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ABSTRACT

~ This study grew out of the recent trend toward‘ciosé1y~coupled,
man-machine decision systems which have been made possible by the
advent of online computer systems. The study is aimed at evaluating
the effect of terminal systems on the use of mathematical models and
the resulting dynamics within an organization's information environ-
ment. It represents a proposed addition to our present understanding
of the needs and characteristics of terminal decision units, an under-
standing which will be the basis for advanced management  information
system design and development,

In the past decade work in the grea of terminal systems has |
been largely oriented toward the technical problems of developing
the necessary computer system components. Relatively little research
has been carried on to relate the transformations in the decision
system brought on by online applications to other organizational
systems, The analysis in this paper is an effort to overcome certain
of these shortcomings. .
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INTRODUCTION

Rapid Qeveiopments'are being made in the realization of com-

puter. systems wﬁich are both éasily accessible and convenient aids to

human intellectual processes, We are, in fact, approacﬁing an era in

which the concept of a closely-coupled, man-machine-information net-
‘ A ‘ .
work will become a reality within the management information systems

of organizations,'.The orientation of this research'project is toward

certain specific problem areas related to transversing the boundary of

, this“é:aw-designing an information system that can effectively meet
o

the information needs of decision units in which online computer sys=

tems:pfay an integral fdle in the problem-solving processes.

This study represents a preliminary éffort at a systematic
analysis énd concepéualizétion of the needs and characteristics of
terminal decision units. The‘components‘making up a terminal deci-
sién unit include a human element that has a direct interaction with

data bases and formal models through the medium of an online computer
. {

system. Gain{ng an understanding of the terminal decision organism
| , .

is a key to the successful development of the next generation of

management information systems.

1
|

" A basic rationale for this work is the belief that online
applications will have a significanf effect on the information needs

of decision makers. The failure to meet the information needs of

evolving terminal decision units has. resulted and will continue to

,
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result_in frustratioﬁs leading to barriers agaiﬁst online system
usage and the reiated drganizational benefits which have been well
~ documented invthe literature and pract{ce.l/ |

| This paper examines bné facet of the possible dynamics
‘érising'from tﬁe use of fermina1~based systems within an organiza-
tion's environﬁent; The dimeﬁsion considered is the transformation
in thé role of compdter-baseq mathematical models as a computational
pértner in a heuristic problem-solving Feam.g/ The findings of the'
study suggest that terminal-based éystems can offer a computational
architectu;e which will‘affecﬁ bqth the extent to which formal models
are useﬁ within‘organizatioﬁs‘and the fypes of modeis employed.

The backg}ound'for the study has beén ﬁn examination of the
~use of various oqline systems within both mgnufa;turiﬁg firms and
commercial banks. The sﬁﬁdy also builds on existing Iiteraturé in
~the area of online systems. The 1itera£ure has tended to be struc~
tured around discussions of computer hardware and software and some
generalizations about the nature of huﬁan problem sdlving in a termi-
ﬁal environmenf. The or#entation of this papér is somewhat unique
in that‘it emphasizes the man-model interface and iﬁs implicatioﬁsl

for information systems design.
.

| Mathematical models

The term "mathematical models" can be broadly defined as
' 1

symbolic representations‘stated in terms of mathematical notation.
Within the framework of this paper it is appropriate to include in
this definition logic or descriptive models, such as thosebspecified

" according to current accounting or other parafinancial considerations.
| .



To.establisﬁ a proper perspective of mathematicél modéls withiq the
' construét of a términal decision unit it is helpful to view them as
part of a system which is defined by'a veétor congisting of the
following components: abstraction, man}pulation, interpretation;

3/ ‘

and experimentation,=

Mathematical

Real v - o
world ——————Abstraction (A)-——————v—> system
Experiment ' Mathematical
(T) , : argument (M)
\Jf . . | o .
' Physical : | : Mathematical
conclusions . In;erpretation (1) | conclusions
|

y Figc 1-

The ﬁan-model reLatiénship can be described in the fqllowihg
manner. An analyst begins with some aspect of the real world and by
~means of a process called apstraction (A) mapé his objective system
into some mathematical system, called the mathematical model, Foljx.
lowing the abstraction, the analyst uses mathemafical arguments (M)
to arrive at théofems or mathematical conclusions. The cpnélusions are
then interpreted (I) into physical conclusions about the real world.
The physical conclusions arrived at through the AMI (abstraction,
‘méthematical model, interpretation) process can be checked by experi-

ment of test (T), and the validity‘of the model is measured by the

closeness of fit betwqen the test results and the theoretical results,
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The benefits to be derived by a decision maker from the use
' 1

of méthematical modelb are legion. A dgcision maker must deduce from

data received the past, present and future behavior of relevant envi-

"~ ronmental systems for purposes of choosing among alternative courses

~ of action in order to bring about desired behavior. But he is con-

strained in making the necessary decisions because of his incapacity

to store and manipulate large quantities of data and‘hié inability to
deal with extensive amoun?s of unstructured data, |

o A computer-based‘mathematical model enables a decision maker
to ﬁse an abstrgctidn,of real worid phenomenon énd the calculating
and data storage capébilities of a computer as a basis for combining
scattered'pieces'of‘data into'an integrated and meaningfulvpicture of

the component states of relevant environmental systems. By facili-

tating feature extraction such a model can help overcome certain of

‘the cognitive limitationsvassociated with estimating system states

and interrelationships.

The cgpabilities of the ébmputer, harnessed through the use
of formal models, can also allow the decision maker to experiménf more
readily Qith various 'environmental sifuations. Computerized
mathematicallmodels can assist the user in the fanking of alternatives
under various seté of assumptions through parametric investigations
and sensitivity analeis. ‘In this sense, such modéls can sharpen
management's judgment and extend the range of its intuition by
permitting a decision maker to correct readily his prior probability
space and component values ;f state vectors,

Management scientists have not found it too difficult to con~

strucu.mathematical representations of processes related to various

N



aspects of decision making. However, the effect of such systems on
“'managerial processes has been limited. For the most part, decision

makers have found computational systems structured around large-scale

i

‘automata ‘urusable in theif present ‘state except for the

pﬁrposes'of data retrievél and solving highly structured arifhmetic
icaicuiations. ‘ghe price'of‘thé introduction of available combutational
.syétems has oftén béep a combinafion of oversimﬁlificatidn and over-
complication--oversimplification of the actual process and overcomﬁii-

cation in the épplication of analysis. The toll of these excesses has

!

tended to force management to learn to get along without a dynamic

interface with mathematical models by establishing their own internal
' systems to accumulate a semblance of the information which they might

acquire,

The evolution of terminal-based systems has reduced and will

t
I

continue to reduce the barriers in the use of computer-based models.
The effectlwithin organizations that participated in the study appears
‘toibe a stimulation toward greater use of formél models in decision-
‘making'activitieg. The related environmental dynamics are also repre-
sented by variations in tﬁe extent to which certain typeé of algorithms
are used within an organizatioh.

A catal&st for these transformations which acts as a focal
point for this paper is thé,evolving role of the human in the computa-
pional operant. This is a result of the employment of terminal éystemS‘
within organizatio#s. In a very real Seﬁse a qser's'perceptions of the
world become a primary input into mathematical analysis; or, 'in other

words, the experience and insight of managers are integrated into the ana-

lytical framework. *The resulting heuristic-analytic loop ‘can, given the
! | '
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findings of this study, overcome a number of the barriers which have
restricted the role of computer models as partners in‘decision-making
.aétivities.

| In many ways this paper is‘anal@goua to the Bayesian philosOphy.
'Itvis concerhed with a broadef B;se of analytical techniques and the
relevaﬁt interface Between the éubjective and objective elements‘is‘not

| :

'Baygsfs theorem but an online computer system, lWithiﬁ this framework
it is proposed thgt the essence of terminal-based mathematicallmodels
‘may be &istinguished by the role of the user's heuristic capabilities
in'the computational ;rchitecture.

%his paper begins with a brief explanation'of certain 'technical
advancements which have affected the character éf terminal decision.
Sections IIT and IV deal with the nature of user‘inVOIVement in terms
of model and data—base:design and development. Séction V expands on

the heuristic role in the computational architecture, and Section VI

on the impact of the research findings on, data neeas of decision‘units.

L II

TERMINAL-BASED MAN-MODEL COMMUNICATION CHANNELS

Activities related té the use of computer-based mathematical
models include: (L) translétion of intuition to a mathematical form,
(2)'transfoqmation of the mathematical form to machine-readable form,
3) a cOmputationalvpbase, and (4) interpretation éﬂd.téstiﬁg of the :
‘results of the analysis. | | |
Traditionally, the decision méker has coﬁtiqualiy had to rely

on operation researchers, systems analysts, programmers, and machine

operators on a continuing basis to ‘assist him in the use of mathematical
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models.k Such computétional systéms tended to be characterized by a
ﬁigh 1eye1 of nois#, frustration; inaccessibility, as well as‘uﬁac-‘
‘ceptable ti@e delays arising in the coding, calculation and transla-
tion of é given datum, In general, the system controlled the schedule
of the problem-éolving activities of the usef.' With some degree of
certéinty, oﬁe can suggest that the attributes of such computational
systems have severely restricted the extént to which mathematical |
formulations are used within organizations.

The man-modeél communication channel has been significéntly
reshaped by the evolution of online computer systems. In part&cular,
the user now has tbe capability of direct access to models and data
bases stored within‘fhe computer information structure. As is pointed
bout in this paper, this type qf ﬁan-model linkage éan piay an importaﬁt

roie_in overcoming téchnical? econoﬁic and psycﬁological constraints
felated to the uée of mathematical models in all aspects of problem-
solving‘activities. Figﬂre 2 illustrates certain aspecﬁs of the com~
_ putatioﬂal architécture restructuring which can be traced to the evolu-
Eion of terminal éystems.‘ The resulting system design suggests greater

" participation by the user in many of the phases of model usage.
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The feasibility ofvintegréting mathematical models into

heuristic problem solving has been enhanced
- tion computing.
system by using commands'similar to, if not

language.

by the concept of conversa-

in this mode the decision maker can interact with the

identical with, his native

Progress in the areas of compiler and terminal design have

largely overcome the complex problems related to the intelligible com-

~munication between the syétem and the user.

1 B
For example, on request



the system can botﬁ review the model structure and‘néedéd data input
for the human and then request input data in highly strugtﬁgéd and
‘easily ﬁnderstood format;

~ The effect of having the usér directly integact with a computer
information structure‘is; invpart,'a reduction in the time and effqrt

ekpended on the necessary.abstraction and interpretation bhaseé of
model development aﬁd use, Inféracting directly with the'computatiohal
and data storage capability”of a computer system can improve the effi-
,_ciehcy with which a decision méker cafries his intuiﬁion through the
»relevant»translations‘described by the AMI process--intuition to mathe-
matics toéomputér-gccessibleform to computation and interpretation.

The effect of direct-access computer systems on the economics of model

usage.is also represented by the cbncept of computer and model utilities.

Computer and model utilities
. ’ ’ ' . '
Advances in computer technology and data-management techniques
have resulted in multiple-access systems which have been characterized

as utilities, ' Such systems can support a large number of users whose

usage time and job characteristics may be seen as being random in

character. Time-éharing combuter systems can reduce the cost of
employing the cohputer iésource in different phases of model use and
development, |

In a similar'sense the large model banks which are supporteq
by many commercial veﬁdors may aiso be thought of aé utilities and can

have a similar effect on model usage cost. This is becoming especially
‘ ‘ v

true as the systems present the user with a flexible set of model
building blocks. Many models are now available in this mode that have
. ' | . '
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| v : \
builtwip flexibility;thereby permitting the'usef to consider a number
'of different altérnatives in tefms of variable definitions and relation-
~ ships. Also,lthé user is often able to tie together various algorith-
mic techniques in order to create a model which best meets his own
ﬁeeds. ' The development'énd maintenance costs of models in this type
of system can Ee shared by a iarge number of users. The.effect is a
sigﬁificant cost savings f0r'each of the individua1>usérs of a model
utility. | |

‘ The evolution of terminal systems has enabled a closely-coupled,
o .

heuristic-analytic loop‘to becomg both technically and economically
feasible. A fegultant‘trénstrmation ﬁhich is bccufring in'decisioﬁ
systems is ihat bgttle'ﬁecks related‘tc the use of computer-based |
mathematical modgls have shifted from the apalytic to the heuristic

: ' o

. elements of the system.
. t

Real-time systems

To an ever greater extent, firms are meeting the challenge 6f

an increasingiy dynamic environment by employiné telecommunication and
iother‘terminal systems for the purposes of "féal-time decision making."
It is‘important to point out that a systeﬁ ﬁhich is capable of realw- |
: timé information transmission is necessary but not sufficient for real-
timé_deéision ﬁaking. The information system must facilitate ﬂeéisionl
makiﬁg in réal time by supplying the decision maker with the tools
fnecesséry‘to exist in a rapidly chaﬁging busingss environme;t.
- Coping with evolving environmentél.dynamibs will requiré most

managers to adopt a new stance toward the future. The past will become

less and less a viable basis for decision making. In such instances,



pgrhaps tﬁe oniy wa§ to obtain needed qualitative data for decisionA
making is by means of.suitably éhosen quanfitative &ata. But, implicit
in such a'decision-making framework is a huﬁan who is operating online
with a set of mathematiéal models #nd‘data bases frequently modifying‘
and restructufing Both his hypotheses ;nd action space thf&ugh experi-
mentation. To eéist in a real-time environmeﬁt,decision-makers may
well be foréed to integrgte mbdels and online data-retrieval teéhniéues

[ 1

into their problem-solvipg activities,

Summary
A key underpinning to this study is thg idea that tefminal sys-l
‘tems can play a dominant role in ovefcoming‘various barriers related
to tﬁe use of'computer-gased mathematical models. The effect w111 be
-%elt,iﬁ terms of almode} dynamics‘defined by the extent to which formal
models dre used and the types of models éommonly employed within
orgénizétions. ‘ | | |
The next sections of the paper expand on various facets of this !

1

érgﬂment. It is imﬁortaht #o note, however, that internal and external
p;essure' arising from the inéreasing raﬁe of en&iroﬂmental change (in

_ pért reflected in the evolﬁfion of high-speed data transmission systéms)'
N is likely to force users to telescope thé‘time frame of their historical

_perspective and into the use of "laboratory" experimentation structured

around a network of computef-based mathematical models.

, III

' MODEL DEVELOPMENT

t
In the past, users--and even more important, potential users

~--of computer-based mathematical models in a management environment
_ . , ,
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had little or nothing to do with the dgsign and development stages of
the algorithmic systems.v'M§de1 builders and usérs tend to exist in
two different worlds whith are likely to vary in terms of methods,
' ‘goals, and philosophical climates, For exémble, model Euilders oféen ;‘
deal in generalities, wﬂile the user must deal with specifiCS' the
bu11der is 1ike1y to be motivated by efficiency of computation, the
user with the effective realism of a systém. |

In cﬁhtrast,|an attribute of the terminal decision éystems
within participating‘organizétions is a‘gfowiné user participation in
m&del developmeht #ﬁd implementation. Examples are some major New
5:York banks in which a large percentage of their operating terminal

t .
mode models have been conceived and developed by users. The prerequi-

jsite training for many of those interviewed was instruction in a com-
puter 1§nguage such as basic and at léast some exposure to certain
statistical and énalytical Eechniques. This ?ather limitedbtechnical
'lbackground was supplemente& by a terminal system's capacity‘to affect
usér learning aﬁd the system networking capabilitieé within a terminal

environment.,

Effect on learning

The extent to which a model will be used is largely a function
'df the level of understanding of the model by the user. The initial
conceptualization by the average manager of existing computer-based
.computatlonaL systems is characterized by confusion, doubts, and
missing information—-in short, it may be characterized by a high degree
of uncertainty. |

This uncertainty can be overcome through experimentatibn and

' learning. However, given the trainiﬁg of most decision makers, the
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time and effort‘neeeed to gain the necessary appreeiation‘ef a model
"structure and data requirements.has prevented the required learning
ﬁrocess from taking place.

Man-machine interaction throuéh a terminal system can help in A
overcoming this problem by effecting the learning process in terms of
.experimentation, reinforcement and instruction. Given the findings of
‘this study, one can hypothesize that the effect‘on the learning process
is sufficiehtvenougﬁ te allow individuals with limited techmical :
training to make use of and earticipate in the development’df-mathe-
matical models. | |

In the case of models which already exist, a terminal system
‘can introduce the user to the issues and problems related to model

usage much faster than otherwise possible. A person can rapidly get

a feel for how the model works tﬁrough direct experience. For example,

insight into the validity of a model can 5e obtained by varying the‘

- input paraﬁeters and/or the decision variables and checking to deter-

1

‘mine whether the oﬁtput of a model behaves in e plausible manner.

| ‘Didactic teaching which can be programmed into a man-machine
interaction can also effeet the learning process related to model
usage. Existing systems have the capabilities to:

‘1. Provide answers to qeestions. For examﬁle, the system
can, on request, both review the model structure and
needed input for the decision maker.

2. Evaluate recommendations. Systems can evaluate responses
of users as to whether they are correct or incorrect. A
simple example is common diagnostics.

3. Assist decision makers who are having trouble either
answering questlons or recommendlng appropriate g
slos i ha Halos e vser Las
the flex1b11ity to- requeo )pec1flc help from the
system and receive appropriate instructions.
|

"ﬂfz‘\‘\":"‘fr"(> A+ o
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This type of instruction can reduce the understanding needed to employ
certain techniques in the decision-making process.

Practice and instruction alone do not produce learning. In
@fa@f ﬁg ensure learning, it is neéessafy to empley thée eperation of
‘reinforcement, A reinforcer isveny object or event that, when presented
_with a response, serves to increase or maintain the‘sfrength of e
response. The timing of reinforcement in 1earning is important. ‘The
‘immediate response possible in a terminal environment can nofelreadily
‘allow tne learner to zero in on a correct response, thus significantly
increasing the efficiency of the learning process.

The following dialogue is representative of the type of
instructional support available on many inhouse and commercially
offered time-sharing systems.é/ ‘In this particular case the system is
questioning the user asvto the type of' output desired. At any point
the human may request assistance bf fesbonding with tne command "heip."

(System) FOR BALANCE SHEET: CHOOSE PERCENTAGE (%) OR
' DOLLAR ($) REPORT?

(User)  HELP

(System) YOU MAY HAVE THE PRO FORMA YOU HAVE REQUESTED
EXPRESSED IN PERCENTAGE TERMS (TYPE %) OR IN
DOLLARS (TYPE §).

(System) CHOOSE PERCENTAGE (%) OR DOLLAR ($) REPORT?

(User) $

(System) ALL REPORTING PERIODS (YES OR NO)?

(User) HELP

(System) TYPE YES IF'YOU WANT BALANCE SHEET AND INGOME
STATEMENT DATA FOR EVERY PROJECTED PERIOD, THE
SHORT FORMS, BOTH BALANCE SHEET AND INCOME

STATEMENT, PRINT SIX PERIODS ACROSS THE PAGE.
THE LONG FORMS ONLY PRINT FIVE PERIODS.
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(System) ALL REPORTING PERIODS (YES OR NO)?

(User) NO

(System) FOR EACH COLUMN, SELECT REPORTING PERIOD?

(User) HELP

(System) THE BALANCE SHEET REPORT WILL PRINT UP TO

- SIX RERIODS ACROSS THE PAGE FOR THE SHORT
FORM (FIVE FOR THE LONG FORM). YOU MAY
SELECT THOSE PERIODS YOU WANT IN ANY ORDER
(INCLUDING PERIOD O IF YOU WANT BEGINNING
BALANCES), SEPARATE EACH PERIOD REQUEST
 WITH A COMMA. | . :

A rationale ifor pfedicting greater user involvement in the
development of models can also be tied to the trial-and-error accumula-
tive learning'pr0cess which is possible in a terminal environment. In
creating a model, rarely can one expect the initial set of variable
interconnections to generate the desired input-output béhavior.

- Several trial inéefconnections are usually analyzed with the developer
1éarning’thfbugh experimentation. Such a learning process can be
made more efficient in a terminal system, and reduce thereby the time
and effoft expended on model development and bringing this process
into the feasible set of activities carried onlby decisfon makers. In
other words, given some informationléoncérning the structure of a
system and some observations of inputs, outputs, and internal behavior

over time, the model developer can quickly determine the missing

information concerning structuré, inputs,'and outputs,

Nefworking capabilities
Direct access to a model bank also enables a user to network
together various model building blocks. The employment of modular

design techniques hés allowed éésier model synthesis. For exampie,



making a model mofe complex is a re;atively simple matter for the user,

He can break old connections and introduce new parameters inba matter

of m;nutés. This approaqh is to be contrasted with the more conven-

tionalvépprdéch involviné difficuities with intuitive interaction and
'Iexpendituré of‘tiﬁé.

One of the systems studied included a hierarchy of models |
which'éould be rea&ily networked togethervin a terminal mode inlorder
to match fhe computational architecture with a user's needs and abili-
ties. The basic level of the system was.characterized by a determin-
istic simulation model defined by a~p;raf£nancia1 lbgic structure.
This stage offers the'usér a laboratory to experiment with different

ehvifonment-decision-performance relationships. The ouﬁput is‘defined.

by‘financial reporté required for internal reporting purposes. .

Internal
environment
assumptions

‘ : ' Budoet : Performance
Deeisions > & ————>| reporting
‘ model ,
3 , ‘ mechanism
/Pv
1 - |
External
environment
agsumptiods

Fig. 3.



'Given thiévbasic structure, the user can draw uﬁon a system of
- statistical Eéchniqueﬁ to assist in the representation'of.thg element
‘iof ;nceftainty. The networking of thg two systems makes possible
probabilistic statements about the future. ' The new‘system accepts

| both present décisions and future policies related to decision rules.
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Fig. 4. :

A 1ogiéal advancement to the existing capabilities would be to intro-
duce optimization techniques. The availability of optimization pro-

grams would, of course, bé a source of additional decision alternatives.
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| User involvement in model development andeesign will be

further enhanced'by the evolution of computer 1anguagés that enable

one to construct mathematical systems., Important advancements have,

been méde in the area of computer dialects tailored to the needs of

jargon and the idiosyncrasies of the u

model builders, Increasingly these dialects reflect management's:

ser. Such techniques can

enable'manageES‘moré readily to participate in constrdcting model
| :

~ specifications.

- Summary

{

t

The extent to which a model will be used is, in large part, a

function of the extent to which the user feels it adequately represents

his environment. By affecting the learning process and the level of

user involvement in model development, terminal systems will have an
. | .




-19-
|

impact on the veracity of the computational system in the user's eyes.:
His increased faith in the system will be'likely to result in his

1

~ increased use of formal models.

v

DATA BASE DESIGN

An implication of the integration of formal models into a

" - decision-making unit is that the information system'supporting that

 unit must be structured so as to meet the data requirements of the

' ’ .
models employed. A barrier for most organizations attémpting to

employ mathematical models has been thé inadequacy of internal data
. ' t . '
bases to provide sufficient amounts and adequate quality of data.

Neil Churchill and Andrew Stedry have pointed out that data generatéd

-+ from existing accounting information sysﬁems may be inadequate where
L | '

sophisticated planning techniques are available, particularly in
terms of parameter estimationfé/ |

There are two important sets.of daﬁa bases within any
érganization, One is maﬁe up of a formal filé structure, the other
is stored within the human information structure.
Online systems dre widely used to.supply difect access to

those files stored in a computer system--one part of the organization's

formal file structure. In a similar sense;'a terminal system has

-direct access to a user's memory. A properly constructed dialogue

can he the basis for obtaining needed data by means of the intuitive

estimates of the user. The system can help the user in his efforts

- as a data generator by, among other things, the immediate testing of

_the validity of his estimates. The trial-and-error search between

|
'



man and terminal-based models iﬁ the systems studied was an importanﬁ
source of data; particula?iy in terms of the esfimates of probabilities.
In such sysﬁéms, the user was also responsibie for dealing with the
'>possib1e iack pf independeﬁce among variabie‘values., |

| The de;elopers oé'a probabilistic'inférmation éystem which
was'studied gav% a gféat deal of credit for phe success of the‘sjstem‘
to the fact tha£ it was terminal based. They pointed out the conven-
‘ience and COétwsaving factors related to such syétems. The‘structur;
also enabled the deveiopers Lo more rea&iiy accéss data bases. stored
within the humaﬁ infbrmation'structuxe and to use this corporate
‘:resoufce iﬁ overcoming the inadéquaéies of formal data bases.

Given that managers are typically men who are heavily involved
in the Qelevént problem-solving areas; employing a hpman in a system
used to ﬁevelop and mainﬁain data bases is not unréasoﬁable.' It is
inferésting to note that' research carried on ét the University of
“Miéhigan has shown thgt deéision makers are capable of estiméting
conditional proﬁabiiities with accuracy sufficient enough to serve
as a basis for decision making.é/ |

"An illustrétivé examéle of employing online capaBilities for
parameter estimation is given in a paper Ey Glenn Urban.l/ Urban
-suggests that relationships which may not be estimable with exisﬁing
econcmetric techniques cén be derived by uéing a trial-and-error
.search routine thrdugh a remote terminal., He points out that this
methodology w;uld ﬁot'be applicable in a batch-processing system.

Terminal systems can further assist a user in overcoming’

possible deficiencies in internal data bases by offering direct access
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‘td external data bases.. Any.number of commercially developed and
“'maintained data bases covering a wide spéctrum of activities are
availab%e on a direct-apcesé basis to users whd.ﬁight otherwise find
“the data unavailable.

In the evolving computational architecture, terminalvbased
.models are like%y to be online with at least two data bases: ‘the
‘formally structured, internal data bases within the computer informa-
tion structure; and at least as important, if not more important, éﬁe
data stored within_the human'information structure. In a terminal
mode tﬁe latter is merely another example‘of how man's intuitive

capabilitiés have been effectively welded to mathematical models.

\
THE HEURISTIC ELEMENT IN MODEL SYSTEMS

Full information about a problem iies outside mathematical
models and'data bases. ' An advantage of terminal systems is that they
| ‘allow the decisxon maker's capabilities, such as pattern recognitlon

and intuitive understandings, to be integrated into the computational
operations in préblem‘sol§ing and probiem formulation. Online systems
offer a means by which the user can dictate his role in the computa-
tional architecture. The user's capacity to act as a data generator
and further to modify vafiéble definitibns”and relationships can add
a new element of realism to models--the heuristic capabilities of the
'user: Judgment anq intuition are used in designing the models, in
deciding what alternatives to considér, what factors are releVant;

what the interrelationships between these factors are, and what

criteria to choosé in interpreting the results of the analysis. This
t I .
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fact--fhat_judgment and intuition permeate all the analysis--should be
‘rémembered when we examine thé ﬁ;ture of Ferminal-based mathematical
.models; ' |

Ali decision makers appreciate that models caﬁnot take every-
thing into account. This is particularly true in dealing with‘the‘
 nebu1oﬁs, nonquantitative considerations. Those'aspects_of a terminal
énvironment which can be described formally are incorporated into the
computer model and readily coupled with management's appreciation of
its own environment. The heuristic—analytic lo;p in a terminal system
providés the opportunity for the‘trial—énd-error accumulative 1earning
which is applied in suécessive steps in probleﬁ solving, In this
environment, problems are redefined and decision rules re-evaluated
and restructured in new decision model aiternativeé.

Oﬁe effect of suéh changes is likely to be a move toward greater
use of those modeisIWhich e@phasize cogqitive processes in decision
making. Such models will be characterized by a sef ofls£ngle decisions
in which each decision attem#ts to improve the outcome in view of new |
information gaiﬁed in previéus decisions. Man is faiyly well suited
for this modeling role in that he can recognize patterns quickly and
recall informatioh'th;ough association and 1earniné.’Anbthér effect
‘will be to move decision makers\glong ? speﬁt;um from no formal search
to a good deal of nonprogrammed formal search.

.The economics of terminal systems permit,lin fact.encourage,
the séarch process., The human's role is largély one.dﬁ‘generating and

evaluating various alternatives. The computer cdrries on the necessary

calculations.
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‘In existing systems the effectiveness of the search process is
largely a functioﬁ.of the user'élability to apply subtlevheuristicé.
The role of man is 1imitéd éomewhat Ey his inabilities to considef'laqge
numbers.of variabieé tied‘together ﬂy ill-structuréd relationships. As
search protesses become increasingl& complex, users will undoubtedly

seek to formalize search strategy in order to increase the efficiency

i
'

of theif decision making}
| ‘Régressiéﬁlanalysis hés been used in some systems to formalize
' aﬁ'aspect“of the éearch process. An omnline budgeting system.employe&
this statistical téchnique as a basis for detérﬁiqing the openihg gam-
bit for search. This was done by generafing information on an initial
set_of‘variable values. From the iﬁitial point on, tﬁe ﬁsef would
apply heuristics. |

| The user's problém is to draw from the‘data bases availablé
to him a constellation of variables fhét somehow determine the state
or outcome of the variéblés under review. Very'often the isolation of
‘these clusters will enable thg user to postulate a géneral’sef of
factors which determines much of the phenomena with which he is con-
éerned. By using regregsion analysis the user is better able to deal
with a set of eﬁyironﬁental variables an& relationships in attempting
to gain knoWledge ;bout thé gffect of alternative courses of action.

. In the case of the budget system studied, econometric relations
were‘used to relaté certa;ﬁ key variablejvalues to projéct period‘
financial statements. A% each period the user could display the then-
current financial statements and make new decisions which might o§er~

ride those established through the regression analyéis. This procedufe

is repeated until he has stepped to the end of fhe planning horizon.
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The préduct'is a sequenée of siatements over the'planning horizon.
‘JBaSea on ﬁis analy;is'of this output, the user might decide to modify
certain éf his assumed debisi&ns. He tould then repéatlthe sequeﬁce'
of steps and Creaté a new set of projectgd financial'sfatementé;

Throdgb discussions with users of such systems it was deter-
miﬁedvthag in the‘resultént analysis of the budget by a review committee,
both the most likely set of variable #alges and the nature of the search
involved in generating them came under scrutiny. The users who were |
qdesiioned exhibited a concern for introduciﬁg techniqueé within tﬁe
Syétemrthatlcould éssist them iﬁ their search process--a set of pro¥
.cedures thaﬁ would help them.in both communicating and justifying their
seérch process, ‘ .
| This is not sufpriéing,'in fhat acknowledging search requifes
an explaﬁation éf howzit is considered in making a decision. Lacking
such a plan for exélicitlyrconsidéring search could force‘the decision
maker to resort back fo progedures that ignored search in a formall
sense; |

~In examples éuch‘as online budgeting, the human, in performing
- online prognostié anﬁ diagnostic work, is likely to concern himself
with a'rélatively:small set of variable values in térms of the total
relevant setv‘ He may rely on some type of qﬁantitative anaiysis to
estaﬁlish relationships that are not of immediate éoncern to him.
Having defined his '"relevant" set of variablés; it is conceivable that
fhe ﬁs;r could then rely on formalized search techniques such as hill-
bclimbing qptimizatiqn, in order to determine the complex relationéhips
between the variables andvthé set of variable values that maximize his

t

objective function.

T
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Some rather complex search processes were observed within the
terminal systems considered. One'example involved search along a multi-

dimensionalyreSponse surface. This type of search is common in those
de;isibn.areas'in which nego;iations‘invblving at least two objective
~ functions and g set of consfraints are carried out. A particular
exémple of the‘use of direct-aqcess’éystems in this area is multi-userl
coéperation in problém‘solving ihrough a single model. If is possible
that 'such cooperation could eliminéte suboptimality beyond that which
is possiblé within existing compuger information systéms.g/ .The sub-
' optimélity in this case is broughf on bykthe disaggregapioﬁ of decision
areas which are not indépen&ent of each othef. -
| As search prﬁcesqes become incfeasingly moré complex, the human
will need the assistance of a master search plan or strategy that com-
bines échieVement.with-exploration. The seaFch strategies which may
be introduced into the syétem will define an important aspect of the
data requirements of terminal decision units. The following comment
by C.‘Churchman is of relevance in considering the importance of search
strategies in a tefmiﬁal environment:
The rich fechnology of mathematics and logic permits us
to lay out alternatives in a very implicit way. However,
there is little technology that guides the manager in the

selection of relatively new alternatives or in 7he considera~
~ tion of the alternatives of the larger system.g

o
VI

' . IMPACT ON INFORMATION REQUIREMENTS

. ' _ ’
[ _

By creating an environment in which a user can more readily

: indorporate‘mathematical models into his decision processes, 'terminal

! [
systems will influence the information needs of decision units. 1In
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A
thié section.some_géneral observations are made as to the type of
transformations that might occur in an organization'é information
environmeqt.v '
‘;A model dECermineé,‘inllarge part, the information a manager
can use, and the model itself has data requirements which must be met.

Models can allow a user to deal more effectively with a large set of

variables. In existing information syétems the amount of data compres-

sion is commensurate with the limitations of man. In a terminal envi-

ronment in which the decision unit can readily deal with a large set

T - ‘ '
of variables, it is likely that lower level variables may obtain a
poSitiqn of relevance not found in a nonterminal environment. Reducing

the extent of daﬂa compression in an information system is also one

possible means of expanding data bases in order to meet the data

: : ' o
requirements of various quantitative techniques.
I

Another interesting example of the data requirements related

to model usagé is in the area of control. In conventional systems, the

only organized information available about deviations usually relates

‘to total deviations. Iq‘the case of terminal-based planning units in

which mbdels are likely to play an integral part, ﬁot only shoﬂid pre-

“dicted outcome variables be compared with‘corresponding actual vari-

ablés, but the planning model itself should also be subject to the

same sort of control. It will be necessary to break down the total

. deviation in ordér to establish those deviations due to errprs in the .

mode}ilg/ ‘ '

" An additional transformation in the information environment

- will arise from the influence of tefminal systems on the'types of models

~used within an organization. One such transformation is that from
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verbal mo&els to maﬁhematical models., Other importanf trendé identi?,
- fied within the latter set include moves toward modéls which emphasize
thé cogni#ive strengths of the human and moves from deterministic. to
probabilistic types of models. -

' The rationale, in parf, for developing formai'modéls is to

_ | ‘
expand the decision maker's ability to search through alternative
courses of éction; Given the extent to which terminél decision uni?s‘ |
_ make use ofvmathématical,models, it isln;t tob surpriéing to find
vforﬁal séarch playing an important role in their ﬂecision-making proc-
esses. In turn, however, the terminal decision unit will need data.
‘generated both to stimulate and guide the search process.

The non-human element of the system must also act as a "trouble

" whereby it acts to support a decision maker in the develbp-

shooter,
ment:anq use of terminal-based mathémqtical models. The system must
héve the capabilities of meeting the user's information needs 'in terms
of (1) énswering.questions, (2) evaluating.fecommendations, and |
(3 assistiﬁg decisién makeré who are having trouble eitherfansweriﬁg
questigns,or recommehding aépropriate feSponseé.;

1A designer‘bf the next genefation of information systems must
.  consider ﬁhe data needs related to the functioning of various algo-
rithmic techniques which are likely to be integrateé into the opera-
ftions of terminal deciéion units, This ié necessary, not only to
‘ensure an effective interface betweeh thé human aﬁdkformal models,
But also to eétablish system requirements reiated to the development
i and maintenance of organizational data bases. These specific daéé

néeds of termiﬁal decision units will differ from their nonterminal
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counterparts in the sense that the nonterminal group does not, for
| the most part, employ the types of models characteristic of terminal

decision units in their decision processes.,

- - VID

CONCLUSIONS

The findings of this study suggest that terminal-based systems
ﬁcan‘offer'a computational architecture which will affect Boch the extent
to WHich formal matheﬁatical'models are‘ueed foi‘problem solving within
ofganizations as well as the types of models which are employed. The
i'identification of these dynamics within organizational decision systems

should be of critical importance to the designer of information systems
in evaldating the relevence of existiﬁg and proposed‘accounting
information systems in terms of the needs of termiﬁal decision units.

| Terminal systems'caﬁ permit a manager'to perticipate to a
igreeter extent in the compuiational operant. Thus, in analyeing mathe-
macical models,'it is advisable not to consider theﬁ independently'OE
a larger computaticnal system. Within this framewofk it ie.possible
to drawvsome meaniﬁgfullcomperisons between terminal- and'nonterminal-‘
: BaSed mathematical models. The findings cf this study suggest that

_in.a terminal environment there is likely to be:

1. Greater user involvement in the deeign and develop-
ment of models

2. Model design which emphasizes the cognitive processes
~ of the decision maker

3. Mathematical formulation characterized by increased
modulability

4, Mathematical models designed to facilitate multiple-‘
-user cooperation in problem solving

5. A move toward greater use of probabilistic systems.
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