 1 ic bene-

sre sa:p_?}se-d to be achleve:i. 

r:..~ss o= regula:tion and oskP- it. - •"'re e..~~ep .. s.ble i....: :.ncse instances vhere 

Tir.J.s-> •he pr.:,posed resea_ch 

ape!"' i::.e nt. s on .... _,_ _ rol 
u _., 1..,, ..... gani:ations . 

Here a...~ se~era~ 

C!-. • ~- • • 1· • - ... ti. f > • ~;:m.<t 7 vna~ are UC' S" , •'. ~ 1-.les ~-c. t~e -- _ erenc-es 1.n ~he corrt.rc_ 

orgaoiz.a: .:on• s req ••re 

«.,nziidered a 

• 
Ul he ope~ating ~rganiza~ion at 

-• 
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different points in the decision process: (a) by affecting valuation 

and pric ing , (b ) by affecting the supply to the operat ing organization of 

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

technology available to the operating organization? 

Fourth, bov should the control organization be designed if its main 

reliance is upon incentives in its impinging relations upon the operat ing 

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

relies heavily upon sanctions? 

These questions 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 t o define a few s ignificant 

structurally different cases and then , for each of these , vary the 

informational conditions or permissible mode of interaction 

experimentally . 

The essential feature of the relation between control or gan ization 

and operating entities is that each , as an organization , r esponds to 

stjm:nJi -from the other and from a defined envi r onment . The pr opertie s 

of this interactive system ought to be invest igated exper i m.ent all y for 

the fol.loving reasons : 

(1) The situat ional definitions have strong structural components 

or reatures , and it vould be very difficult to uncover some of' the 

important implications except thr ough explicit structural variat i on . 

(2) Questions of the assimilation of goals and cr iter ia f or good 

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

demand a behavioral int erpret ation obtainable by putting human subjects 

into the context vhere their responses can be observed and cal i bra t ed . 
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(3) It 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 quick 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 t o 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 s it will be necessary to do further work to define specific 

vorking hypotheses for the set o~ experiments to be conducted . 

The nature of the problem permits a step- by- step build- up from a 

relatively simple dyadic rel ation between control organization and each 

operating entity t oward a fully complex framework . Thus , it will be 
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possible t-0 explore in a step-vise fashior. bov to enrich the experimental 

This propert,y of the problem area should cut the risks of 

deve1..oping the co::IpUter programs that vill define the experimental 

situation and its variations . 

1n be next section of the proposal , I discues pe.ral1el empirical 

research i.tr~es s . These vill have a definite bearing on the situational 

description and the struct.ural design of be program of laboratory 

exper:i=a:Jts ~ far it rill be possible to use empirically defined situations 

as becag1 <·nuid for the desf8n and for the derivation of important values . 

T~ expe: entation vill not be done in a Va.cm.ml .. Rather , the purpose 

vill be. w dfy-elop a complex process having an empirical referent , and 

then t.-~ bring it rmder control for the application or experimental 

variations • • ~s strategy vas successfully foll.owed in the Joint work 

with • .. C,. Hoggatt cm a large- sea.le , COaaputer-only sinuilation of market 

procesU2 (ReJderston end Hoggatt , 1~) . 

Par~Jle l i'.:3::ipirieal Research Interest.a 

en illtere£ted in tour e::.virical areas for vhicb theoreti.cal v c rk 

end l aboratory i:avestigation of control organizations has pertinence. 

ibe.Je areas are: (1) financial r egulation ; (2) higher educa ion systems , 

coordimtlon ar~ coatrcl; (3) ---ti-1mit corporations ; and (1' ) regulation 

O't mergy production and usage . Each of these is diacussed briefly in 

t.&i section of the propcSEr.l ~ 

.. l ~ Financial r ti-on 

In the early 960' a~ I de-alg:r...ed and rec01111endeci nev polici~s an,i 

pro.t-f!daresz to·-r tbt- 1 dUW1C' a ' fi-e'V chart.er~ wid brnnch 1 icenses in the 

C 1 i(Ol:iJ .a1r1ngs-oo,j- loan Jn.du3t.ry .. I vas then asked to serve as 
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Savings and Loan Conmissioner for the S·tate of California . This interval 

or service ., from 1963- 65 , stimulated an article on "Financial Regulation 

As a Control System Problem" (1966) . I was i n the midst of research on 

the savings-and- loan industry vhen called to service in the central 

adninistration of the University of California. 

During sabbatical leave in the Spring Quarter 1975-76 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 branc}1es . I am in process 

of revising the design of this study . If support is secured to pursue 

i , it could be very usefully conducted in parallel with the work 

contemplated in this proposal . 

A financial regulation agency is a ~ell- defined type of control 

organization . Savings-and- loan institutions are , by statute and 

regulations , required to do a very specialized type of business as 

financial intermediaries . There is already i n t he program library of 

the Management and Behavioral Sciences Laboratory an interact ive model for 

financial planning of a savings- and- loan association , developed by 

Clifford Olsen in fulfillment of a 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 regulat or and a set 

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

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

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

an fllternat1ve to t.h~ more usual process of t raining university students 

Io t1'9rv~ ~ sub~1--.. <~ ... 1 . 

• 
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vi.th a coordinating agency or a multi-campus system headquarters to 

serve as a control organization. Once again , the empirical background is 

rich, e.nd the data for realistic setting of parameters are readily 

available. The necessary additional steps , for the purposes of this 

research program, would be t o design a type of control organization and 

specify the information flovs and incentive /sanction relations between 

the individual institution and the control organi zation . 

4. 3. Multi-unit corporations 

My interest in the analysis of structurally c-ompJ.ex firms began with 

my doctoral dissertatio11 and the subsequent article , "Scale of Output and 

Internal Organization of the Firm" (1955) . Subsequently , I considered 

the pr oblems of the multi- unit organization compo~ed 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 Or ganizations (1962) and .,Two 

Problems in the Study of Multiple- branch Or ganization : Goal Configurations 

and Strategies of Branch Locat ion" (1964) . 

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 

framework that is being developed here . Assuming that it is possible to 

secure financing of the program of experiments on control organization 

tha.t is proposed here, I expect to undertake that first , using the 

empi·rical cases of financial regulation and of higher- education systems as 

gui,les t o the exper iments . 

• ::;c:_, • ..:r::..!I 
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5 . Organization of th Renea.rch • and Its Relatior1 to Other Projected 

Research in the Management and Bel1uvioral Sciences Laboratory 
• 
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As Principal Investigator , 1 would expect to do a great deal of 

substantive work in the proposed project , from conceptual d~sign to the 

conduct of experiments and to tl1e 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 Reeea.rcl1 in Management 

Science will not prevent me from maintaining an active research schedule 

t1u-oughout the academic year ; provision is also made in t he 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 7/31/79 . 

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 facili.ties 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 r eport of the 1971- 76 Laboratory Development grant , 

NSF- GS- 32138 and SOC75-08177 . This is presented as Appendix C. Perhaps 

it suffices to say here tl1at the basic characteristic s of the Laborato1·y 

are admirably suited to the kind of research outlined in this proposal . 

The kinds of professional , technical , and other research asslsta11ce 

thut will be needed for the project o.re i ndicntel\ in the budgets fu r 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 1/31/19 , rea ectively . 'rhea• inc- lude . ln or der t,o er,11at. 

stud nta fully in th r s~nr~h nterpri •~ , two gr duat" r ~•~ar ch 

assistants throughout th tvo-y r period . 

Programming aasiata.nce 1e called for in both yea.rs . The dealgn , 

programm\ng, d b,.igging, and op r ting of experiment program• , t.h• l•Andllng 
• 

of ext n ive data fil ea , and th prov1 a1ona for analyato v tll rrqutr~ 

eubste.ntlal and continui.ng progrwnmtng asa i ■tance . 

Progre.mmers each year, to obtain the help of Lh~ Laborat ory •Y~tPm •~ 

d signers for a f v eoftwar modifications that thi e set of @xptiri1Mr1t1 

may requir , and also to su~rvi1e the work . ln th~ aecond proJ ct y r , 

or acquiring and install.1ng gra.phica-diaplay quipnent . f:&c:-l1 r ~••ar<"h 

pro~ect in the Labor tory muet b a.r vba·t.ever •~clal ~oa t s o t acKl l rytoe 

and improving the Laboratory system are made neceaanry by the dnuusdn 

of that reae,irch program . In thi s 1nstanc~ , s vP.r al coat ~l enta or thl• 

type have been includ din the budget. and these are di cuaaed ln t h• 

budget notes. 

This project will alao r quire special expertis~ tn ar as or the 

statistical design of experiments and in etatistical 1nrerence th t I 

do not possess. Provision is made 1 therefore. in both proJect year• t or a 

consultant to assist with this crucial aspect of the research prograa. 

Finally, personnel auJ)port is required ln admin1atrat1v and clerical 

areas for both years, and this is discussed in detail in th budget notes . 

One of the a.nt!cipated strengths of the proposed program or rea~arch 

is that i t should be possible to share insights wt th th<.)S~ invol v~,t 1n 
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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 suf'ficient progress to warrant t he convening of a conference so 

that interested scholars can be invited to discuss these efforts , 

possibilities £or 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 

secured f r om NSF- RANN , care will be taken to assure conformity to NSF 

limitations on faculty summ~r- salary support and to coordinate the 

research covered in this proposal with other research obligation s . 



REFERENCES 

Arrow , Kenneth J . The Limits of Organ ization . New York : W. W. Norton 

Co . , 1914 . 

Balderston , F . E . , "Scale of Output and Internal Organization of the Firm ," 

The Quarterly J ournal of Economics , Vol . LXIX , No . 1 , February 1955 , 

pp . 45- 'T0 . 

------, "Models of Multiple- Branch Organization ," California 

Management Review , Vol. IV , No . 3, Spring 1962 , pp . 40-57 . 

- ----- , "Two Problems in the Study of Multiple- Branch Organizat ion: 

Goal Configurations e.nd Strategies of Branch Location," in Bonini, 

c . P ., R. K. Jaedicke , and H. M. Wagner , Eds . , Management Controls . 

New York: McGraw- Hill , 1964 , pp . 75- 81 . 

- ----- , "Financ ial Regulation As a Control System Problem: The Case 

of the Savings and Loan Industry , " Management Science , Vol . 12 , No . 

10 , June 1966, pp . B- 417- 432 . 

_____ , "Budgetary Relationships Between the National Headquarters and 

the Regions of a Non- profit Organization ," Working Paper CP- 316, 

Center for Research in Management Sc ience, University of California , 

Ber keley , October 1970 . 

_____ • Managing Today' s University. San Francisco : J ossey- Bass , 

1974 . 

_____ , "On the Definitional Properties of Economic Contr ol 

Organizations , and Some Structural Distinctions Among Types ," Working 

Paper CP- 395 , Center for Research in Mana.a._-ement s · u 
n c1ence , niversity 

of California , Berkeley., ~1arc h 1977 . 

19 



20 

______ , "Intervention Processes , Modes of Interaction , Incentives and 

Sanctions in the Operation o-f Control Organizations ," Working Paper 

CP- 396, Center for Research in Management Science , University of 

California , Berkeley , March 1977 -

Ba.]derston , Frederick E ., and Austin C. Hoggatt . Simulation of Market 

Processes . Berkeley : Institute of Business and Economic Research , 

University of California , 1962 . 

Barnard, Chester I . The Functions of the Executive . Cambridge , Mass . : 

Harvard University Press , 1968 . 

Cyert ~ Richard M., and James G. March . A Behavioral Theory of the Firm . 

Englewood Cliffs , NJ: Prentice Hall , 1963 . 

Marschak, Jacob , and Roy Radner . Economic Theory of Teams . ?lev Haven : 

Yale University Press , 1972 . 

Papandreou , A. G., "Some Basic Problems in the Theory of the Firm , " in 

B. F . Haley , Ed., A Survey of Contemporary Economics , Vol . II . 

Homevood, IL: R. D. Irwin, 1952, pp . 183-2.22 . 

Phil1-ip.s, AJmari.n , Ed .. Promoting Competition in Regulated Markets. 

Washington , DC : The Brookings Institution , 1975 . 

SimoTl ~ Herbert A. Administrative Behavior . New York : The Free Press , 

1976. 

Willjamson , Oliver E. Markets and Hierarc_hies . New York : The Free Pre ss, 

1975~ 





,A. 

• 

.. 
r 

-.. -

a 

-

-

~ i:nr-

-
a 

S.fC: * -----

-..., 

.... .. 

--

-

-- -,.---

---

i 

F 

• 

C 

l...C' -w.A:,_ ~ i t:--i-:-,, :m-".:S ~ ~& ---
2)~ .,, -~- ~ :.. ....... _"'" 

-,.,,k:.' •• .. ~--- ~ 

be 

-

.::. .. 

• 

.3. 3e?:arrl::.: _ 

,. 

-_.......,., ...... 

.... ... 

S ... ~ e:,-.""""" _......_ --~-

-.. 

.. 

-

.. -

-

S! ' :=: ; --

-

i 

-.. 

VI 

... ~ --

-
.. 

3::3:".:: - --
:-'t 

-

-......... ___.._ 

~·· 

... -

'i_ .:; ·-
<: ... 

.i...;:._ 

-

-

-

-



• 

2 

to the atuty of conornic lly It is of crucial 

1mport.,Etnc, , th r fore, to replice.t_ tl 1, it1....atic and aeeA to ,,nderstand 

it , The d,~tn.il ed rnanner in ·.rbich thi 

discussed in Section 2. 

rk 1 • o be carrie ou.t 1c 

of Brewer and Shubik for implementation of : ~u vor oc t 

scenarios and their impact on experi:ientatian. 

submitted separately~ no further discussion o' th."t ark • i 

discussed in this proposal . 
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U~F GRAt1T PROPOSAL BUO&[T 

Period AUJ!:lst 1, 1978_to July 31 2 1979 

SALARIES ANO WAGES ---·------ - -
1. Senior Per sonnel 

a . Co/Princi pal Inves t iga tor(.tl l 'itle t Step 

Balderston, F . E. Res . Economist VI (38 ,700) 
Balderst on , F . E., Res . Economi s t VI {41 ,603) 

C ' ·,~ 
~ .; 

8 ' 7} 

b. Faculty As soci ate~ 

Sub t ota 1 

2. Other Personnel (Non-Facu l ty) , Titl e & St ep 
a. Research Associates - Postdoc toral 

b. Non- Faculty Prof ess i ona l s 

c. Graduate Students 

d . 

2 Research Asst . 2 mos . 
2 Resear ch Asst . 9 mos . 
2 Research Asst . 1 mo . 

Secretar ial / Clerical 

100%@ $1041/mo . 
50%@ $1n41/mo . 

100%@ $1119/ mo . 

, 
' ; 

lt 300 , .., 
4 , 623 · 

I 

xxx~xx 

• 

l Sr . Typist Clerk , Step 5 11 mos . 10%@ $943/mo 
1 Sr . Typist Clerk, Step 5 J mo . 10%@ $1014 /mo 

X 

X 

X 

X 
X 
1. 

X 
X 

X 
'j. 

X 

1 Prin . Typist Cler k , Step 5 11 mos . 20%@ $1078/mo 
1 Prin . Typist Clerk, Step 5 1 mo . 20%@ 1159/mo 
1 Admin. Asst . II , Step 2 11 mos . 40~ @ 1082/mo 
l Admin . Asst . II , Step 3 1 mo . 40%@ 1217/mo 

f. Technical , Shop , and Other 
1 Sr. Progra.nnner, Step 3 5 mos . 50%@ 1963/mo 
1 Sr . Programmer , Step 4 6 mos . 50%@ 2061/mo 
l Sr. Programmer , St ep 4 1 mo . 50%@ 2216/mo 
2 Principal ProgrammPr, Step 5 100 hrs . @ $15 . 00/hr . 

Total Salaries and Wages 
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Support Rcciui r ed 

X 

X 

X 
X 
X 

X 

X 

X 

X 

X 

1 . 0 
1. 5 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

s 

NSF 
Funded 

4 , 300 + 
6, Q35 + 

4,164 i 
9 , 369 I 
2 238 # 

l,~37 • 
101 

? --2 . -- , .}( 

?~? * -----
h,761 4 

487 * 

~,908 * 
6,186 • 
l , lo8 ~ 

3 ., 000 * 

51 ,198 
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.. BUor,Cf (ton't FOH P[RIOO _ _A~J.!:.._!_, 197~. ------to July_31, l<l~{J ____ _ 

u. FltlNGl: l3[NtFITS (c,harg~ci as a dircc.t cost) -----
of sctlc'\t .. ics 1n~rkrcl \·Ii th * {$.:ih , IQ?) 
of $ul,1rics ntark<'d v,ith , (ll , 235 ) 
of salaries marked vith # (l~,771) 

Total Salatj_cs, \~anes & rri..!llJ~ Benefits {A&_!!)_ 

C. P[l: t•IAl~Fr~T EQUIPMENT (Costs include taxes. ship;>in'J ft inc:tallation) 

Graphics Display Equipment for monitoring and control 

Total Per1nanen t Eguipn1enL (r~ot subject to indit·cct costs) 

D. E XP[flDABLE EQU I PMENT ANO SJ!_Pi_L I ES_ 

Misc. Offi ce supplies , telephone , xerox, etc . 

Total [xpendab le Egu i9.n,ent and Su pp 1 i es 

E. TRAVEL 1. Domestic (ir1cluding Canada) 
2 RT Berkeley/East Coast Conference 

2. International 

Total Trclvel 

F. PUBLICATION COSTS 2 Papers@ $275/ea . 

G. COl•1PUTER COSTS 
Con,puter Ti1ne~, 2000 hrs. @ S 5-oo /hr . 

Airrare 
Per Diem 
Registration 

Includes terminal , CPU , Disc storage and run-off for 2 papers (above) 

4 hrs . CDC 6400@ $420/hr. 

H. OTHER COSTS 
100 Subjects 8 hrs / ea. @ $4. 25/hr . 
Consultants Fee f or design and statistical inference 

I. TOTAL DIRECT COSTS (B through H) 

J. IN DIRECT COSTS On Can1pus 29 % ; Off Campus % of 
Modified Total Direct Costs -$~_-_8~.2~2~1~0~5 __ _ 

K. TOTAL COSTS (I plus J) 

. - -
Supp(Jrl 
Rcqu1 r~d . - ----- -

risr fundC'd . -- -•·- - - -
$ 1, , 8:~R 

10~ 
151 

c:;_h ~Re; 

5,000 

--
5,000 

3,000 

3 , 000 

800 
2Lo 

50 

1 , 090 

550 

10,000 

1,680 

3 , 400 
6 , 000 

87 , 105 

23,810 

$ ll0,915 

Remarks.: The University will cost share in accordance with current NSF policies. 
( CRO Forni II?. ) 
l\ / 15/75 

• 
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BUDGET NOTES 

' A.2.c - Graduate Students 

The budget provides for two graduate research assistants in 

both the first and the second year . Involvement of graduate students 

in this research is important , first , because they can contribute 

gr eat energy and dedication to the research process and to the 

attainment of r esearch objectives; second , and equally significant, 

is the opportun i t y that this will give for deep exposure to experi-

mental methodology in the unique se tting of t he Management and Behavioral 

Sciences Laboratory . These two research assistants are budgeted at 

50% time during the academic year , which is the maximum permitted 

under the rules of the Gradua t e Division of the University, and at 

100% time during each summer of the project . 

A.2.d - Secre t arial /Clerical 

A senior typist clerk is provided for, at 10% t ime, 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, t o prepare r eport materials, experiment documentation re

ports via the Laboratory's RUNOFF editing system, and other clerical 

assistance to the Principal Investigator, research assistants, and 

pr ogrammer s . 

5 



A.2 . d (cont.) 

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

in the first year and 40i 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 

pocential subjec ts; 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 T\1 ; scheduling for 

pilot experiments and experiment runs; arrangement for debriefing 

6 

of subjects at the end of their involvement in the experiment series; 

and arrangement o f 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 II time in the proposal budget . 

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

There is provision in this budget for a senior programmer at 

50% t ime i n the f irst and second years. This progra~r will have 

two r oles for the proposed r esearch project: (1) under tl1e general 

guidance of the Laboratory 's original system designers, the pro

grauuner wil l under take modi fications and improvements as necessary 

in the syst em to accommodate the experiments contemplated by the 

Pr i nc i pal Investiga t or; and (2) the senior programmer will design, 

code and t est applications programs for the contemplated experim~nts. 

In the second yea r, also , the senior programmer will undertake to 
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A • 2 . (cont . ) 

extend the available data managemen t programA of the Labora t ory system 

and will utilize the data link t o the Berkley campua CDC 6400 for 

statistical analysis of experimental da t a. Over and beyond th standar d 

commands of APL , the Laboratory syst em has provisions for interpro-

cess cormnunication so that an experimenter ' s console can control one 

or more interrelated terminal s and can ma intain control of stimulus 

display to the s ubject s . Progr ammi ng needs for exp~riments ustn.,; this 

extended system are budgeted within the 1/2 t i me senior programm~r 

provision, although some routine work may be done by hiring. within 

the budgeted funds, a more junior-level programme r or coder and re

ducing the dollars spent at the senior programmer level accordingly. 

The Laboratory's technical s ys t ems designers , carried part-time 

as needed on the Laborat or y r echar ge account are two Principal Pr~

grammers . These pos itions are occupied by Dr. Charles Grant and 

Dr. Mark Greenb er g , who have led the s uccessf ul design and implementa

tion of the Laboratory system . Budgetar y provis i on is made here, 

in the first and s econd years , for 100 hour~ of addi t ional time of 

these senior people, in order tha t extens ions and mod i f i cat ions of 

the system can be undertaken in res ponse to the demands of t he con

templated experiments. (If either Grant or Gr eenber g becomes unavail

able, the funds would be used for e~ui val ent engineer ing and systems 

consultancy.) 

In the first year • the nm i n sys t ems t asks w i 11 be t o ex t end 

interprocess capabilities to accommodate experim~nt8 for this project. 
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Also, soae vork will need to be done to acco :x!ate ~he use of re orely 

located subjects if the pilot expert- Pt prove.G che nee-J. 

In t he second year, it is proposed to ~urchase and adayt to che 

Laboratory sys tee soi::e graphics display equip, e:ct: for itori:lg 

and control . I t is expected that. tb.e. first year' 6 ex:p-er1cz:,~s, ~lus 

design consul~ancy i.nvolving the Principal Pro-gras e-rs and rhe: sericr 

prog:ra, ,er , vill provide a good basis for set~i.c.g s~l..ficatirns tor 

this . The basic idea is to add snecial equ1.pi1► nc that vi.11 fac i 1 it.ace 

info1c.a t ion handling and rapid- feedback intetve~tions a ~cisioo-

mklng t eaa in the role of a control organizacirm t.hat: is 

and controlling a se t of operating entities. 

c:onitori.ag 

C. - Pernan~t Equi.()L;ent 

in t.his pr oject budge ... : 

1 . Core ~:mcry boards .>~ :'- l i-!,its. 

uot in t he past had the fnl 1 co.3pJ enr>nt. of core ??'iii•rT 
# 

,,. 
!OT 

or iginal design bad mde r ooa. rne proposed project,, -~tb lt..s ~ 

for extensive e xperioent. pr ogr aming and for large sc.ale use of the 

systea during expedc.ent: nms , vill add to an alr ea<ly cive.rs.c user 

co,1,1oicy. To f il l out t he design (.o;::pleeuc of core and thus ir.,crea&c 

response speed, and t.o pr ovide a backup c:erory boan:! for cl.ck re

place, , ot in t he event. of f a ilure during an e&1k'ri:aenr: 1 the bnigec 

provides$ -. 882. 

2 . One DTC cerninal. During die vbole of the t\ilO year pr~ j~t.. 

it is es,..ected that a t.ernfoa l ill need c.:, be reserved for tb.: u.s-c: 

• ► -
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S. (cont.) 

of the Principal Investigator and for placement off- site t o try out 

possibilities for inclusion of a remo te subject in experiments . This 

terminal would be fully compatible with those in t he pr esen t con

fjguration . The present complement of eighteen terminals ha s pr oved 

to be s trained a t times, and it is very difficult t o arrange for 

release of terminals to off- si t e locations because they are needed 

on the system. Purchase of this additional te rminal vill facilitate 

this r esear ch project immensely . 

In the second year, a budgeted amount of $5 , 000 is provided for 

the purchase of graphics display equipment for moni toring and control. 

Specifications fo r this will be developed through the experience 

cf the firs t year' s pilot experiment s , and t hrough design efforts 

of the Principal Programmers and the senior pr ogr~mmer. (See A. 2.e 

for the personnel component of this. ) 

D. - Expendable Equipment and Supplies 

The projec t will involve two r esearch ass istants, a half-tioe 

programmer, and numerous experimental subjects . I t is anticipated 

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

in the second year. 

E. - Travel 

Domestic travel to two scholar ly meetings each yea r is pr ovided 

in the budget, for presen t a t i on of paper s based on the resear ch t"' 

hl• done . 

- _ _. ___ ... - - -- -
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F. - Publication Coats 

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: 

10 

(1) some programming of systems modifications, discussed under A.2.e; 

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

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

runs; and (4) connect time fo r use of the Laboratory' s RUNOFF system 

to prepare and edit documentation reports and technical manuscripLs. 

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-t i me, CPU time, and disk storage. 

In addition, time on the Berkeley campus CDC 6400 will be needed 

for data analysis; the budget covers 2 hours in the first year and 4 

hour s in the second . There is a da t a link between the LaboraLor}· 

system and the Berkeley campus Computer Center t o facilitate this 

work. 

.. --



H. - Other Costs 

Other costs include the following: 

l. Comp~sation of experimental eubj~ts: 

in the first year, and 100 subjects@ 8 hours in 

11 

50 subjects! a hours 

stage, it is difficult to specify hov mi.ch subject usage vill be 

necessary in the experiEleJlt series, but this alloc.ati.oc 1~ believed 

to be at a prudent level. 

2. Consultant fee-experi:::ental design and statistic.al inference: 

There are nunerous special problems of expericental Jesigxi and st~tisti 

cal inference in the conduct of a series of experisents. The Principal 

Investigator feels well-qualified to do the conceptual design, identify 

parareet:er values for use in the decision ~dels, and undertake analyti

cal interpretation of the problens of organization theory that are to 

be studied . He will need expert , highly profession.al help for certain 

of the problems of this Laboratory research, in order to c..api~alize 

on the special capabilities of the Laboratory for running~ experi

ment ser ies and in order to extend and utilize program packages for 

analytical inference. The budget therefore provides for consult.ant

services t o the extent of $5 , 000 in the first year and $6,000 in the 

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

tasks . 

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

The Management and Behavioral Sciences Laboratory of the Center tor 

Research in Management Sc ience i s a uniquely designed facility for con

trolled experimentation in the social , behavioral , and decision aclences . 

Established in 1964 , t he Laboratory is operated by the Center for Research 

i n Management Science , one of Berkeley ' s organized research units. 

Faculty members and student s i n Business Administration , Econcnics, 

Computer Science , Sociol ogy , Educat ion , Engi neering , and other fields have 

used the special capabilities of the Laboratory for both research and 

i nstructional purposes ; and research scholars from a number of other 

un i versities in the U. S . and abroad have been attracted to the Laboratory. 

The Labor ator y contains about 3, 000 square feet of noor area, 

including the computer and equipment and control r ooms , tvo briefing r ooms , 

f our fixed experiment al cubicles , and an open experimental area that can 

be rearranged quickly for diff erent uses by moving sound-proofed partitions 

into place on overhead tracks. The Lab ' s wiring connects to twenty- four 

locations for computer terminals, TV displ ay , TV camer a , and audio 

communication . The closed- circuit TV capability has been used for the 

briefing of exper iment participants and also for r ecording activities of 

semi nar groups so that they can lat er assess t heir own performance. 

Beginni ng i n 1970- 71 , NSF support enabl ed t he Laboratory ' s faculty

investigator group and its systems group to cooperat e in the construction 

of a system of computer support f or st imulus di spl ay to subjects , 

communication between subject s under experimenter control , on- line response 

by subjects to stimulus and immediate source-program r espons e to subjects ' 

1 
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such~ vay that additional peripherala , including 1n tnneatation for 

collecting additional types of data, carj b~ s.d~1 &t l urginal cost 

for engineering interface work, thus enabli~ u~ tc ~c~te a.r!ditlonal 

kinda of experimentation interest over an1 brJond ~ho~~ ~h.at v~re or ~JCh 

high priority , in the Judgment or the Laboratory J...dvis,:,ry ,:.. 2 ,~t.~~, ~ 

to be 1ncoxporated in the present system's user specifica :ons. ?ourth , 

we believe that the Laboratory system is responsive econcci~eJ:y -:.c the 

user who is not normally located at Berkeley. 

During the 1971- 75 development interval, members of "the Le.wr~t-cry 

Advisory Committee, who constituted the investigator group m,Jler s~•s 

development grant SOC75- 08177, and their doctoral stuients ~dertook u, 

develop and use a significant number of experimental control m-OtU-res. - -
These efforts had two purposes: first, to make subst.aLtive progress vi~h 

certain research topics, rather than delaying vork on them tmtil -:he ::e--.r 

system was ready; second, and equally important, to e.ssi.n-e th.a~ the 

performance specifications of the nev system were shaped to the needs o~ 

the user community and to provide a dialogue for conceptualization ~d 

testing of the configuration and software design . It vas difficult u, do 

the development and the research in this way; but now that the systa.. is 

successfully operational , ve are able to point proudly to a collaborstion 

that has realized a system uniquely suitable for controlled 

2 .. Summary of the Laboratory Systems Developnent by Mark Greenbe!"g 8.!ld 

Charles Grant, Co- leaders of the Systems Group 

The f ollowing pages describe the CRMS Computing System developed for 

use in the Management and Behavioral Sciences Laboratory. The compu ing 

system has been in successful operation with ever-groving capabilities 

sint.!e 1973. The \1s~ of the system fur both instru~t.i\.1nal and research 
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st.ea con 1 at. ot 

or 12 m11J1on 32- bit w.crrda each . A tape ,mit is pto·eidec rot tbP p,e~ee 
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32 
ha

rd
- 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 display and a light pen 

for pointing t o information on the display. The input/output int-erface 

was designed so that other devices could easily be insta.lled in the 

system. In addition, the CRMS system is interfaced to a remote- Job-entry 

port of the Campus Computer Center CDC 6400 . 

OPERATING SYSTEM 

The operating system is software which manages all the resources of 

the CRMS computer system in such a way as 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 hierarc hy for the cataloguing by symbolic nSJ:1e 

of programs and data . Furthermore, the operating system manages the 

sharing of information among user s and guarantees that there vill 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 i nstruction processing unit of the central processor . This 

l anguage i ncludes the following features : (1 ) a complete block- structured 

control mechan ism f or specifying iterative and conditional control 

structures ; (2) convenient methods f or accessing and manipulating partial 

word val ues , one dimensional arrays of various element sizes (with 

automatic bounds checkings) , strings of characters, and ring buffers; 

(3) ~ffi cient recurs i ve functions; antl (4) a macro facility. 

- ■ 
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APL LANGUAGE SYSTEM 

The APL .language system 1s a subsyst ot the total C?~ comp-Jter 

system. It is one of the tvo language systems currentl7 illlplemented (the 

other is SIMPLE) . Nearly all research and instructionaJ progra-s a.re 

implemented in the APL 1 angusge.. The APL lang,1age systei provides 

service similar to that of APL 36o. It is an integrated system 01' 

firmware , operating system sortvare, and APL language softvare .. 

APL programs are translated into an internal fon.:a before they a!"e 

executed . The APL microprocessor is then able to ex~ute these prog!"3!:1S 

vith great speed , thus allowing real- time multiple- subject experjaents to 

operate rithout significant delays. 

In order to handle the special needs for experimentation in the 

social sciences, extensive additional features have be-en added to A.PL . 

A multiple-process capability allovs several independent progt ems to 

operate und~r common control. The multiple-terminal capabili'ty a]Jovs 

the multiple processes to control input and output to up to 32 term.ioeJ~. 

The file access capability allows logging and recovery of data du.ring 

execution of an experiment program. 

RUNOFF 

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

on the CRMS computing system. RUNOFF allovs the text of documents to be 

typed i nto the computer system. Mixed 'With the text a.re coU"Daods which 

specify the f ormat in vhich the text should be printed. This text and 

comma.on f ile i s then processed by RUNOFF and a finished document can be 

printed . The RUNOFF syst em facilitates s uch documentation features as 

margin justification , page headi1ig , footnotes, irlent1tt ion , page n\nnber ing , 
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W'lderlining and centering. E.xis in 

corrected by using the ~ext.- e it!ng fa~ilit. e . 

• 

.. 
• 

• 
• 

• 
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