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INTRODUCTION

As an adjunct to the production process, automation
has contributed to more elaborate and more precise produc-
tion scheduling with obvious economies through labour saving

devices, lower inventory holdings and speeding up of pro-

ey

duction, all of which contribute toward a rising productivit;
in production, But what of the office? What inroads has
automation made into the office? Can automation effect
economies in clerical work processes? Can automation con-
tribute to rising clerical productivity? These are basic
considerations on the effects of office rather than factory
airtomation which are of vital concern to the company
economist.

Much has been said on the problems of introducing
automation into an organization and much fear has been ex-
pressed over the development of giant "brains" which are ablé
to displace large numbers of clerks from their jobs. The
problem therefore facing a firm in introducing office auto-
mation is to determine what benefits may accrue to the firm
and to balance these benefits against any resulting dis-
economies. These are economic considerations which should
be assessed in an approach to automation.

Many articles and numerous books have been written

about automation in the office but, mostly, the approach
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has been of a technical nature particularly in considering
electronic computers. This approach may have been taken
because of the fact that early computer applications were
engineering and military applications rather than business
management problems and since automation is often associated
with an electronic computer, then by nature all automation
considerations have been in light of technical applications.
It has only been within the last few years that
computers have been developed for business type applications
rather than for scientific or engineering type applications.
Even yet, there is considerable divergence between the needs|
of the business men and the capability of the systems being
designed by computer manufacturers; however, with careful
analysis of business requirements, then possibly thils diver-
gence will be narrowed. The economist is 1in a position to
determine the computing needs of business and to relay thess
needs to the computer manufacturers so that better equipment
will be developed for handling business applications.
Perhaps in establishing an economic approach to autg-
mation, it would be well to understand the responsibilities
of the company economist. Short term considerations in the
distribution of available resources are the responsibility
of accountants, sales personnel and production researches;
however, the long term considerations in establishing opti-

mum combinations of productive factors involving huge capi-
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tal expenditures and in determining the effects of outside
influencing factors such as population growth, monetary and
fiscal policies, market trends and social values are the
responsibility of the company economist. The economist's
value is of paramount importance in assessing social and
economic repercussions of company policies. Big business
has a significant effect on our economic life and changes in
company policy without regard to possible social effects can
Jeopardize the position of a company socially and ultimately
financially; therefore, there is a real need for a long term
assessment of the effects of company policiles.

The economist performs his functlon by measuring the
efficiency of paper-work processing, of forms control proce-
dures, of flling systems, of office staff proficiency and in
selecting potential automation areas and assessing the need
for further mechanization of clerical processes. The manner
of accomplishing the economist's work is through the system
smrvey, the application study and in continued operations
analysis.

In scope, this thesis will firstly elaborate on the
meanings of technical terms used and then explain the system
survey and spplication study in detall. The last chapter
will establish the economic considerations which should be
given extensive thought when any firm is thinking of mecha-

nizing its data processing function.
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CHAPTER I
AUTOMATION TERMINOLOGY

An understanding of the effects of automating business
data must necessarily be preceded by some definitions of the
technical jargon which has developed with automation; there-

fore, some of the commonly used technical terms will firstly

be explained.

Automation

Most authorities are agreed that automation is the
continuous processi ng of production rather than procesd ng
by intermittent batches. The term has been synonymously assd
clated with the production process; however, of recent years
the concept of automation has been extended to include the
automatic processing of business data., Automation 1s a techd
nological development resulting from improvements in the pro-
duc tion process and in supporting data processing operations
and administrative procedures.

Mechanizi ng data flow processes leads one to consider
whether the advanced stage of mechanization experienced on
the production line is distinet from the developing mechani-
zation of office proecedures, or whether these spheres of
business orgenization are interrelated. It 1is evident that
the productlon line cannot operate without management policy

Management lays out the limits within which the various
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phases of production will opsrate such that minor decisions
may be made at lower echelon of management without bothering
top management with the details. Variations within these
limits will not normally cause serious dislocations in other
interdependent phases of the production line; however, excep-
tions may cause serious dislocations and bottlenecks and it
is these exceptions which must be quickly and accurately re-
layed to higher levels of management. Without the use of
mechanized and integrated data flow, the transmission of thiT
vital information to higher echelons of management may be
impeded. This process may be speeded up by the introduction
of business data processing or office automation. There-
fore, it seems that production line mechanization or factory
automation is dependent upon and interrelated with data flow
mechanization or office automation. The production line
cannot be separated from management and office automation

lessens the communication barriers.

Data Processing Concepts

Data or information processing is a concept of office
work which involves the collection of informatioh, the repe-
titive performance of simple clerical tasks, the analysis
and evaluation of such assembled facts and the distributlon
of the results from the gathering and analyses functions.
Data may be defined as any type of statistics such as hours

worked, inventory-in-process and jobs on hand, which are usedl
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in a firm's decision making process. Integrated data proces-
sing (IDP) is a system of paper work flow designed such that
business data originated in one department serves its primarﬁ
function, and additionally, as a by-product, provides data
for other departments without further duplicate origination
of this data. Data are raised mindful of the paper-work floy
interrelationships existing among sections and with the aim
of reducing duplicated procedures. The system as a whole l1s
the prime concern when designing the origination and flow of
paper work.

Automatic data processing (ADP) is defined by Moore
Business Forms Ltd. as “"the continuous and integrated opera-
tion of data processi ng using automatiec machines".l ADP worﬂs
on the principle of capturing data at the source of origina-
tion as a result of human to machline transformation, proces-
sing data through a series of machines including the
decision-making function to various levels of management for
action, and allowing for the feed-back of any decisions or
ecriteria which may affect the predetermined limitations im-
posed upon the automatic process. The entire process is
automatic without human intervention. The process must be
integrated so that the data originally captured in mechanical

form are processed mechanically to serve all subsequent

1 Moore Business Forms Ltd., Automated Data Proces-
sing, Montreal, p. 53,
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applications without manual intervention. Three general

classes of equipment are used in ADP:2

l., Common and or native language machines where humans
originate data.

2. Electrical communications equipment operating on an
automatic basis.

3. Electronic business computers with large rapid-

access memories.

Common or native language machines may be defined as
the numerous office machines such as desk calculators, type-
writers, billing and posting machines, which are able to
activate one another through interconnecting cables eand wirel
or through the use of a common mechanical device such as
punched paper tape, magnetic tape or punched cards.

A common language allows machines to 1lnteract. This
interaction makes possible a flow of office work in
which form human translation of information is mini-
mized... Successful use of the common-language ldea
implies an integration of office work tasks. Initial
handling of infarmation must be compatible with sub-
sequent information handling activities. For this
reason we find the term integrated data processing,
or IDP, used to describe application of the common
language idea. IDP is the final step toward moge
effective control and faster managerial action.

Electrical communications equipment 1s the teletype

and printer equipment, telegraph, telephone lines and

2 R. Hunt Brown, Office Automation, New York, Auto-
mation Consultants Inc., 1959, p. 20%7.

3 Howard S. Levin, Office Work and Automation, New
York, John Wiley and Sons Inc., 1956, p. 19.
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terminal equipment which are used to process data and which
may be linked into one another by use of common language de-
vices to process data from one operation to another without
human intervention.

Electronic data processing (EDP) is the manipulation
of and processing of information through a series of elec-
tronic and electrical equipments. The hub of an EDP instal-
lation is the electronic computer and the various types of
electronic equipment used by the computer to bring data into
the computer or to carry data out from the computer for
further processing on electric accounting machines or for
producing printed management reports. An EDP installation
constitutes more than just the electronics equipment con-
nected with the computer and its controlled input and out-
put equipment. The electric accounting machines (EAM) that
are used to prepare input cards from the original source dats
for the computer may be considered as part of an EDP instal-
lation even though these types of equipment are not neces-
sarily electronic. EDP is semi-automatic data processing in
that manual intervention and handling of data are required.
Instantaneous or completely sutomatic data processing would
be obtained by coordinating the operations of an entlire IDP
system such that complete processing of business data would
be on electrical and electronics equipment without manual

intervention, except in the initial capturing of source data

3
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in mechanical form and in providing the printed progress re-
ports in the final output phase. In such a system, the EDP
installation would be considered the hub or core of the IDP
system where the decision-meking and record keeping functions]

are performed for the entire automated business data system.

The Electronic Computer

Electronic computers are used in the office to processg
a large volume of statistics or data with relatively little

arithmetic manipulation; therefore, "the term ele ctronic

computer may prove something of a misnomer when business
applications are considered."4 (Consequently, in using the
term "computer" in respect of a business type application,
we imply that the electronic computer is primarily used as a
data processor and not as a computer in the technical sense.
The term "electronic computer" is sometimes used to
imply an entire EDP installation; however, the electronie
computer itself comprises five basic functional units:
1. Input devices such as magnetic tape units or card
readers.,
2., Output devices such as card readers, magnetic tape
units and high speed printers.
3. Storage or memory.

4, Arithmetic and loglical unit.

4 Ibid., p. 47.
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5. A control unit or control panel which, operating unden
the direction of a program, activates the other
functional units of the computer.

A schematic diagram illustrating the relationship of these
units is 1llustrated in Figure 1.

The "brain®™ of the computer may be considered as the

arithmetic and logical unit where the manipulation of data

occurs and logical decisions are processed. With business
data processing, there 1s actually little arithmetic manipu-

lation of data as compared to the file posting functions;

therefore, the logical unit of the business computer is
relatively small in capacity compared to that of an analogue

computer. The memory unit is the temporary storage place

for data which are waiting for logical processing. Data are
transferred between memory and the arithmetic unit in the
process of doing clerical operations. The input and output
units bring the data in from and out to external sources.
Most computers normally use magnetic tape units as input and
output devices because card readers, card punches and high

speed printers are rather slow. The supervisory control or

console unit may be used for intervening in the internal

processing of the computer and may be used to simulate
what the progrem itself is doing in the way of operating the
computer. The control unit is normally used for correcting

errors which may result from the processing.
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Figure 1, The Functional Parts of a Computer

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA .- ECOLE DES GRADUES

AUTOMATION TERMINOLOGY o

Electronic computers may be classified according to
the type of computation that they perform:

l. An analogue type computer functions by measuring
the performance of an event in continuous quanti-
ties, making analogies to prescribed operating
limits and computing variables for controlling
and correcting further operations. An example of
such a computer would be a self-guided missile.

2. A digital type computer functions by counting and
recording, in discrete numbers, the performances
of an event, meking comparisons of quantities
against accepted standards of performance and
processing those items which meet established le-
vels. Digital computers are concerned with
counting and recording rather than in measuring
and drawing analogies. An example of a digital

computer would be any common desk caleculator.

Analogue computers are primarily involved with scien-
tifie measurements and extensive calculations according to
complex formulae with & small volume of input data and are
therefore not particularly suited to business type appllca-
tions. Digital computers, on the other hand, are designed
for performing repetitlve tasks such as sorting, transcribiné

and filing with a relatively large volume of data and so are
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particularly suited to processing of business data., Digital
computers are additionally valuable to business in possessing
the ability to select alternative methods of processing based|
upon comparisons of the transactions being processed.

Digital electronic computers may further be subdivide%
into special and general purpose machines. Special purpose
machines are designed to handle business type applications
peculiar to one organization. Because they are restricted
in use to the applications that they were designed for,
special purpose machines are rather expensive since the bene-
fits of mass production can not be gained in their manufac-
ture. Such machines were quite common in the esarly history
of digital computers because of a lack of knowledge on the
part of computer manufacturers as to what characteristiecs
were required of a machine for general application. As know-
ledge of business data processing requirements has developed,
the computer manufacturers have been able to build machines
which have general purpose application and thus gain the
benefits of mass production.

General purpose digital electronic computers may be
further subdivided according to the volume or the capacity
they possess for processing data. They may be classed as
small, medium or large scale computers. Several criteria are
involved in assessing the capacity of a computing system:

the size of internal storage used, the amount of equipment

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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directly controlled by the computer (on-line equipment) and
processing speed of the system. All of these criteria are
reflected in the rental or purchase price; therefore, cost
is commonly accepted as the basic criterion. The capacilty
of an electronic computing system may costwise be determined
as follows:
1. A small scale system may be purchased for less than
$50, 000,00,
2. A medium scale system costs between $50,000.00 and
$500, 000, 00.
3. A large scaele system costs more than $500,000.00.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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CHAPTER II

THE SYSTEM SURVEY

l.- THE NEED FOR A SYSTEM SURVEY

What is a System?

A system is an orderly arrangement of interrelated
functions so organized as to achieve the purpose for its
inception in the most efficient manner. In a business
system, management is concerned with organizing an optimum
combination of the factors of production., Achieving this
optimum depends upon organizing a management structure
which will provide data on the costs, actions and inter-
actions of the factors of production separately and upon
one enother. 1In order to obtain progressive knowledge of
production interactions and to assess these factors in
light of production developments, management must establish
an efficient data handling and data processing system.

Datum collected in a comprehensive manner may serve
many functions. It can tell management how close functional
departments are operating to their budget forecasts. It
can tell the production manager whether production is
meeting planned target dates, whether supply feed-in llnes

are holding up production or whether in-process inventories
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are out of proportion to what estimated production requires.
It can tell the sales manager what current market changes
have developed so that he can more precisely determine
optimum combinations of sales and advertising effort. It
can tell the purchasing department the types and quantities
of materials needed, the best combination of purchasing
items within budgetary limits and how to schedule delivery

dates.

A well-developed data system may therefore be a
critical management tool. However, such a system does just
not happen, it does not develop without foresight and plan-
ning. It is developed through an objective system design
program and requires the concerted efforts of personnel
skilled in the science of menagement. Such a group of
specialists may be organized as a separate management ad-
visory group and their function is the development of effi-

cient procedures throughout the entire business organization

Besides the need for such a management team in the
initial establishment of an optimum control system, there
is a continuing requirement for them in the consideration
of computer applications, in the critical analysis of
accounting practices, in the continuous assessment of cle-
rical efficiency and in the progressive evaluation of in-

formation flow.
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The Purpose of a Survey

Management's function as performed by the system's
group will be to establish and maintain an optimum coor-
dination and control system. Their basic approach will be
a critical analysis of the present organization which may
be attained through a system survey. Such a survey should
be an unblased and fair appraisal of the working efficiency
of the present system and not the designing of procedures
to speed up an existing system. The survey group should
also consider long term benefit and aim to establish a data
processing system which will reflect the over-all, long
term requirements of the organization. Because of the
dynamic elements within a business enterprise, an optimum
system may never be reached and if reached may soon become
obsolete; therefore, the system's group should continually
reevaluate and redesign the data system in aiming at a
theoretical optimum in combining production factors.

There have been indications that a substantial
portion of savings attributed to automation have actually
been as a result of the benefits gained from an extensive
system survey that preceded automation rather than as a
result of further mechanization. Properly conducted studies
can start a chain reaction of cost consciousness and desire

for eliminating inefficient and duplicated procedures;
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therefore, menagement should investigate clerical processes
regardless of whether or not it is contemplating automation,
Should a firm be contemplating automation, then the system
survey is an exacting tool for determining the appropriate-

ness and usefulness of suggested applications.

Conception of an Application

The requirement for a computer application may be
conceived at top management level as the result of a desire
to keep abreast with the technological developments of com-
pany X, or as a result of having been high pressured into
thinking that such a requirement exists. The idea for
installing a computer may also originate at lower echelons
of management where delays in processing business data and
the inability to meet target dates point out the need for
better techniques of keeping up with the demands of an
expanding organization.

Computer manufacturers are in business to sell
equipment and make profits. Their primary concern is in
the expansion of their own organization and not necessarily
with the best interests of the firm in which they are
attempting to install equipment. Their salesmen may there-
fore become overly exuberant with selling of their product
and may often mislead top management into thinking that
their computer is capable of doing marvelous and miraculous

operations far beyond its capabilities. Any electronic
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computer is merely a machine, a faster machine then we have
experienced in the history of business organizations; however
its limitations should not be overlooked. When a possible
application is conceived, management should be prepared to
carry out a thorough analytical study of the merits of auto-
mating such an application. If the business has not deve-
loped an IDP system, then a system-wlde survey should preceds
any application feasibility or economic study.

Management should not be led into automating one por-
tion of a system without regard to the overall business re-
quirements. Lacking top management support and without an
integrated systems approach, an incompatible data processing
system could result - incompatible in the sense that one por+
tion of the business may become extensively automated while
another portion of the business cannot provide the data for
or use the data from the automated portion In an entirely
satisfactory manner. This is tantamount to breaking up a
potentially automatic production line with manual processes
which slow down and unnecessarily impede the automatic pro-
cesses, This approach may also be likened to the harnessing
of a horse to a plow while the seeding and harvesting is don+
with tractors. Such an approach may result in lowering rathgr
than raising of productivity.

Trouble Areas

Management must not underestimate the troubles that

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES
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could develop from favouring immediate implementation of
automatic data processing without regards to the overall sys-
tem requirements. Experience shows us that such a building
block type of approach will result in an inefficient system
which may prove quite incapable of doing as good a job as the
old system, and may very easily result in scrapping the auto-
mated system and reverting to the old system. Mr. John
Diebold, a New York automation consultant, has in his expe-
riences seen just such disastrous results.t

Regardless of where the requirement for a computer
application may have originated, the same initial approach
should be taken by management 1.e. to undertake a thorough
and extensive system survey of all data processing functions
followed by a detailed application analysis study. The intenlt
of the system survey should not be, as many firms consider,
"trying to find an application for a computer",2 but rather
to assess the entire organization with a view to improving
clerical efficiency, reducing duplication of work effort and
speeding up processing of management decision-making data.
The system survey should be an economic appraisal of the
efficiency of an existing system. Suggested improvements may

not necessarily mean the installation of a computer but rather

1 John Diebold, "Bringing Management to Electronic Datja
Processing", Ideas for Management, 1959, pp. 103-117.

2 John Diebold, "False Starts in Office Automation",
The Manaaement Review, July 1957, p. 84.
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may result in refinements to the present system. Very often
the economic benefits from reorganization or even minor systﬁm
readjustments may more than justify the costs of a comprehen-

sive survey without introducing any further mechanization.
2.- ORGANIZING THE SURVEY

Character of Analysis

An analysis project must be thorough, it must be com-
prehensive and it should determine economies for the over-all
system rather than for any particular aspect of the system.
The survey team should adopt the IDP concept in its approach
to analysis of a system. Recommendations for automating any
particular operation should be on the basis that such a deveg
lopment will primarily contribute to the efficiency of the
over-all data processing system, and as a by-produect, raise
the processing efficiency of the particular operation.

Synonymous with the integrated approach to system
analysis. and synthesis is a need to assess the contribution
of each phase of operations to the over-all scheme of data
processing. There is a reason for the existence of each
stage of processing data within an organization, and each of
these operations possesses characteristics which influence
one another. It is these interdependent relationships which
determine the character of information flow. Should these

interacting functions be determined, then the responsibilitips
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of each stage toward the total system become clear and a
pattern of data processing can be established. With possess-
ion of such an intimate knowledge of the system, the survey
groups are then in a position to assess the economic feasi-

bility of automating portions of the system.

Scope of Analysis

In organizing for a system survey, the intent and
scope of the analysis must be precisely determined. The sur-d
vey objectives and the areas in which the survey is to operatfje
must be established. Should the intent of the survey be a
comprehensive system anelysis, then inevitably departmental
lines of communication will be crossed; and since the survey
will be making recommendation on the efficiency of operationg,
then departmental influence upon the survey team must be eli-
minated. This is accomplished by placing the team at a pro-
per level of management reporting. For a system-wide survey,
the team must be responsible to and report only to a senior
level of management and probably to a vice-president. How-
ever, should the intent of the survey be the analysis of an
operating department, then since the analysis and recommenda
tions will reflect only upon the department concerned, the
level of survey reporting should be to the manager of that
particular department.

Having established the operational relationship of the

survey team to management, the manager to whom the team will
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report may then specifically lay out the scope of the problen
to be analysed, and the frequency with which progress of the
survey team will be reported. If the scope of analysis is
system wide, then the processing of data throughout all opersg-
tional units will have to be charted. The analysis will
establish a functional relationship of processing data from
one operational unit to another and will graphically portray
the interrelationships in processing data of one unit upon
another. However, should the scope of analysis be limited
to one operating depertment, then interdepartment functional
relationships of processing data will have to be ignored and
the character of the survey will be narrowed toward assessing
the level of working efficlency within the particular depart-

ment.

Composition of the Survey Team

The survey team may be composed of people within the
organization, a mixture of company personnel and consultants
or entirely of management consultants. The advantages of
ineluding company personnel are that a knowledge and under-
standing of company policy and operations will form a basis
for the work of the team and that continuity in implementing
survey recommendations will be accomplished. The work of thg
survey team will have internal support of middle management,
because recommendations will be coming from company orientatdd

personnel. Additionally, the use of company personnel

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .- ECOLE DES GRADUES

THE SYSTEM SURVEY 21

ensures that problems experienced at the working level will b
adequately understood in the deliberations of the survey, and
that survey recommendations will reflect difficulties of
imﬁlementing new procedures at the working level. The use of
consultants, on the other hand, has the advantage of bringing
in a fresh approach to the studies. Such an unbiased approac
may result in recommendations to faulty or inefficient com=-
pany policy which may be easily overlooked by and accepted

es a matter of fact by company personnel. Furthermore, the
consultant brings experience from a wide range of businesses
within the industry and may have a better appreciation of the
pitfalls in implementing automation than would company per-
sonnel.

The foremost consideration of whether consultants are
desirable is usually the cost of their services. Should
management decide to provide the experience which could be
procured from a firm of consultants from resources within the
orgenization, then we should look at the costs of providing
such services in assessing whether consultant services are
more expensive., To provide such valuable experience, manage-
ment would have to internally transfer personnel to a systemsg
group. There would be considerable expense incurred in the
loss of services of the individuals from their normal jobs
end in the training of people to succeed them. Additionally,

there would be considerable expense entailed in educating thg

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

THE SYSTEM SURVEY 22

systems people to current technologles in automation equipmen

Tt

and it would be impossible for company personnel to gain a
first hand knowledge or experience of installing automation
equipment systems. Management would have to accept the dis-
economies which would result from implementing a system

lacking such knowledge; therefore, considering that their ser

vices are required only for a short time and that additlional

training time is not required for special assignments, consul
tant services become profitable regardless of how exorbitant
their charges may appear.

For the initial analysis of a problem, management is
faced with the building up of an experienced systems group.
If the firm is large, then there will be a continuing need
for experienced systems people to keep current with developing
techniques of automation and in the changing pattern of the
firm's competitive characteristics. However, for an initial
system analysis, an extensive automation knowledge may not be
available within the company's resources. To acquire this
experience from computer manufacturers leaves management open|
to the pitfalls of acquiring a system blased in design toward
using equipment of that particular computer manufacturer.
Additionslly, computer manufacturers will certainly not advisp
procurement of another manufacturer's equipment and they are
less likely to advise that no requirement exists for instal-

ling electronic computing equipment. This impartial advice
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may however be gained from utilizing the services of profes-
sional automation consultants.

Since the intent of a system survey isprimarily one
of determining the economies and extent of automation, and
because the system study is a continuing economic analysis oﬂ
the operating efficiency of an organization, then of necessif
the team must include the services of an economist. The econ-

omist should preferably have an intimate knowledge of company

y

policy and the operational functions of the company. He shoyld

be able to provide a professional analysis of the trends in
costs of production. If the firm is experiencing a 1ong-terﬁ
trend of increasing costs, then careful consideration would
be given to whether the firm is in an industry which is ex-
periencing decreasing returns. Should this be the case, then

the benefits of chesper and more efficient e¢lerical opera-

tions as a result of automation may only result in a temporarxy

alleviation of the effects from increasing costs. On the
other hand, if the costs are rising as a result of clerical
pressures, then the utilization of automation may give the
compeny a competitive advantage in having access to more pro-
fits for capital investment in further lnnovations or plant
expansion. Whatever the characteristics of the factors of
production will prove to be, and whatever the results of the
survey will be, the economist will provide an important con-

tribution in assessing the economics of implementing more ext
tensive office automation.
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Tools of Analysis

Of paramount importance to the survey analyst, is the
type of equipment which is available to him in the perfor-
mance of his duties. A system survey, just like any job, re-
quires reference material and tools and one such useful equig-
ment is an adequate reference library. Reference material
should consist of a wide selection of literature on systems
and procedures subjects, on data processing topics and on th
latest techniques and technological developments in office
automation. Additionally, in keeping current with developing
systems techniques, the analyst should avail himself of the
professional conferences and courses that are held from time
to time.d

Because the analyst is a synthesizer of systems, he is
the company expert in realizing the overall company implica-
tions and in understanding the operations of a new system.
He is therefore responsible for developing company policy.
The systems man formulates the criteria which management useg
in establishing compeny policy and he then devises means of

carrying that policy to the working level. The dissemination

of such policy is usually in the form of statements which arg

3 In this regard, the Systems and Procedures Associa-
tion of America has as its dedicated purpose the establish-
ment of the systems profession as a functional tool of manag
ment. Annual meetings of analysts in the systems profession
are sponsored by this organization and the results printed ih
a . publication entitled Ideas for Management. Participation fn
the deliberationsof just such an association will provide th

i 8 eful source of current techniques iE
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bound into a manuel. This manual then becomes the basis for
operations in all data processing units as it enumerates the
work processes, the details of data information flow and the
duties of individuals within each processing unit. Instruc-
tions within the manual are explicit enough that a minimum of]
supervision is required in directing employees. The procedu-
res are standardized from one processing unit to another, frqm
one business function to another and from one production unit
to another. They are standardized so that personnel can be
transferred from one unit to another and become orientated td
the new unit without disruption., Making one processing unit
compatible to another through standard operating procedures
makes it easier to implement new procedures and to orientate
new personnel into a system. Because of their generalized
nature and because of their standardized techniques, the pro-4
cedures manuals are an inevitable outcome of the system sur-
vey. Their production is the direct responsibility of the
systems group and may therefore be considered as another too]|
of the systems group.

Perhaps one of the most important techniques in the
systems profession is the method by which an existing and a
proposed information flow system may be presented. This
function is accomplished by the technique of flow charting
using symbols which have developed standard meanings through

common usage. By combining these symbols into various pat-
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terns on a flow chart, the system as it operates may be easily
portrayed in greaphicel form. Thls graphical analysis may
then be used for further analysis and understanding in synthd-
slzing a new system. Procedure flow charting is a simple
method of diagraming production processes and of diagnosing
business problems in locating trouble areas and in working
out possible solutions. The methods chart, as illustrated in
FPigure 2, is a more detailed chart than the procedures flow
chart. The methods chart illustrates every physical opera-
tion performed on a process whereas a procedures chart 1eave;
out the extreme detall of what occurs at each stage of pro-
cessing data. The analyst will require both types of charts
in summarizing his findings: the procedures chart will be
used to show unfamiliar personnel what processes occur withig
an office or organization, the methods chart will be used by
the analyst in analyzing the operations which comprise each
process.

In selecting flow diagraming techniques and symbols,
the economist has a wide variety to choss from; however, he
should be sceptical of accepting those symbols and techni-
ques which are quickly endorsed and recommended by computer
manufacturers. By using the techniques and symbols suggested
by a computer manufacturer, a company place themselves in the
position of becoming prejudiced to the use of that particulal

manufacturer's equipment, Familiarity breeds a prejudice
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which the systems man cannot afford to develop. The analyst
should remain unbiased and should not be enticed into indirec
1y becoming a computer manufacturer's spokesman. Just as he
should develop his own opinions on the extent and type of
automation equipment required by the company, so should the
economist also develop his own charting techniques and sym-
bols., If any standardization of charting techniques is de-
sired, then those techniques which are generally accepted in
the systems profession and which are presented at various

systems symposiums should be adopted.
3.~ CONDUCTING THE SURVEY

System Review

A good system review is thorough and comprehensive. Ii
will analyze every data processing operation performed within
the organization and establish the interlocking relationshipg
that exist between data processing units. Basically, the
system survey may be considered as a fact finding survey.

In reviewing the present system of processing data, th
survey will attempt to establish the sources and characteris-
tics of data that are used iwthin the organization, the formJ
of data origination, the methods used for processing data andg
procedures which duplicate one another. The survey will alsg
establish the basic files that are used for recording and

filing data, the characteristics of information held in thesg

-

e

t
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files, and will determine information that is being unnecessa-
rily filed and other information which may be lacking in the
files. Filing systems in each data processing unit through-
out the firm will be assessed in this manner, and further,
each processing unit will be critically analyzed to substan-
tiate its place in the flow of information. Characteristics
such as continuous processing, batched processing, mechanized
processging, requlrsd manusl operations and volume and types
of data will be established for each processing unit., Addi-
tionally, the analyst wlill determine information which is
added to or deleted from the data flow, and will attempt to
establish the decisions made on data flowing through each
unit as a result of the information at hand, and the decisiors
that cannot be made because of missing data or which are
beyond the decision making ability of each processing unit.
The analysts must be continually looking for areas of
potential improvement in the processing of data. Such areas
will be noted in the light of data needed elsewhere in the
organization as pointed out by the survey, and in light of
technologies and knowledge available to the analyst. Such fag-
tors which may improve data processing efficiency are:
1., Deficiencies observed in the processing of data.

2, Techniques of processing data which are not being used

3. Technologies in processing data.

4, The duplication of processing procedures.
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Potential improvement areas, particularly those which

may use more extensive mechanization, are those processes

which possess a high volume of data processing, a prepomierande

of monotonous, repetitive and routine clerical routines and
processes high in cost and in operation time. The examinatig
of data processing stages in light of existing automation
technology will point up segments of the system which may be
subject of individual automation. Such areas are known as
applications and their consideration may imply the need for
an EDP feasibility study. On observing such areas, the sys+
tems analyst may meke a preliminary survey of available compy
ting equipments. Such a survey will provide the information
upon which to recommend further study as being desirable in
an application area.

In assessing the efficiency with which productive facH
tors are combined, the analysts should appraise the relation
of labour costs to production costs so as to establish areas
which are out of proportion to the average ratio experienced

throughout the firm. In areas where productivity is low,

extensive analysis will determine whether automation will cox-

rect the high rate of labour costs. Such areas may be synony-

mous with the potential improvement areas pointed up by pre-

vious analysis. In addition, an analysis of the distributio$

and employment of capital will indicate whether capital is

being efficiently employed. Again, suech areas as may point

il
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up an inefficient utilization of capital may prove to be potﬁn—
tial improvement areas subject of further automation, or
they may also point up an over-utilization of automation
equipment and indicate that some mechanization may be eliming-

ted.

The Mechanization Level

Information, in flowing through an organization, goes
through a variety of operations each of which represents a
delay in the data flow. These data operations or processes
involve one or more clerical tasks that need be performed
on the data., Such clerical tasks as may interrupt the flow
of data may be classified as follows:

1. Creating - originating, selecting al ternatives,
signalling exceptional conditions.

2. Classifying - sorting, inspecting, editing, merging.

3. Computing -~ calculating.

4, Reproducing - writing, transcribing, listing, postingﬂ
recording.

5. Transporting - moving paperwork from one place to
another.

6., Filing - searching, delay, storage.

7. Controlling - supervising, auditing.

Since these clerical operations may be performed
either manually or through varying degrees of mechanization

to that of complete automaticity, then each data process may
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be assessed in light of the degree of mechanization involved.
A summary of such assessments will indicate those processes
which bave more or less mechanization than the general level
of office automation., In assessing the mechanization level
of each process, the guiding principle is that only those oper
rations in the direct flow of data will be assessed. Opera-
tions supplementary to the data flow such as the requisitioning
of stationery, the writing of letters and the cleaning of

of fices, although affecting general office efficiency, do not
reflect directly on the efficiency of processing management
data; therefore, such operations will not be the subject of
mechanization scrutiny, but will comprise a separate study in
assessing clerical efficiency as a prerequisite to obtaining
optimum utilization of automation.

In attempting to establish the degree of automation at
each data flow process, the system developed by Professor
James R. Bright for assessing the level of factory automation
may serve as en excellent basis.? Frofessor Bright lists
three fundamental qualities or dimensions of assessing the

degree of mechanization and automatic control:

4 James R. Bright, "Does Automation Raise Skill Requirp-
ments?", Harvard Business Review, July-August 1958, Vol.36,
No. 4, pp. 85-98. 1In his article, Professor Bright discusses
the physical and mental efforts, educational and training
requirementsof skilled and unskilled workers at jobs experienT
cing varying degrees of factory automation; however, the same
concept may be applied with respect to office workers in

experiencing varying degrees of office automation in the
performance of their duties.,
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1. Level of mechanization - the degree of mechanical
accomplishment by which a given production action or
operation is performed.

2. Span of mechanization - the extent to whiech mechaniza-
tion spreads across a sequence of production events.

3. Penetration - the extent to which secondary and ter-

tiary production tasks such as lubrication, adjustmenﬁs

and repair are mechanized.
In our analysis we are particularly concerned with the first
two qualities, but the third, penetration, for reasons ex-
plained will not be considered in assessing the mechanization
level,

The first portion of our analysis will deal with estab
lishing the level of mechanization of each phase of data pro-
ecessing or each interruption in the processing of information
This level is contrived by using the gauge indicated in
Figure 3. Each data process in the office is charted in
detail and, by referring to the gauge, each process may have
a2 mechanization 1level assigned, This mechanization level rg
flects the amount of mechanical or electronic equipments used
in performing the clericael task. The established level may
then be noted on the procedure flow chart beside its respec-
tive process.

In reviewing the procedures and methods charts, the

enalyst is able to project the mechanization level of succes-
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tion profile.5 The mechanization profile illustrated by

Figure 4 will grephically portray the span of mechanization
in sn autonomous office and through a succession of office.
In analyzing the mechanization profile of each office and of
successive offices, four aspects of automation are considered

1. Establishing the average level of mechanization
throughout the organization.

2. Determining those phases of data processing which fall
below the average level. In this regard, an assess-
ment will be made of the desirability of bringing
the mechanization in these areas up to the general
average level,

3. Detecting those phases of data processing which exceed
the average level. In this regard, an assessment will
be made of the economics of such an excess of mechani-
zation as contributing an optimum utilization of auto-
mation equipments.

4, Estimating the profitability of raising the average
level of automation.

The average organization-wide level of mechanization

may easily be determined by a cursory examination of the

5 Adapted from James R. Bright, "The Operating CharacH
teristics of the Highly Automatic Factory", Ideas for Manage-
ment, 1959, pp. 139-146, by kind permission of the author.

sive interdependent processes on a chart called the mechaniza

e
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mechanization profile chart. The concentration of level scat

ter will tend to form or follow a normal curve distribution
about one particular level. The level thereby indicated may
be accepted as the existing average level of mechanization

used for subsequent analysis. In the example illustrated in
Figure 4, the scatter of events centralize about level 1, ma-
nually performed processes, with wide random variations up to
level 4. Such a case, although theoretical, could in fact
occur and such random scattering of mechanization could be

substantiated by a need for speeding up excessively slow manupl

processes. Figure 4, it may be noted, is a mechanization pro
file of the methods chart portrayed in Figure 2.

Such an analytical tool as the mechanization profile
will give the analyst a means by which he can readily spot
potential bottle-neck areas and areas where the greatest po-
tential exists for further mechanization. Keeping in mind thie
principle that a chain is as weak as its weakest link, so in
an analogous manner, the chain of data processing is as weak
as the lowest level of mechanization. It is these below ave-
rage areas which impede and slow down the flow of management
data; therefore, the analyst should assess the economics of
speeding up these areas through more automation. The analyst
should assess present operating costs and assess the prospec+
tive mechanization costs for bringing these areas up to the

average level of mechanization; then he may balance these

cogts against the intangible delay costs resulting from these
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areas being below average. The economic feasibility of implet
menting further automation into the lower than average automat
tion areas may then be determined.

Some data processing areas may prove to possess excess
mechanization and these areas may contribute more expense and
more perplexing administrative problems than recognized. Such

areas should be the subject of intense scrutiny with the pur-

pose of lowering the degree of mechanization unless such auto
mation is warrented through the type of operation involved or
through prospects of raising the general level of mechaniza-
tion up to these particular levels. In any event, the analysf
must critically analyse the reasons for and substantiate thesp
areas possessing automation above the general level experien-
ced throughout the organization.

The last consideration of the analyst in reviewing the
mechanization profile chart should be an assessment of raising
the general level of mechanization. In establishing the cri-
teria for this recommendation, the analyst will have to cost
the elements in raising the mechanization level of each pro-
cess up to a predetermined average level or to several obvioufs-
ly practicable levels. The analyst may then determine that
general level which would be most appropriate for the organizp-
tion. In this analysis, he will be guided by the need for
accurate and current management data. The intangible benefitF

of speeding up the data flow process will bear a strong in-

fluence upon his decisions. He may find that there are some
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stages of data process flow which are not capable of having
their level of mechanization raised, but levels of the remai-
ning processes should be raised regardless as there may be
extenuating circumstances that require one or more areas to'bT
below the average mechanization level. However, if such con-
ditions arise then the extenuating circumstances should be ex
plained in detail.

On the basis of his findings, the analyst may then
make recommendations for automation implementation which will]
accompany the survey report. Because the mechanization profifle
chart may change as a result of these recommendations, then
a revised profile chart reflecting the recommended automation
must be submitted with the analyst's report. The "before an
after" profile charts will present management with a useful
tool in understanding the extent of automation used in and

required by the company.

4.- ASSESSING THE FINDINGS

Analysis of Findings

After completing the system survey, the study group
will thoroughly exemine their findings and establish recommer}-
dations for improving clerical efficiency and for implemen-
ting further automation. The procedures and methods flow
charts and supplementary notes produced during the survey willl

provide the basis for this eritical enalysis. Findings and
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recommendations may be translated into costs and savings and
Presented graphically in a table, as in Figure 5. Figure 5
depicts the costs and savings resulting from recommendations
for increasing clerical efficiency, for the raising of low
mechanization areas and from raising the general level of
office automation. This table also represents these statis-
tiecs as ratios which provide a quick appreciation of the
recommendations.,

As indicated previously, the potential savings to be
realized from the recommendations for improving clerical eff]
ciency may more than offset the cost of the system survey.
Savings which may result from work simplification programs,
from improved office layouts, from revised forms control progt
cedures and from simplified records keeping may be termed ths
reorganization benefits. These benefits will also include
the relinquishing of some automation equipments in over-
mechanized areas. In the management presentation, a distincg¢
tion should be drawn between reorganization benefits and
those benefits which may be realized from implementing fur-
ther automation. Management should not be presented with
findings which cloud up the real sources of savings. Half-
truths should not be used to credit the savings from improved
clerical efficiency as benefits derived from implementing
further automation. In this respect, the economist must re-
cognize personal bias toward particular equipments and fairly

discount such prejudices in presenting the true sources of
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benefits. A fair presentation of benefits may well prevent
management from being led into extensive and unwarranted autd-
mation programs which could result in chaos and eventual re-
vislon to traditionally established methods with substantial
capital losses. Quite often an organization may reclaim the
system survey costs as a result of implementing work simpli-
fication programs; however, the same cannot always be said
as a result of implementing further mechanization.

After distinguishing potential reorganization savings,
the economist may then focus his attention on the lower than
average mechanization areas. These areas may be quickly
determined from a cursory glance through the mechanization
profile charts. The economist can then cost further mechani-
zation in those areas in raising them to the average level of
mechanization. Such cost estimates should be supplemented
with notes of equipments recommended for these areas. Savingyg
resulting from levelling of low mechanization areas should,
besides the obvious tangible benefits, also include the poten-
tial intangible benefits to be gained from speeding up of the
data flow.

The survey group should next consolidate thelr finding$
and recommendatlions by charting revised mechanization pro-
file charts. These charts will reflect the mechanlzation of
data flow as it would stand should reorganization and level-

ling recommendations alone be implemented.
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The survey group may now consider raising the general
mechanization level. The revised profile charts are scruti-
nized with a view to raising the level of mechanization from
the revised plateau and not from the existing level. Recom-
mentations for raising the general level will be in addition
to the levelling recommendations. Raising of the general lefel
may involve procurement of common office calculating and
tabulating equipments, or it may involve procurement of smalll
or medium scale digital electronic computing equipments for
particular processing units. However, the findings may also
indicate the need for centralizing the flow of business data
under control of a large scale EDP installation. In such a
case, potential application areas in priority of requirement
will be established. Additionally, recommendations should
include those manufacturer's equipments which might be con-
sidered by an application study group. Should knowledge of
suitable equipments be lacking, the survey group may then
recommend a requirement for such technological education,
This additional training will be directed towards the people]
who will be meking the application feasibility study.

Short-Term Considerations

Short-term considerations in the building of an IDP
system are primarily concerned with the selection of applica-
tion areas which would substantiate the need for EDP equip-

ment in providing immediate tangible benefits. A company
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may require an EDP installation as the basis for building of
an IDP system and selecting applications, which can substan-
tiate immediate EDP installation put a company a long way
towards inception of an integrated system. The selection of
application areas in light of this reasoning would therefors
require substantiation by direct dollar savings. Experie nce
from many operating EDP installations seems to justify this
approach. A survey of 82 companies with EDP installations
which had mechanized 274 applicatlions indicated the following
reasons for accepting applications:6

1. Reduced costs - 155 reasons

2, Reduced man power - 127 reasons

3. Improved administrative effectivensess - 122 reasons

4., Improved management control reporting - 89 reasons
The results from implementation indicated substantial success
in most applications. Of a total of 253 expressed opinions,
129 rated implementation results as excellent and 10l rated
results as good. It appears, therefore, that reduced opera-
ting costs are the primary reason for accepting applications
and that these costs may be considered as sufficient justifi-
cation toward taking a step into using EDP equipment.

6 During 1958 the Research Committee of the Empire
State Chapter of the Systems and Procedures Association con-
ducted an independent questionnaire survey of Association men-
bers. Of the 281 replies received, 82 organizations reported
applications in service which involved a total of 203 compu-
ters. Results of the survey were published by the Associa-
tion in a pamphlet entitled Computer Use Report.
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Direct savings from the installation of computing
equipment are of course difficult to precisely determine,
Changing business conditions end changing dollar values that
occur between the time that application studies are underta-
ken and the time that successful implementation is effected
provide different comparison bases. The intervening period
may last four or five years, and during this time there may
be a substantial change in the combination of production facH
tors which would jeopardize the use of good cost bases. Sa-
vings, particularly in the reduction of personnel, are diffi-
cult to accurately determine. Normal personnel turnover and
an expanding business will account for much of the potential
costs reducilon which could otherwise be obtained; however,
without having experienced them, it is difficult for a firm
to estimate what these costs would have been with precise
accuracy. The results of the survey presented in the Compu-

ter Use Report can be subject of critical analysis in this

respect. The survey was carried out by means of a question-
neire which, in the first instance, leaves the findings sub-
ject to personal views and estimates. Additionally, statis-
tics were summarized only from voluntary replies vhich bilas

the results 1n favor of companies who voluntarily participa-
ted in the survey. A random sampling approach was therefore
not accomplished. The error of bias may have been further

compounded by virtue of the fact that only an approximate
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15 percent of total in service computers were represented in
the survey replies.

It is possible that the results of the survey carried
out by the Empire State Chapter may reflect more the opinions
of what companies would wish their computer applications to
represent than in fact what has actually been accomplished.
Most companies will not openly admit to clerical manpower re-
duction, nor will they accomplish such savings even if possi-
ble because of adverse public opinion and because of strong
union pressures in protecting labour. The fact that clerical
cost savings are elusive and difficult to prove is born out
by the results of a personal survey underteken by a New York
firm of management consultants of eleven companies primarily
engaged in manufacturing.7 The findings of thilis survey wers
that EDP users were reluctant to quote exact dollar savings
attributable to the use of computing equipment. However,
potential benefit areas could be generalized as follows:

1. Clerical cost reductions are most likely in high
volume processing and where previous business expe-
rience dictated extensive decentralization of routine
clerical work.

2. Control type applications, and particularly lnventory

control, provide outstanding rewards.

7 Lybrend, Ross Bros. amd Montgomery, Survey of Bene-
fits Resulting from the use of Electronic Data Processing
Equipment, Management Services Résearch and Consulting Divi-
gsion of Lybrand, Ross Bros. and Montgomery, New York, May 1999,
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5. The adoption of exception reporting provides a more
powerful tool for screening reports.

4. Budgeting limits which prevented older less automated
systems from providing timely reports are eliminated.
Perhaps one of the most lucrative potential costs re-

duction areas is 1n the achieving of lower average costs of
production through volume expansion. The costs of electronic
computers, unlike variable clerical costs, decrease as a por-
tion of total product costs as business expansion is accom-
plished, Computer operations can cater to an increased work-
load with the same amount of personnel and with a slight in-
crease in fixed machine costs., The variable costs of a large
clerical staff are converted to the fixed costs of computing
equipment and any increased activity will result in substan-

tlal benefits.

Long-run Considerations

In the long term, perhaps, a firm will attempt to ob-
tain a lion's share of the market. Accomplishing this objec-
tive requires a constant knowledge of market conditions, of
production characteristics, of supplier's problems, of mansage
ment techniques and of many such veriable factors each of
which affects a firm's capacity to produce but in an inter-
related manner. In attempting to achieve optimum production,
to obtain maximum returns from investments with a least cost

combination of production factors, a firm must constantly
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juggle these variables and this demands knowledge of such pro
portions as to be beyond human capacity to digest and control]
Such a system of business control, a management control sys-
tem, must make allowances for the dynamic elements that are
present in an organization. Continuous adjusting of produc-
tion factors is required in attempting to approximate an opt]
mum system; however, experimentation with actual business
control would be expensive. The only logical alternative is
to simulate actual operating conditions in a business model
and experiment on the model with varying combinations of pro-
duction factors. Business model experimentation requires
simulating a close approximation of the many variable factors
and therefore presupposes an accurate and well-developed 1ntg
grated data collection system. It requires constant apprai sg
of developing conditions and simultaneous adjustment of other
dependent factors.

Such business model experimentation will involve more
research and development time than allowed for the system
survey and should constitute a permanent aspect of managemen
control; therefore, should the analyst consider that the long
run interests of the company would profitablt be served by
such experimentation, then approprlate recommendations can bﬂ
made in the survey report.

The Survey Report

The type of survey report will be determined by the

1
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menner in which the survey was organized and conducted. Gene-
rally, the report will dwell on four subjects:

l. Purpose of the survey.

2. Summary of current procedures.

3. Costs-savings comparisons.

4, Recommendations.

Purpose of the survey - an outline of the responsibili

ties and duties assigned the survey will suffice as an intro-

duction. This statement will outline the composition of the

w

survey team, the extent to which the company was surveyed, th
man~-hours and expenses consumed and how the survey was acconm-
plished, A statement should also summarize the competitive

position of the company within the industry, and the industry

trend in sharing of the gross national product. Determining

the long-term prospects for company development and for indus
try development will reflect on the capital which may be

directed toward the development of automation within the or-

on the extent to which recommendations may be fulfilled;
therefore, such prospects must firstly be established.

Summary of current procedures - a general statement

should indicate the nature of operations considered during the
survey. The data processing system as it presently operates
will be flow charted generally, in the form of procedures

charts, and in detail in the form of methods charts. The
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Procedure flow charts will accompany the report and these wiﬁl
reflect, for each data process, the volumes and frequency of
data processed, the estimated average cost of processing
transactions, the types of clerical operations performed and
the measured level of mechanization in each process. The
charts will also be cross referred to presently used forms,
samples of which will accompany the report. In a more genergl
nature, the report will assess the level of clerical work
efficiency existing in each office, with an indication of th%
overall clerical efficiency and the ratio of clerical cccur-
rence of errors., Additionally, serious shortcomings of the
present system and recurring bottleneck areas will be indi-
cated.

Costs-savings comparisons - an economlic analysis of

the benefits to be realized from reorganization as a result
of the survey recommendations, of the benefits to be realize%
from raising the mechanizetion level of individual processes
and of the benefits to be gained from raising the general
level of mechanization as summarized in Figure 5. A narra-
tive summary will indicate the adventages and disadvantages
to reorganization and to railsing the general level of mecha-
nization. A summary explanation of intangibles should also
be given.

Recommendations - the recommendations should be clear

and precise. Management do not want to go searching through

detail in order to establish what has been recommended;
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therefore, a precise and clear statement of what has been
recommended will be required. This statement should cover
the following points:

l. A statement indicating the areas that immediately
require and do substantiate further mechanization in
order to bring them in line with the company average
level of mechanization.

2. An affirmation of requirements for raising the general
level of automation and the means of raising this
level. Should the company not wish to pursue a pro-
gram of further mechanization, then alternative proceJ
dures for meeting increasing demands upon the data pre-
cessing system should be outlined.

3. A statement of the long-term automation requirements
of the organization and also an indication of trends
within the industry. A skeleton IDP system proposed
for the company may be submitted. This skeleton
should indicate whefe data may be captured in mecha-
nical form, what processing functions will be per-
formed, intervening manual procedures that are requir$d
and the benefits that may be realized.

4. An outline of any work simplification program which

may be recommended. Since no work simplification pro

ject is worthwhile unless continuously appraised by

management, then a working plan to effect this prinei

ple must be outlined. This may be accomplished by
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esteblishing a permanent systems group which will
continuously analyze clerical and data processing
efficiency.

An assessment of the applications worthy of conversioﬁ
to EDP and the priority with which they .should be cond
sidered. This applications assessment should broadly
outline each proposed application indicating how it
will operate, the extent of electronics equipment to
be used and a statement of its expected accomplish-
ments.

A summary of the implications and the effects of fur-
ther mechanization upon the workers, upon management
and upon the organization.

An analysis of the long-term prospects of Integrating,
both vertically and horizontally, the framework of thée
company IDP system with that of other companies with

which the company is associated.
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CHAPTER IIX

THE APPLICATION STUDY

l.- Organizing an Application Study

The Study Objective

The application study is an economic appraisal of
automating a pre-selected project or application, This stud%
complements and supplements the system survey analysis; there
fore, to accomplish continuity and to effectively utilize
human resources, members from the system survey team should
be represented in the application study group.

Many times this study project is referred to as a
feasibility study which implies the analysis of a requiremen&
for a particular type of automation equipment; however, the
study should be directed toward the economics of automating
a selected application rather than trying to justify pre-
selected equipment, otherwise the study will fall into the
trap of looking for an area in which to justify the prema-
turely selected equipment. This study will therefore deter-
mine the feasibility of automation for a pre-selected appl;-
cation area and should extensive automation appear warranted;
then the computer feasibility analysis will follow in step.

Management are responsible for specifying the genera}l

confines of the application analysis, of elaborating on
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problems which infringe upon other applications and of deter-
mining the character of study group organization. On the

basis of thils study requirements then, the composition of the
study group will be determined.

The Application Study Group

The best efforts of an application study can be
attained when analysis progress is an individual rather than
a committee group responsibility. The committee approach to
analysis lends itself to considerable discussion with little
substantial progress in the analyses of application details;
therefore, the study group should be organized so that one
individual is entirely responsible for the study group's
progress and this person should preferably report to & high
level of management.

Much of the work done by the study group and the re-
commendations which will be implemented therefrom, will have
organizational wide repercussions; so the study group should
have the backing of top management. With this backing, the
analysts are in a position to transgress departmental authorsg
ity, tu cut across company red tape and to recommend desired
changes to company policy. Without this top level support,
and without the organizational structure to lend weight to
their studies and recommendations, the analysis group will bp
intimidated by and dominated by departmental line supervisorg.

The synthesis of & new system would then reflect the
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particular desires of department managers rather than the
best interests of the over-all organization. The dominsant
personalities of department managers may not necessarily re-
flect the best interests of the company in attaining an opti-
mum management control system; therefore, top management
support is required where the application area encompasses
more than one department.

Because of the continuity required in passing from
the application study phase into the implementation phase,
members of the EDP installation who will be responsible for
developing in detail and implementing the application should
be represented in the study group just as soon as it 1is
realized that the application will justify the use of EDP
equipment. Having been with the study group throughout the
entire application analysis, the EDP analysts will be well
versed in the intricate detalls of the system and will be well
qualified for implementing the system onto electronic compu-
ting equipment.

In determining the composition of the study group,

perhaps management should consider using the services of con

sulting firms much as was done in the initial system survey.
Much technical knowledge of electronic computing equipment

and much experience in the knowledge of potential trouble

areas may be gained by adding the resources of a consulting

firm to the application study group. However, management
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should not be confident that all their problems can easily be

answered by assigning complete responsibility to consulting

firms. Consulting firms do not possess the detailed operatiing

knowledge of the particular organization which experience may
only be attained from company personnel. The knowledge of
company policy and operating techniques may be found in a
well organized systems and procedures group, and a good com=-
bination of experience and computer technologies can be attaj
by adding the consultants in the form of advisors to the surs¢
vey group.
With or without the services of a consultant, member$
of the study group should become familiar with the latest
developments in computer technology. This technology may be
gained through attendance at the various computer manufactu-
rer's training schools, through numerous seminars sponsored
by management organizations, through numerous trade journal
articles and publications and through active participation
in systems seminars and conventions. A goodly number of unit
versity sponsored courses are becoming available throughout
Canada and the United States which supply an ever increasing
knowledge in this field., Furthermore, members of the appli-
cation study group should be familiar with the firm's long
term poliey and should be knowledgeable in combining factors
of production in an optimum manner. The group must thereforg

possess the professional services of a company economist.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES

lned



UNIVERSITE DOTTAWA .- ECOLE DES GRADUES

THE APPLICATION STUDY 57

Having availed themselves of personnel who appreciatqg
and can interpret long term company policy, management are irn
a position to constitute the application study group and
assign responsibilities. By further sponsoring these individ
duals in active membership in one or more systems associations,
management will assure their firm of possessing the latest
electronic computing techniques and will furthermore be cons4

tantly abreast of continuing management developments.

Phasing of Operations

Commencement of the application study may not in all
cases be distinguishable from completion of the system survey.
The two studies have overlapping functions which makes them
in some cases almost as one continuous study and presumably
the personnel involved may be the same. There may in some
cases, however, be a complete demarcation of the two studiles
particularly if the application study is one of series of
such inquiries carried out as time permits subsequent to the
system survey. The phasing of these studies in relation to
the system survey and the subsequent application development
and conversion phases may be graphically illustrated as in
Figure 6.

A ¥mowledge of the overlapping functions existing
between phases may be more easily understood by a look at
Figure 6. Figure 6a portrays the time phasing of the system

survey in relation to the subsequent phases, while Figure 6b
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shows subsequent phases development independently of the sys-
tem survey. Considering Figure 6a, the application study in

8 large firm and covering a large scale digiml computer appli

cation will probably consume the better part of a year with up
to three months at the start of the study overlapping with
the tall end of the system survey. Application study person-
nel may be drawn into the final deliberations of the system
survey so that continuity and understanding will be maintainefl
in going from one phase to the next. The latter six months
of the application study is spent on computer selection which]
may be overlapped with a separate pursuit into the detalled
development of the application subsequent to its being justi-
fied for installing on electronic computing equipment. The
computer selection inquiry may be considered as a study indepFn-
dent of the application justification or the application
development; however, since it will be pursued by the applical-
tion study group, then it is considered as a continuing por-
tion of the justification study. Simultaneously with the

computer selection inquiry, however, may be the establishment
of an organization to pursue the detailed development of the
application. Personnel assigned to the development program
will have been drawn into the justification study at an early
date s0 as to gain an intricate knowledge of the application
paremeters and will be able to independently proceed with

detailed application development with little direction from
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management, After epplication development has got under way,
then the analysts responsible for programming and implementas
tion will be drawn into the details of application developmext
80 as to provide continuity and understanding between these
phases. Because programming and testing operations will be
carried out simultaneously, then a demarcation between the
development and implementation phases cannot be drawn; there-
fore, Figure 6 portrays these two phases as overlapping one
another. Subsequent to the implementation phase, other overd
lapping will occur when operations get under way and when thére
are still programs which require testing and debugging.

Figure 6b is a repetition of Figure 6a with the ex-
ception that the time spent on the systems survey is not
included, and also, the second part of the application justi
fication phase,i.e. the computer selection portion, is not
included. The time phasing of operations illustrated in
Figure 6b will apply to those applications considered subse-
quent to the system survey and for which available computing
capacity exists., However, should subsequent applications be
considered which require additional capacity, then again the
computer selection portion of the application study phase
will be included and will overlap somewhat with the develop-
ment phase.

From the phasing of operations illustrated in Figure|6,

it is evident that an organization must be flexible in assigp-
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ing personnel from one phase to another, and in ensuring that
personnel in phases which are interdependent have preliminarj
knowledge from the preceding phase by having been drawn into
the deliberations of the previous phase. Maintaining conti-
nuity between phases requires considerable organizational
planning and foresight which contributes to minimizing the
length of time taken from the initial system survey until
an application is operational., The minimum time to cover all
phases will be in the order of five years, and should an
organization lack foresight in maintaining continuity from
one phase to another, then this time may be extended up to

six and one half years,

Manner of Analysis

An application area will have been selected for po-
tential automating because it fits well and will contribute
to an over-all scheme of organization. However, the applica
tion in its present form may not possess certain characteris¢
tics which are required by an integrated data system. These
discrepant areas, unless cleared up, may cause extensive
damage to the integrated data system; therefore, they must be¢
pinpointed and rectified so that the new application will re:
flect corrective procedures. In the determination of these
areas, and as a starting point for developing a new system,
the study group should work from the findings of a system

survey and from the statement of application expectations whjch
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form the basis for organization of an application study. They
should also understand what the application i1s expected to
contribute so that they may design an application which can
easily be integrated into the planned data system.

Working from the charts developed as a result of the
system survey, the study group will firstly document the pre-
sent application flow. Should the system survey have not
thoroughly documented data flow of the application, then the
group may have to do a survey of the particular application
along the lines of the procedures outlined in the preceding
chapter., The documentation produced will be in the form of
an application flow chart with supporting statistics on data

characteristics, and with attached samples of forms presently

used. A sample application flow chart which lays out the
detailed procedures involved in a typical counter sale with
subsequent paperwork documentation is illustrated in Figure 7
A careful enalysis of the present application docu-
mentation will point out procedures in which substantial impn
vement can be made and the group may then develop a proposed
application flow which will reflect improved processing
efficiency in the discrepant areas. In synthesizing data
flow in the form of a redesigned application flow chart, the
group will establish the characteristics of basic files
required in the new system and the characteristics of data

which flows into and out of the system, for it is upon the

O-
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establishment of these data characteristics that the EDP
staff will develop the detailed procedures for implementation
In designing this application flow, an attempt should be madg
to accurately establish the decision criteria that will be
simulated on the automation equipment. These criteria will
be normal management decisions v ich may be assumed by the
EDP system and which form an integral part of the application
area, As a supplement to the redesigned application flow
chart will be samples of redesigned forms and notes on the
redesigned procedures and on the organizational structure
which will be required in implementing the new application.
In their perambulations, the analysts will undoubted;
ly be faced with the problem of whether the data relationshi?a
substantiate the need for centralizing the flow of data into
an EDP instellation. Should it appear that centralization
of data flow is necessary, then the analyst may consider
whether there should be a synonymous centralization of opera-
tions. As management becomes more capable in handling a comt¢
plex business through the simplification of data flow as a
result of installing an EDP system, then there may be strong
arguments for centralizing the operating functions; however,
the arguments still exlst that decentralization of operationﬁ
brings management closer to the worker, gains the advantages

of small community benefits, and that electronic computing

methods will provide a more powerful method of disseminating
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management data such that decentralization of functions will
be favoured. There may be considerable advantages to be
gained in either respect and some of the considerations will

be discussed in a subsequent chapter.

2.- EVALUATING THE APPLICATION

Economic Evaluation

Having an appreciation of the present and of the pro-
posed application parameters and data flow characterilisties,
the study group may proceed to Justify the economic worth of
adding more automation. The proposed application may be com-

puter feasible but may not economically justify added mechani

zation; therefore, a comprehensive economic appraisal must
follow. This assessment should consider the total contribu-
tions to be gained from the proposed application and carefullly
weigh these benefit against the shortcomings of the present
system, because 1t must be realized that electronic computers]
are not the only answers to organizational problems and may in
fact present further problems.
The study group should not be hastened into performing
a quick application evaluation. Top management may have been
sold on the idea that the application under study is obviouslly
computer feasible and should therefore be quickly implemente&
without realizing the full implications. Top management exu-
berance must be held in check until a thorough appraisal of

the application has been accomplished.
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Frequently, applications are suggested which may be
quickly implemented onto an EDP system. They may be presentsg
along with the arguments that getting a computer and instal-

ling these applications quickly will reap benefits which wil

pay for the costs of installing EDP equipment and then furthﬁr

applications, which utilize remaining unused capacity, will
constitute the icing on the cake and will provide pure profit
This approach, however, disregards the basic fact that such
an easily implemented application may not necessarily reap as
much investment returns in the long run than would some less
attractive applications. The real benefits may not be so
easily realized; furthermore, there may be extensive intangi-
ble dislocations which would preclude rushing into the auto-
mation business. The pressure of unions for higher .wages
shorter annual working hours, guaranteed annual wages, and
restrictive displacement benefits limit the direct dollar sa-
vings that may be realized from implementing computing method
It is easy to state that a computer will displace one hundred
clerks; however, the practical limitations of the demands of
a good economic system for worker security will erase many of
the direct savings which would otherwise have been realized,
Most companies, in lmplementing further automation, have
adopted the policy of reducing personnel through normal em-

ployee turnover and attrition, and through absorbing displace

personnel in other departments of the company without reducin

da

Se

their take home pay. A thorough economic evaluation will
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discover these indirect dislocations. For the purposes of
this chapter, the direct costs and savings will be considered
while the indirect effects upon the worker, upon management
and upon the company will be considered in a subsequent chap-
ter.

The results of application analysis may indicate a
requirement for more automation, however, it may just as eas#
ly recommend that sufficient mechanization already exists
within the application and may recommend alternate data pro-
cessing methods. The importance of automation costs must nof
be underestimated at this stage for analysis  the Computer
Use Surveyl indicates that of the 28.9 percent of all applie

tions rejected, some 79 percent are rejected during applica-
tion analysis. A summary of the opinions indicates that
applications are accepted primarily for their contribution tg
costs reductions; therefore, the significance of the study as
an economic analysis 1s apparent. The study should thereby
pursue a comprehensive costs-savings comparison analysis.

In a costs~-savings analysis, particular emphasis
should be given to the direct savings attributable to furthen
mechanization., Direct savings are those displaceable costs
which can be reduced or eliminated as a result of increased

mechanization. The economic evaluation appralses the amount

1 Systems and Procedure Association, Computer Use
Survey, Empire State Chapter of S.P.A., 1958,
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of direct savings with respect to the costs of automation in

the proposed system; therefore, the cost justification should

eliminate any savings which may result from a recommended re-
organizetion, Although the comparison will consider only
direct costs and savings, intangible benefit should not be
completely ignored. If the displaceable costs of the present

system exceed the cost of the proposed electronic computing

system, then conversion to the new methods are more than cosf

justified, however, "if the displaceable costs are approxima-
tely equal to, or even less than, the costs of the mechanized
system, it might still be a wise decision to install the elegd
tronic equipment, based upon better reporting and the other
intangible benefits".2 Intangible benefits may provide the
deciding criteria as to automating an application or selectir
alternate methods for increasing data processing efficiency.
While synthesizing an application, an economist shoul
cost the application development, programming, debugging and
conversion operations; because, however justifiable the appli
cation may seem to be in terms of its contribution to an
integrated flow system, and regardless of the obvious savings
that may be realized, there still remains a long, arduous and
expensive task of developing and implementing the applicatiox

The time and expense of the two subsequent phases should not

2 Neal J. Dean, "Is Automation for You?", Office
Executive, January 1958, p. 26.

&
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be under-estimated. The analysis phase is a small portion of
the expense involved. The most expense lies in converting an
application onto an EDP system,5 and these costs may precludg

any further analysis.

Degree of Automation

The application analysis should promptly determine
whether and to what extent the application is computer feasi-
ble., This does not imply economic but rather computer practi
cability. A preliminary assessment of data volume and saving
potential will indicate whether to proceed any further with
the computer feasibility analysis., If the volume processing
appears to small, or if the potential savings appear insignid
ficant, then further study would be a waste of time as the
most significant savings may have been realized from the in-
creased efficiency gained as a resuléﬂkhe system survey. It
might be interesting to note what the opinions were on re-
jectlon of applications as established by the questionnalre

published in the Computer Survey Report.4 The opinions for

rejections showed:

S The development and implementation phases require

more personnel and chew up expensive computer time in progran

testing and debugging operations. These phases require more
technical knowledge of computer characteristics than required
in the system survey and application study phases., Much 1lite
rature has been written on these phases. A good reference i
this respect is Richard G. Canning, Installing Electronic Daf

a

Processing Systems John Wiley and Sons, Inc., New York, 1957/
XIT - 199 p.

4 S,P.A., Computer Use Survey, p. 9.
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« Volume of data too small - 96 reasons

Too costly - 92 reasons

No time savings - 53 reasons
. Routine has too many exceptions - 35 reasons

Lack of reference to account history - 17 reasons

o U = K N
*

« Inadequate input-output equipment - 10 reasons

From this questionnaire summary then, it would appear that
volume data and potential savings are an important factor in
the early rejection of applications.

Should the analysis indicate that the application is
not computer feasible, then the study should determine alter-
nate methods of performing the application. Assuming that ar
application had some merit in being presented in the first
place, then there may be potential savings 1n other processir
methods.,

Some applications may warrant partial mechanization.

When such applications are perceived, then the study group mTy

consider the use of service bureaus in handling part time,
peak load requirements and the application may be automated
to the extent of catering to such peak loads. Service bu-
reaus are small data processing centres which computer manu-
facturers are establishing for the purpose of renting compu-
ters on a part-time basis. Service bureaus provide the capa-
eity for spplications which may not be completely computer

feasible but which, because of spasmodic demands, may requirg

1E
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partial electronic computing. Generally, there are four cate-
gories of users who can benefit by using service bureaus:d
l. Firms with a volume of paperwork that does not econo-

mically justify their own machine installation.

2., Firms with a sufficient volume of work to support an
instal lation but who may want to pre-~analyze the
economics of such an installation.

3. Companies preparing for an installation of their own
who wish to pre-test their programs and procedures
during the installation period.

4, Organizations with their own installation who find it
expedient and economical to use service bureau facilis
ties for special reports, to eliminate peak loan ope-

rations, or for selected repetitive applications.

Another alternate processing method which may be con-
sidered is the use semi-automatic electric accounting machindgs
(EAM). Punched card equipment is often used as an intervening
step toward implementation of an electronic computing systemy
and no EDP installation can operate without the back-up of an
EAM operation in preparing data for the computer on punched
cards, for pre-editing of transactions, for converting data
into magnetic tape and in performing similar functions with

the output from an EDP installation. Therefore, utilizing

5 0. M. Scott, "A kook at Service Bureaus", Punched
Card Data Processing, May-June, 1959, p. 18.
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EAM will bring partial mechanization into an application, anﬂ
above all, provide the application with one step toward the
time when potential savings and data volume will substantiate
conversion to an electronic computing system.

The analyst may also consider the amount of mechaniza-
tion that an application requires is contributing to the
build-up of an IDP system. Perhaps the application in itself
will not substantiate EDP; however, it may form an integral
part of an IDP system without which the over-all system could
not operate unless the particular application is automated.
The application may provide the synthesis for an EDP system,
it may be required to substantiate additional computer capa-
city, or it may be required in levelling out the mechanizatidgn
in an existing highly automated system. Whatever reason it
was perceived, the analysts should assess the contribution
that the application will make to the firm's over-all data

flow system.

Implementation Problems

Developing an application for EDP has extensive impli-

cations which are not readily discernible. Some of these con
siderations which the analyst should dwell on are: the effects
of data flow centralizatlon upon the company organization,
the relocation of plants and equipment in installing large
scale electronics equipment and the changing clerical respon-

sibilities as a result of more sextensive mechanized clerical
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procedures. The company organization and structure may chang
to the extent that old timers find it foreign and incompre-
hensible; therefore, a comprehensive executive and employee
educational program will need be developed. There will be
doubt in the minds of the workers as to how they fit into the
new system, as to whether they will have to retrain themselvgq
to learn the new technology in order to keep a job with the
firm, or possibly that their job might be eliminated altoge-
ther. These doubts can be diminished through an educational
progream.

Possibly, the analyst should also consider the effecHt
upon the firm's competitive position within the industry.
Presumably the raising of productivity as a result of imple-
menting an electronics system will give the company a compet]
tive advantage; however, this might not be the whole case.
The firm may be facing competition where there are a number
of producers of a slmilar product and where the price and
production policies of one firm cannot be varied too much fo
fear of reprisal from other firms. Furthermore, any competi
tive advantage which may have been gained from implementing
current technologies may not be realized over the long-term
period. Assuming free entry into the industry, other firms
presently engaged in the industry may also adopt the latest
technical developments and align themselves competitively

again with the company leading in implementing the latest
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computer technologies. Therefore, any advantages in extra

profits to be gained from implementing the latest computing
techniques may only be short lived and may not be sufficlent
to cover the huge sums of money required for developing and
implementing such a complicated system. The economlist should
therefore establish the competitive advantages to be gained
and precisely evaluate the economic benefits which may accrusg
to the company, to the management organization and to the

worker.
3.~ THE EQUIPMENT REQUIREMENTS

Required Application Capacity

The application analysis should come up with a pre-
cise determination of mechanization requirements. This invol-
ves assessing the volume of data flow, the frequency of data
requirements and the size and other characteristics of the
data belng manipulated. Having furnished themselves with
required data characteristics, the study group may then deter
mine what type of electronic computer appears most appropriaf
to the application,

An assessment of the volume, frequency and costs of
processing data will indicate whether a small, medium or
large capacity electronic computing system is required. A
look at the calculation of requirements will determine whethse

a digital or an analogue computer is required. Since most

e

r
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pf the business man's needs in data processing are for smila-
ting clerical-type operations, then the probability is that
digital processing equipment is required. This discussion
rill therefore be limited to the consideration of digital
%quipment.

The size of capacity is determined by the characteris-
tics of the data being processed. In any organization, the
fuse of small capacity EDP will normally be limited to the pro-
cessing of low volume data within the confines of individual

%ffices, or to the computation of simple problems in the local

Ehere the problems originate. Small scale capacity may also
e substantiated by the need for raising the level of mechanij
zation of individual offices so as to speed up the flow of

|data and contribute to the overall efficiency of an IDP systey
fied on the basis of volume data processing, frequent repeti-

lating management decision-making criteria. Medium and large

scale capacity may also form the hub or core of an IDP system
city is required will depend upon the degree of flexibility
required in operations, the volume and speed of manipulating

data, the extent of automaticity required and the validity of

city which normally uses punched cards native language media

Medium and large scale capacity, on the other hand, are justit

tive clerical operations and an ever increasing need for simuy

The decision as to whether medium or large scale capat

or reliability of the processing function. Medium scale capat

e
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is relatively inflexible to volume increases compared to largd
scale systems which utilize magnetic tapes native language
media. PFurthermore, medium scale capacity usually requires
considerable manual intervention; therefore, it is limited
with respect to the simulation of management decisions and of
controlling the automatic flow of data within an IDP system.
Large-scale capacity, on the other hand, may have prg
determined management criteria progremmed into the operationé
of the computer which will control the flow of data within aj
IDP system with a minimum of manual in tervention. Further-
more, it is flexible to the extent that its capacity may be
increased considerably without any additional planning or
staff. Additionally, reliability is immune to volume increa-
ses; whereas, with medium scale capacity, where additional
personnel are required for increased activity, the degree of
reliability varies inversely to the amount of extra planning
and personnel required. Large scale capacity may also proceg
variable lengths of files, whereas medium scale capacity is
usually restricted to the processing of fixed length files.
This negative aspect of medlum scale capacity may, however,
be somewhat overcome by developing technologies of in-line
electronic accounting and processing in random rather than
sequential fashion, which techniques are being developed as
gauxiliary equipment to both medium and large scale capacity

systems.

e

s

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

THE APPLICATION STUDY T

Perhaps analogous to the scale of capacity required
would be the extent of supporting electrical communications
systems that are required. If the intent of the application
is the processing of data without regards to an IDP, then
there will probably be little requirement for tying in the
functions of the computer with the processing requirements of]
the system. However, if the intent of the application is
such that the EDP operations will form an integral part of an
IDP system, then the requirements concerning telecommunication
facilities will need to be determined and the available faci-d
lities may in turn reflect on the types of electronic compu-
ting equipment that would technically warrant consideration.
The extent of participation of the application within an IDP
sy stem may therefore have a direct bearing on the scale of
capacity required and the types of computling equipment that
may be considered.

Additionally, there would be little merit in consi-
dering equipment that is not compatible with the present datg
processing operations; therefore, an assessment must be madqg
of the present processing characteristies. If a semi-
automatic data processing system has been carefully built up
over the years, then records and functions will reflect the
characteristics of equipment used., Implementing an sppllica-
tion which disregards existing records and equipments may
result in considerable confusion and considerable incompatibi-

lity. The existing equipment, however, should not dictate
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the type of electronic equipment selected for the application

Existing Capacity

of required capacity has been established, the study group
should determine whether sufficient unused capacity exists
within the firm to handle the proposed application.

Most computer manufacturers, in renting their equip-
ment, will charge less for second and third shift operations
than for the primary shift; therefore, unless a full three

shifts are operating, considerable economies can be gained by

purchased, incressed returns on investment can be realized by
bringing such unused capacity into play and thereby spreading
fixed operating costs over a larger volume of production.
Unused capacity may be stated in hours of mainframe
time. By comparing the unused mainframe time against the re
quired application mainframe time, and allowing for a normal
increase in application activity as well as present applica-
tions activity over a long term period, then it may be deter-
mined whether sufficient unused capacity is available for the
proposed application. Should sufficient capacity be availabl
then the study group may promptly wind up their survey in the
form of a report. However, should additional capacity be re-

quired, then the group may submit an interim findings report

At this stage of analysis, when the size and characte]

utilizing such unused capacity. Even if the equipment has beTn

4
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and proceed with economic justification for a particular typ¢

of manufacturer's equipmsent.

4.~ COMPUTER JUSTIFICATION

Desirable Characteristics

What does the economist look for in justifying the
selection of particular computing equipment? Perhaps there
are several desirable characteristics which should be consi-
dered in narrowing down the selection of equipments.

Primarily, of course, the analyst is concerned with
building of a compatible IDP system and implementing electro-
nic computing equipment which will not endanger a compatible
integrated relationship but which will increase the facility
with which data is processed. Therefore, a most important
characteristic is that electronic computing equipment be
adaptable to the building of an IDP system. Adaptability majy
be assessed on the ease with which the computing equipment
may be installed and the ease with which conversion opera-
tions may take place. Perheps also, adaptability may be as-
sessed on the compatibllity of the electronics equipment to
other applications which may be considered in the future.

Regardless of how economically justified a particulaxy
equipment may appear and regardless of how adaptable the equj
ment may be, 1t might still prove to be a most expensive

"white elephant” unless it possesses a high degree of

p-
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reliability. The more mechanized that procedures becoms,
then the more dependable a firm becomes upon a high degree of]
machine reliability. A car which is broken down one tenth of]
the time because of repairs may not be too inconvenient to
the average individual; however, to a taxi driver such lost
time may prove disastrous because of lost business. Consequenr-
ly, reliability will depend upon how much a firm's production
is geared to good machine performance. In a preliminary sur-
vey phase, the analysts may assess the reliability of computing
equipment through an analysis of the maintenance and servicin@
facilities that are available for each type of equipment. An
assessment should be taken of the calibre of person required
to maintain the equipment, the avallability of repalrs, the
ease of access to the computing equipment for maintenance purp
poses and the relative complexity of the equipment which
needs to be maintalned. Having availed themselves of the
various characteristics which determine reliability, the
analysts may then establish a ratio of performance time versug
down times for each type of equipment and thereby point up
the equipments which may prove most reliable.

Many EDP equipments are justified on the basis that
they are extremely flexible to production volume increases.
As the scale of operations of an organization increases, so
the capability of the computer increases without a propor-

tionate increase in performance costs as would be experienced
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with manual methods. Furthermore, sudden production volume
changes may be easily handled without the inconvenience and
costliness of hiring extra clerical help. As a result, the
ability with which each computing equipment is able to adjust
to and handle peak loads and gradually increasing scales of
production should be assessed. There is little need in ins-
talling computing equipment which will just handle the averag
work load experienced today, whereas a year later the capacit
may prove to be more than inadequate. The costs which may
have been justified in the initial installation may more than
be offset by the additional installation costs of more capa-
city at a later date or the business which may be lost in not
being able to expand operations to meet demand. Because elec
tronic computing equipment constitutes a major capital expen-
diture, then its investment must be considered in light of
the long run operating policies of the company. Possibly
another consideration with regard to flexibility is the de-
gree to which the computing equipment is able to assimilate
the developing technologies in input and output equipments,
i.e. the particular equipments which read or process data
into and out of a computing system. Since most computing
equipments possess high processing speeds and relatively slo
input and output devices, then there remains potentially
lucerative areas in the development of faster input and outpu#

devices. Computing equipment should be flexible enough to
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handle any faster input and output equipments which may be
designed in the ensuring years.

It may be characteristic in many firms that once top
management have become interested in electronics equipment,
they will after a few months wonder why the equipments have
not been selected, installed and operating. Quite often
there exuberance may have to be held in check when they are
not thoroughly aware of the implications of installing elec-
tronics equipment; however, at tne same time, the analyst
cannot disreggrd the availability of electronic computing
equipment. As delivery time is delayed, the more obsolete
becomes the originally conceived application for which the
electronics equipment was procured; so in evaluating the capdg
bility of equipments, the analysts should assess how readily
the equipments may be avallable and the facility with which
the installation may proceed.

Much sales literature stresses computing equipment's
speed as being one of the basic criteria of a good computing
system; however, in building an adequate data processing sys-
tem, there is little use in having one portion of the system
operate at mlerosecond speeds when the remaining part of the
system operates at milli-second speeds. The faster the speed
of the computing equipment, the higher will be the price of
the system and the greater will be the risk of lower reliabi-

lity. The desirability for speed should therefore be judged
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in light of the processing speed requirements of the remaindeg
of the IDP system. Furthermore, most business type applica-
tions are characteristic of volume data processing with relaj
tively 1little manipulation of data; so there is no real requi
rement for speed other than in the minds of computer manufac-H
turers.

Perhaps, the least important consideration of all
characteristics in evaluating equipment is price. Many manu-
facturers spend a tremendous amount of money in research and
design of highly reliable equipments. On the surface, such
highly reliable and well designed systems may appear too
expensive, but in the performance that may be gained by the
installation perhaps the costs may eventually prove to be

more than reasonably priced.

Rating of Computer Characteristics

Before comparing the economies to be gained from in-
dividual computer systems, 1t may be well to eliminate those
systems which are undesirable with respect to their general
characteristics. The usefulness of any computing system is
reflection of the several previously mentioned interrelated
and desirable characteristics., A table of these characteris;
tics may be established in descending order of preference,
and a set of values may be assigned each characteristic so a

to reflect its particular importance to a firm. The most

I
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desirable equipment will then be that assigned the highest

point score. Table I reflects this value assignment system.

The computing systems designated as A, B, and C have

no significance toward any particular manufacturer as they
are merely examples to illustrate the relationship between

the characteristics of computing systems. In constructing

the following consliderations were made:

1.

The characteristics were listed in descending order
of preference as discussed earlier, and the value
ranges were established so as to reflect this order.
Most computing equipments will reflect a high degree
of adaptability because of the development of special
equipments which will convert native language media
from one to another. However, in order to accomplish
such a conversion of data, additional planning and
additional equipment is required; therefore, a range
of values is required to reflect this inconvenience.
The value range for reliabllity is established fairly
wide so as to reflect the degree of maintenance re-
quired and the degree of satisfaction that present
users experience in the use of their equipments. Per-
haps, also, the value assigned reliability will refleg
the time and investments which each computer manufac-

ture has spent on developing their particular equip-
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TABLE I

Evaluation of Computer Characteristics

Characteristics Value Electronic Computing Systefs
Range A B c

Adapteability 0 - 15 15 12 10
Reliability 0 - 12 10 8 6
Flexibility 5 - 10 10 10 7
Availability 5 - 7 7 7 5
Speed 3 - B 5 6 3
Price 0 - 7 3 7 6

Totals 13 - 56 50 50 37
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The bottom range of values for flexibility is consi-
dered as not less than a value of five because, regard
less of the system used, there is always available a

certain amount of flexibility. A system may be utili-

zed 100 percent of the time; however, additional fleﬁi-

bility may always be attained through purging existing
applications of inefficient runs and converting these
inefficient or less desirable applications to semi-

automatic or manuel methods. Most computer runs pos-
sess Inefficient operations and process undesirable or

infrequently used data. Purging the computer runs of

this undesirable data requires fairly extensive investi-

ments in program analysis, and for this reason, compu-

ter users may be reluctant to avail themselves of thig

potential flexibility.

The range of values assigned to availability is fairly

restrictive because investments in a large scale compy
ting system and delivery of any of these equipments
must be considered in the long run period. Regardles
of whether the equipments may be available within 18
months or whether delivery may be delayed up to three
years, the long run policy of the company will deter-
mine the use to which computing equipments will be
implemented and manufacturer's delivery dates may not

be substantially reflected in company policy.
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6. The speed characteristic range has been established
quite narrow because the internal processing speed of
en electronic computer, as indicated earlier, does not
determine prodictivity as much as does the input and
output equipment; therefore, this range has been so
established that any value sassigned speed will not beaf
atrongly on the over-all computer assessment.

7. Price, alone, will not necessarily justify computing
equipment; however, because management must endorse
long term capital expenditure projects, then this cha-
racteristic has been given a range which will reflect
such a major declsion and yet subordinate it in effect
to the other characteristics.

An anelysis of Table I indicates that computers A and
B are equally and highly desirable systems, while computer C
may be rejected at this stage because of its relatively low
value assignment, ©Since both computers A and B have the samg
value assignment, they may therefore both be given more care-
ful consideration. Possibly at this stage of analysis, sincHq
either system 1s desirable, then the only distinghishing chad
racteristic which need be more closely examined is the price

of the respective equipments.

Cost Analysis

Having narrowed the selection to equally desirable

systems in terms of operating characteristics, a discerning
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cost analysis will select the most economically desirable com
puting equipment. The object of an economic evaluation is to
select the range of equipment which will provide the firm

with the greatest returns on investment in the long run pe-

riod. Costs, therefore, provide the basis on which to assesr

the most appropriate equipment.

Carefully maintained electronic computing equipment
may have a useful economic life of 15 or 20 years. Technical
developments, however, may produce more desirable equipment
within a period of five years; therefore, a long term period
of ten years is generally used in computing average costs of
production and rate-of-returns on investments.

The economist should firstly establish the long term
average costs of production which each equally desirable
equipment will produce. This analysis proceeds by selecting

a representative work load6 which reflects costs incurred by

6 County of Los Angeles, County Assessor, Evaluation
of Bids for an Electronic Data Processing System for Progertm
Assessment and Tax Collection Work and Recommendation o
Award to DATAmatic Corporation, Los Angeles 15, Californiea,
May 7, 1957. The approach taken by the county was to submit
a typical and representative problem of a major application
along with specific questions to various computer manufactu-
rers who would assess the time and costs of processing on
their respective equipments. Specifically required machine
characteristics and equipment complement were enumerated.
Having laid out the specifications for a representative work-
load, and having had the computer manufacturers program and
cost the problem on their equipments, the analysts were in a
position to compare and analyse proposals and bids. Conside-
rations were alsoc given to intangibles such as programming
ease and flexiblility. Thus an economic evaluation was
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depreciation, power, spares requirements, maintenance, preparg-
tion and personnel. Upon this basis, the total costs incurreqd
in meeting maximum production over the long run period are

calculated. The long term period is particularly important
in this analysis. What may appear to be the lowest average

costs of production equipment in the short run may turn out tq

be one of the highest average costs machines in the long run
Lecause of an inflexibility to handle all the applications

expected for conversion over a period of ten years, The equip-

ment must possess sufficient flexibility to meet the long ter
workload requirements, otherwise considerable other costs sucI
as loss of market and increased manual costs may be incurred.
The lowest average costs of production machine thus presents
one criterion which the econonist may present in the survey
report.

The economist should secondly establish the out-of-

pocket expenses which would be incurred for each range of

possible on the basis of the costs of processing a represen- L
tative workload. The county approach may not however be suiti-~
ble to every application analyses. Not all varigble criteria
of an application may be adequately simulated in a representat
tive problem and therefore bids may sometimes be misleading.
Perhaps, however, such an approach may almost always be justi
fied in its usefulness in orientating company personnel into
the particular characteristics of each line of computing
equipment. This educational value may be a pre-requisite

to a knowledgeable analysis of various computing systems.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

THE APPLICATION STUDY 20

equipment over the long run period. Average annual operating
costs may then be summarized as illustrated in Table II.
These statistics present a second selection criterion.

Next, the economist should present management with a
means for comparing the returns on investments expected from
computing equipment against returns expected from other capi-~
tal expenditure projects such as advertising, plant expansion
and product improvement. From the statistics summarized in
Table II, the economist may calculate the pay back period,
i.e. the length of time it will take to recuperate out-of-
pocket expenses., The displaceable costs eliminated by imple-
menting EDP equipment will be used in this analysis and a
price tag may be assigned intangible benefits in this respect
On the basis of these statistics, the economist may further
establish the effective rate of return on investments. These
calculated decision criteria will then neatly summarize the
results of equipment costing and will present management with
sufficient data to select the most economically desirable 1lin
of equipment.

Economists, who are costing electronic equipment,
should possess considerable knowledge of computer characte-
ristics so that they may effectively evaluate manufacturer's
bids. Some bids may be out of proportion to others because
of a wrong interpretation on the part of a computer manufac-

turer as to what specific machine requirements are desired;

e
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therefore, evaluation of bids should be done with extreme

care and with a knowledge of computing equipment.

In assessing bids, the analysts should fairly determinp

when quotations have been made for machine characteristics
which are beyond the pre-established requirements, and should
accordingly adjust such bids so as to bring the characteris-
ties into the acceptable limits., Each range of computing

equipment is different in many respects. One computing sys-
tem may be more automatic, more electronically complex than
other types of equipment depending on the particular computen
manufacturer's design. Because every line of computing equig
ment l1s physically different, the respective bids must there-
fore be analyzed and weighted according to the required cha-
racteristics and valued accordingly.7 Guiding the analysts in
their bids assessments, will be the ease with which the va-
rious computing equipments meet the several desirable charac-
teristics: adaptability, reliability, flexibility, availabi-

lity, speed, and price.

7 william D. Bell in his article "How to Evaluate Con-
trol System Bids", Control Engineering, December, 1957, p.87
explains the many pIitfalls which one may fall into in assessﬂ
bids on complex control systems. He lists a number of factors
which may be discounted in assessing bids and by which a pro-
spective purchaser may bring diverse pieces of equipment ontd
a common denominator for fair appraisal of bids. This system
of assessing bids may quite adequately be used in assessing
electronic computing equipment and will complement and supple
ment the County of Los Angeles approach.

ng
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5.~ THE APPLICATION STUDY REPORT

General

The manner of reporting analyses findings will more on
less follow the course taken by the application study. Perio-
dic progress reports will be required to substantiate that
analyses progress is being directed along the lines expected
of the survey. Consequently, the study group's coordinator
will be required to report progress to the manager to whom hse
is held responsible. The frequency and extent of the progres
report will depend upon the coverage and prominence of the
application under study.’

Progress reports are an informal means of communicatir
the course of action being followed by the analyses; however,
documentation of a more permanent nature will be required to
substantiate findings and recommendations. The permanent
documentation will comprise an application study report. Sing
top meanagement may be interested in an early indication of
whether the application is computer feasible, then a fairly
comprehensive report will need to be submitted at that time.
If sufficient unused computing capacity is available within
the firm for implementing the epplication, then a complete

report may be submitted and the firm may swing into the

be required then the applicatlion study will have to select

appropriate additional capacity and make recommendations

development phase. However, should additional or new qapaciﬂy

8

g

e
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accordingly. In thils case, the report will be submitted in
two parts; the first part to justify the application for im=-
pleméntation onto a computing system and for recommending thel
use of any avallable capacity, and the second part for inves-
tigating potentially desirable equipments and recommending
the specific type of additional or new capacity required for
the application. The complete report, whether in one or two
parts, should be extensive in coverage, comprehensive in

understanding and concise in explanation.

Part 1

The first part of the report will substantiate imple-
mentation of the application onto an electronic computing
system. The following subjects will be covered in this por-
tion of the report:

1. Narrative

2, Application justification

3., Equipment requirements

4, Potential problem areas

5. Recommendations

The narrative will indicate the intent for organizing
the applications study and will high light the extent of the
investigations. It will further outline the composition of
the study group, their terms of reference and the level of
management reporting. It will recapitulate the characteris-

tics and products of the company, outline the present data
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processing system, summarize the available equipments and
state the long term policy of the firm with respect to deve-
lopment of date processing. Additionally, the narrative will
sketch the manner in which the proposed application will fit
into long term policy with respect to the development of an
IDP system. '

The justification portion will outline present opera-
tions, alternate processus that were considered, characteris-
tics of the proposed application, an economic evaluation of
the application and the requirements for implementation such
as the required organization and time phasing details. A sum-
mary of present operations should detail the characteristics
of source data and of decision criteria, forms and procedureﬂ
structure, the usefulness of existing files and the shortco-
mings or obvious omissions of the present system. Application
flow charts and supporting documentation are carried as appen-
dices. An outline of the proposed system will indicate thossg
forms and procedures which may be eliminated, required organil-
zation changes, how obvious shortcomings have been overcome
and a summary of the tangible and intangible benefits.

An outline of equipment requirements should firstly
summarize the firm's present capacity and the extent of capa-
city utilization. Application requirements can then be com-
pared against unused capacity to determine whether additiona%

or new capacity is required. Should unused capacity fall
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short of the mechanization requirements, then the group may
outline the types of equipment considered useful for the
application and the size of capacity required.

The report should not under-estimate the time and
difficulties which may be encountered in preparing the appli-
cation for and implementing the application onto an EDP sys-
tem; therefore, an indication should be given of the time,
expense and personnel which will be required in programming
and conversion operations. Additionally, a comprehensive
statement should be given of the required supporting electri-
cal communications equipments and the phasing in requirements
of these equipments., The report may further indicate poten-

tial company dislocations such as employee retraining and

orientation, employee displacements, plant relocation require
ments and organizational changes.

The recommendations will pinpoint the capacity requireg,
the extent to which available capacity may be used, the amounit
of additional capacity that is required, continuing analysis

requirements and implementation procedures.

Part 2

The second part of the report will be prepared only
for investigations pursued in selecting equipments for new
capacity. The second part will therefore supplement the firgt
part of the report, and will consist of a short narrative

indicating the equipment selected, a justification for the
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equipment selected and recommendations with respect to procu-
ring and installing equipment. The narrative will summarize
the capacities and types of equipments considered, the mannen
of analysis, the basis for selection and the recommended
equipment.

The computer justification portion will indicate the
characteristics used for evaluation and provide an economic
evaluation of each range of equipment. A cost analysis of
equally desirable equipments will justify the selection of a
particular computing system. If a typical sample probilem had
been submitted to various computer manufacturers, then thse
results of their submissions and bids will be analyzed and
such analysis will constitute a significant contribution in
the report. This portion of the report should also present
a comprehensive and concise outline of the benefits to be
gained from implementing further mechanization supported by
a costs-savings comparison.

The recommendations portion should concisely enumerate
the line of computing equipment selected, the supplementary
auxiliary equipment required, whether to rent or buy with
supporting cost documentation, the suggested time phasing of
equipment installation and a carefully planned conversion
schedule which will illustrate the phasing out of the old
application in conjunction with phasing in of the new applicg-

tion and its equipments.
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CHAPTER IV

ORGANIZATIONAL EFFECTS

l.- EFFECTS UPON COMPANY ORGANIZATION

Size of Organization

With the expanding use and application of office auto

mation, more firms are becoming concerned with introducing

this technology into their data processing structure. Early
automation history indicates that considerations for automa-
ting data processing functions were restricted to large firmp
because of the huge capital investments required. However,

with development of general purpose digital computing equip-

ment, a wider range of equipment capacity, and the establish
ment of service bureaus for part-time rental of electronic
computing equipment, smaller firms are now able to make use
of considerable office automation.

In order to develop integrated system of processing
deta, a firm will have to consider the steady use of a cen-
tral digital computing unit. Thils involves the installation
of a small, medium or large capacity machine capable of s§i-
mulating management decisions in the automatic computation,
transceribing, filing and passing of data. Installations of
such equipment will entall large capital investments. As

indicated in Chapter 3, there are enormous capital outlays
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in building requirements, programming costs, conversion
costs and in depreciation or rental costs; therefore, these
costs will determine the size of organization that could con
sider developing an automated, integrated data flow system.
Perhaps some indication .of the size of organization
that could justify an automated data processing system uti-
lizing a large capacity electronic computer may be determi-
ned. Assuming that a firm would experience displaceable

costs of 15 percent of total gross revenues and fixed opera-

ting annual costs of $750,000.00 as a result of installing ]
large scale electronic computor, then the firm's total gros
revenue would have to exceed §$5,000,000.00 annually before

reaching the break-even point where additionally incurred

expenses are covered by the reduction in displaceable costs J*

Intangible benefits may warrant lowering of the §750,000.00
break-even point; however, for the purposes of this discus-
sion such benefits will be ignored. In this analysis, the

menufacturing firms in Canada who report production statis-

tics to the Dominion Bureau of Statistics will be

1 This will vary considerably between firms. A firm
with a high ratio of fixed to variable costs will have a
much lower percentage of gross sales which would be subject
of displaceable costs, whereas with a high ratio of variablg
labour costs in comparison to fixed investment costs, a firn
would experience a higher potential for displaceable costs
and therefore would require much lower gross revenues in
order to reach the break-even point.
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considered.2 The number of manufacturing firms experiencing
total gross revenues exceeding $5,000,000.00 annually from
1939 to 1956 are indicated in Table III. In the 18 years for
which statistics are shown, firm with annual turnover exceed-
ing $5 million have averaged an increase of 30 firms per year|.
On a percentage basis, the average increase in number of
firms over the preceding year is 15 percent as compared with
the total manufacturing establishment increases of only 2 per
cent. Therefore, it would seem that considerable scope existls
within the Canadian economy for installation of large scale
EDP equipment and that this scope is increasing year by year.
The increasing potential for large scale EDP installgl
tions may be further substantiated by a look at the cumula-
tive production distributed by size of manufacturing esta-
blishment, where size is determined by annual gross value of
production, as illustrated in Figure 8. In this chart, the
impact of large firms in taking an increasingly larger portion
of total manufacturing production is even more strikingly

evident. However, manufacturing production is only part of

2 There is a notable lack of production statistiecs
in Canada; reporting of production is on a voluntary basis
and useful statistics thus attained are only within the manu-
facturing industries. Even within the manufacturing indus-
tries some bias of statistics results because of reporting
only from firms employing 15 persons or more; therefore, mosy
of the small industries production statistics are not inclu-

ded.
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Table III

Number of Manufacturing Establishments

by Gross Value of Products

Gross Turnover $5 million

Total Establishments

Year annually or larger Reporting
Number of Increase @ver Percent Increase Number of Percent Increase
Establish- Preceding Over Preceding Establish~ Over Preceding

ments Year Year ments Yeoar

1939 81 24800

40 123 42 52 25513 3
41 198 75 61 26283 3
42 278 80 40 27862 6
43 281 3 1l 27652 -1
44 287 6 2 28483 3
45 266 -21 -8 292050 2
46 259 =7 -3 31249 8
47 346 -13 34 32734 5
48 381 35 10 34134 4
49 421 40 10 35792 5
1950 470 49 12 35842 0
51 568 298 21 37021 3
52 5568 -10 -2 37929 2
53 592 34 6 38107 0
54 567 -25 -4 38028 0
55 628 61 11 38182 0
56 695 67 11 37428 -2
Averages: 30 15 2

Source:

Canada, Dominion Bureau of Statistics, Canada Year Books

1943-1959 incl.
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the gross domestic production. Statistics® for the years
1939 to 1958 indicate that manufacturing production as a por-
tion of gross domestic production at factor cost has fluctua-
ted between 24.6 percent and 31.8 percent with a constant
fluctuation about an arithmetic mean average of 28.3 percent.
During these 20 years, manufacturing has not shown any signi-
ficant change in sharing of the total gross domestic product.
Should the swing of production in other industries show a
pattern as indicated by the manufacturing industries toward
large fims, there will be tremendous possibilities for large
scale EDP installations in future years. However, such a po-o
tential may not be in such proportions as indicated by this
reasoning, because much of the remaining 71.7 percent of
domestic production is taken up by the agricultural, extrac-
tive and service industries which industries by their nature
could not utilize as much office automation as could the

manufacturing industries.

Capitalization Requirements

The expanding use of office automation may result 1n
an increasing requirement for capitalization on the part of
firms. As more investments are tied up in capital equipment,

then larger depreciation and obsolescence reserves are requi-

red; therefore, the more a firm is forced into using office

5 Canada, D.B.S., National Accounts Income and Expen-
ditures, 1926-56 and 1958, Table 21.
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automation, the more rigld their capitalization structure be-~
comes., Other factors are however also contributing to a
growing capitalization requirement. The stronger demands of
unions for a greater share in the distribution of income re-
quires larger welfare reserves. The trend toward larger firjms
means more production facilities, a search for new market
areas, dispersal of production functions into frontier market
areas, a greater clerical work force and a more elaborate
management structure, all of which contribute to demands for
increased capitalization.

These mounting capitalization demands may have a ten-
dency toward extending the forecast period of a firm, This
relationship can be graphically illustrated as in Figure 9.
In this chart, curve CC represents the average costs of pro-
duction which are normally experienced prior to implementa-
tion of an EDP system. Curve KK, on the other hand, includes
the costs of curve CC plus the additional costs incurred as g
result of implementing EDP equipment and of inecreased union
demands j1ess the displaceable costs eliminated as a result of
implementing electronic computing equipment. These additiongll
costs are: training costs, programming and implementation
costs, management incentive costs, production reserve and de-
preciation costs, increased workers severance benefits and
guaranteed annual wage clauses.

Curve MM reflects a degree of uncertainty costs which
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Figure 9.
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face a firm in expanding production over the long-term period.
These costs reflect what it would cost the firm should it
error in estimating the type of product design and experiencd
obsolete product costs or should it lose some share of the
market through not a.tomating; therefore, curve MM reflects
changing consumers demands, changing product designs, uncer-
tain availability of raw materials, automation obsolescence
costs and changing fiscal and monetary policies. As the
length of the forecast period is extended, then more risks
are assamed by the firm and therefore uncertainty costs will
mount at an increasing rate.

Normally a firm would plan for OR amount of producti¢n
prior to the installation of electronics equipment; but as
additional costs are incurred and increased capitalization
is required, the firm must extend the forecast period to
allow for increased production RS and extend production to O$.
The effect upon the firm is a tighter and more precise plan-
ning of expenditures, of production research and of purcha-
sing. Increased demands are placed upon the management func
tion. A larger firm is required because of the demands for
increased capitalization and the increasing specialized funcyt
tions facing meanagement. The net effect is the amalgamation
of smaller enterprises into larger organizations, plowing bagk
of profits into an organization so as to build up larger

reserves and absorption of more market demand by the larger

firms.
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The more expansive application of office automation
will also affect the production process. The switeh from
variable to fixed clerical costs and the increasing union de-
mands for welfare benefits will result in a steadier rate of
production. The greater a firm has investments in capital
equipment and the more a firm is penalized for laying off
workers during slack production periods, then the greater is
the incentive for a firm to even out its flow of production.
The same situation will exist when considering production
expansion as a result of increased demand. A firm must plan
for the day when the increased demand falls off and must
therefore think twice before expanding production too quickly.
The firm must, however, still be flexible to market conditiors
and perhaps even more flexible than ever before, because a
delay in switching production from one design to another
means a far greater amount of obsolete production. The greatqr
a firm becomes mechanized, then the more quickly they must

respond to market conditions in order to minimize obso-
lete production. Since obsolete production is a mounting
factor in the long term planning of an organization, flirms
will probably be less inclined to induce a change in market
demand toward new products. There may be a switch in the
amount of advertising from new products toward expounding ths
advantages and qualities of presently produced goods.

With increasing demands upon the capitalization of a
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firm, business faces a narrowing profit margin and so a chal-
lenge exists to inecrease productivity so as to forestall
closing of this gap. A firm is being constantly pressed to
increase productivity and must therefore spend larger sums in
research and development in looking for new techniques of pro
duction. Perhaps, the expanding application of office automa
tion may help to bridge the gap between increasing costs and
levelling out of production returns. The challenge to the
firm, in attempting to maintain their profit margin, will pro
bably have the long term effect of evening out production and

this will in turn have dampening effects upon business cycles

Intercompany Business Relationships

The business relationships which companies experience
with one another will change as a result of automating office
procedures. In vertically integrated organizations, there
will be an increasing incentive for automating the passing of
data from one organization to another. It is highly desirabl
that the data processing systems of each organization be made
compatible. Economy is the key note in integrating functions
on a vertical base, and one of the key areas in which exten-
sive economies can be achieved is in eliminating procedures
that are duplicated between firms particulerly in the recordij
and processing of paper work, This will entail the standar-
dization of forms and procedures, combining the job analyses

and systems research functions, sharing of computer time

WV
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between companies and considerable other closely correlated

functions.

A horizontally integrated business relationship invol

ves numerous individualistic companies, each possessing dis-
tinetly unique data processing systems which have developed
over the years in the light of the particular requirements
within each organization. Additionally, the functions of eacdh
company have little in common with one another other than the
common ownership control. Data processing functions from ons
company to another will therefore not have as much in common
as would companies combined in a vertical relationship.
Attempts to integrate such individualistic data processing
systems may then achieve less usefulness than in retaining
multiple autonomous units even if considerable duplication of
administrative processes does exist. The fact is evident
that there is not the problem of overlapping, similar opera-
tions in horizontal integrated units as there would be in vern-
tical integration where processes are successive and interde-
pendent in nature; therefore, optimum economies in the paper-
work flow function may be obtained by retaining separate datﬁ
processing units using smaller capacity EDP installations.
Firms are furthermore involved with communications oﬂ
data with businesses outside any integrated business relatiof-
ships and with govermnment agencies. A skeleton of manual

procedures will therefore always be required in effecting
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such business dealings. In considering automation, therefore
an organization will need to look outside its own immediate
operating problems and consider the structure of business
relationships experlenced with other firms. This means close}
business ties and a lessening of the firms autonomy within
the business world. Firms will become even more dependent
upon one another and will need even closer and more precise

working relationships.

Department Autonomy

As an organization adopts an IDP system, department

functions in respect of data processing will become less auto

nomous. Departments will develop an increasingly closer rela

tionship to one another as members of one whole system insteaf
of a combination of individual autonomous entities., Unit
managers will in effect lose control of thelr data processing
design functions and will be relegated more to supervision
and administration. This is not té imply, however, that theiL
responsibilities will diminish. Experience indicates that
many organizations have administrative problems which they do

not have time to consider. As more menial data processing

tasks are assumed by automation, then more time will be avail
able for supervisors to explore these long forgotten adminis-
trative problems. Therefore, although he loses autonomy in

some respects, the departmental manager gains more responsibip-

1ity in other respects.
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2.~ THE DECENTRALIZATION PROBLEM

Conflicting statements have been made concerning the
effects of office automation upon decentralization of busi-
ness. Some statements claim that office automation assists
in decentralization while other statements give the opposite
conclusions. Perhaps these conflicting opinions are a ques-
tion of semantics or a misunderstanding of terms; thereforse,
it may be wise to establish what we are referring to when we
talk of decentralization. We must look at those functions of]
an organization which are subject of the decentralization con

troversy.

The Operations Function

The primary function of any company is production. An
organization is established for producing and selling a pro-
duct or service., Operations in support of this primary func-
tion are those which are necessary for maintaining a coordina
ted complex of production facilities. Such functions are the
coordinating and controlling, and the record keeping and ser-
vicing functions,

Centralization of production depends primarily upon
the advantages to be gained from mass production, location to
markets, location to labour supplies, location to power resou
ces and cheaper land facilities, These are factors which
concern the dispersal of an organization in order to achieve

production economies and these are factors which are greatly
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influenced by the effects of factory automation but to a much
Lesser extent by office automation. As labour saving devices
lore more extensively used within an organization and a higher
Fatio of capital investments to gross sales is experienced,

P company will show a gradusal shift from variable to fixed
costs. The increasing ratio of fixed costs will provide a
firm with more incentive to achieve economies in production;
therefore, as more factory automation creeps into an organizad
tion, there is an increasing incentive to physically disperse

the operations function.

The Controlling Function

Parallel to the physical dispersion of production is
the increasing importance of responsibility and authority.
Should physically dispersed production units be self-autonomoy
pperating units? This problem concerns the delegation of res-
ponsibility and authority without forfeiting centralized plan-
nhing and control.

A complex organization may have the functions of co-
pbrdination, control and planning effectively split into two

management levels - top management and middle management,

iddle management may be assigned the short term operating
responsibilities of purchasing, warehousing, sales, productior
Lnd budgeting. They are responsible for combining the availl-
ble factors of production in such a way as to achieve a least

bost combination of production in the short term period and

1S
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also for analyzing market conditions and designing compensa-
ting production and sales policies. The controlling functio#
at middle management level involves possessing a current
knowledge of operating condltions and being in a position
to have their decisions effectively instituted.

As an orgenization grows in complexity and size, more
of the operating responsibilities may be delegated to middle
management. The greater this delegation to subordinate manat
gement, the more encouragement will be given toward manage-
ment specialization. Specialization is enhanced by short
communication lines. The farther an executive specialist 1is

removed in a communication sense from his source of manage-

ment data, then the more difficult his task becomes in assu
ming management functions within operating limits; thereforej
the closer must be to the operating functions. As this com-
munication barrier is decreased through raising the level of
office automation, then more effective management control ma%
be established. By encouraging management specialization
and being open minded with respect to developing maagement
techniques, top management assure themselves of more time in
exercising their responsibilities of planning and control,
Operating departments are normally dependeht upon one
another for ideas and statistics which are communicated by
means of reports or on a personal basis. Distance and tlme

are factors which slow up the communication of such matters.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA - ECOLE DES GRADUES

ORGANIZATIONAL EFFECTS 114

Ideas are best transferred by personal contact; however, sta
tistical data such as current operating statistics, ware-
housing statistics and sales progress may just as sasily be
transferred by mechanical means. This is the area in which
office automation may assist the decentralization of func~
tions which previously had been in close proximity because
of a lack of communication facilities. Therefore, it would
seem that automation will contribute to decentralization of
those staff functions which are not dependent upon one ano-

ther for verbal or personal communication.

Record Keeping

One aspect of an organization which is common between
departments and which may be classed as a service to the
firm's primary function is the record keeping function. This
concerns the maintenance of statistical data so as to facilil
tate operations from one time period until another. Such a
function is a necessary and costly expense of running an
organization and becomes more expensive as the size of a
firm increases. The mountain of paper work required to run
an organization appears to increase at a more rapid pace
than does the size of a firm; therefore, this is one criticg
area in which potential costs reductions may be accomplished
This is an area where office automation provides such an
important potential for cost reduction.

A close look at the data processing functions of any

1
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organization will point up numerous situations of handling
data which are duplicated from one unit to another. The esta-
blishment of an IDP system will eliminate many of these areas
of data duplication. Once data has been captured in a mechan
cal form as a necessary part of an IDP system, then it may be
stored any place in the system. As long as operating depart-
ments have access to historical data in a reasonable amount
of time, they are not concerned with where or how data are
actually maintained. The techniques of office automation areg
such that record keeping can be maintained on a centralized
basis in areas physically removed from the operating depart-
ments. Office automation, therefore, facilitates the separa-
tion of the record keeping and operating functions and contri
butes to decentralized operations under centralized planning

and control.

3.- MANAGEMENT ASPECTS

Management Flexibility and Control

In implementing ADP into an organization, there will
undoubtedly be organizational and management changes. The
minds of management should be open and receptive to these
changes. Management is a dynamic and exacting sclence and
must be flexible to change.

Like any other factor of production, management is

subject to innovations and new techniques. The techniques
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of management were not of much concern to the 1l9th century
individualistic entrepreneur. As organizations developed and
became more complex and difficult of managing, however, the
techniques of operating business became more complex., More
variables of control were experienced and management develope
into a combination of interdependent sciences such as control
financing, engineering and product research, all of which wer
gradually delegated to specialist officers. The effects of
automation have been to add the techniques of systems and pro
cedures development to the specialist functions. Implementin
automation requires a precise and exacting data flow system
development in order to obtain maximum utility from the ins-
talled equipments. This is a full-time job, one requiring
knowledge and experience of available and developing electro-
nics equipment and one requiring a dynamic interest in syste
techniques. However, organizing a system and methods group
so as to inject flexibility into the controlling function
will not relieve management of their controlling responsibi-
lities.

The experience of many EDP installations indicates
that one characteristic common to nearly every one is a lack
of management control, John Diebold and Associates Inc., of
New York, in a survey during the latter part of 1958 of some
200 EDP installations operating for six months or longer camﬁ

up with some interesting observations. The results showed

e — -
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"that we have been very locose and very sloppy in the manage-
ment of data processing activities."4 Recurring instances
showed considerably higher operating cost than anticipated.
Achievements in many cases did not approach the anticipated
results, Mr. Diebold summarizes the basic reasons for instal
lations not achieving the expected performances as lack of
planning and imagination on the part of management.
Management control can be enhanced by extensive dele-
gation of operational functions as the firm grows in size,
by setting standards of performance in which subordinate mana
gement are expected to operate, and by removing themselves
from operating details through‘adoption of the management by
exception principle. Further, by adding automation for rapid
processing of decision-making data, top management may effec-

tively widen their span of control.

Integrated Data Processing Concept

In order to extract the greatest potential from a sys
tem, management should actively support an IDP approach to
analysis and design. Unless such an approach is taken rather
than a piece meal g proach of automating one section at a

time, then the chances are that an incompatible data system

4 John Diebold, "Bringing Management to Electronic
Data Frocessing", Ideas for Management, The Systems end
Procedures Association of America, Detroit, Michigan, 1959,
p. 1050
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will result. Physically separated data processing units will
find that their procedures are not compatible with one ano-
ther nor compatible with the central EDP unit. Such incompa-
tible data systems are the result of misunderstanding by top
management of the concept of IDP.

Any system being implemented should have been desi-
gned from the bottom up, rather than from the top down.
Experience in many cases will indicate that when management
decides on a system and thrusts it upon the data processing
units without taking proper cognizance of processing limita-
tionsof the scattered units, then incompatible situations
will result. Such incompatible systems may be obviated, how-
ever, by management backing of an exacting and thorough ana-
lysis of the éntire existing data flow system. With the
knowledge gained from this analysis, the management planning
group may then design a new system knowing very well what
resulting effects there will be at field units level. Opera-
ting directives will reflect all the problems in the field
and will make allowances for inconsistencies such as the pro-
curing of additional or different types of equipment, re-
training of personnel and revision of existing procedures.
Then and only then will a truly integrated approach have beer
taken and a compatible system designed.

By accepting the IDP concept and actively supporting

such an approach, top management can assure themselves that
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an efficient data processing system will be designed., This
approach will firstly eliminate those procedures which con-
tribute nothing to the over-all system. This involves clean-
ing up the reporting system, producing and eliminating inac-
tive files and duplicated procedures, improving the accuracy
and speed of reporting , and realigning procedures to comple-
ment one another and support one another in the processing of]
data, Management must realize that a well designed system
will reap benefits and present less obstacles even if it
takes longer in developing. By designing an integrated sys-
tem which benefits the organization as a whole, then the prid
mary reasons for implementing automation, that of reducing
costs and of providing more effective management data, will
have better chances of success. Furthermore, an actively
interested management will sew the seeds of inspired support
throughout all levels of the organization., The new system
will therefore be received by operating personnel more under-
standably and happily, and the greater will be the chances

for its successful implementation.

Management Fears

Management'!s concern and reluctance toward office
automation stems from the many problems encountered in &uip-
ment maintenance, the high installation costs, the time con-
suming installation period, the interim - period production

disruptions, the specialized nature of automation equipment

achines to choose from.
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Any maintenance breakdown of integrated office equip-
ment may result in serious production set-backs, developing
bottlenecks, tremendous losses in tled up inventories and de-
layed production schedules. The greater the degree of mechanf
zation, the more dependent the data processing function and
thus the production process is upon good maintenance. However
much of this fear may be dissipated by a high degree of pre-
ventative maintenance which may be carried out during the
silent hours or during slack production periods.

The extensive installation period leaves management
to shudder this phase of operations, and management should
not be lulled into thinking their fears are unfounded, for ag|
Mr, John Diebold states:

Careful study of almost every major data -~ proces-
sing undertaking, the most successful as well as the
failures, reveals a consistent under-estimation of
the.investment in gime and in money that must precede
office automation.

The less thought, analysis and planning given during

a survey phase, the more critical and extensive will be the

problems encountered during the implementation phase. Unless

the survey has been done, then the phase of implementing auto
mation equipment will be severely handicapped by the need fon
going back over and designing a system which would be compa-

tible to the equipment. Such back-tracking and redesigning

S John Diebold, "False Starts in Office Automation",
The Management Review, July 1957, p. 81.

UNIVERSITY OF OTTAWA .. SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA .. ECOLE DES GRADUES

ORGANIZATIONAL EFFECTS 121

of procedures may be a very lengthy, involved and costly pro-
cess,

Production dislocations, retraining and relocation of
personnel displaced as a result of automation, the many variL—

ble factors to be considered in installing such as new

b

buildings, auxiliary installation and lighting equipment, al
contribute to uneasiness amongst management personnel. The

specialized nature of automation equipment may very well pre

sent further fears to management. This is like "putting all
your eggs in one basket!". The more speciallized the equipment,
the more dependent the firm becomes upon the manufacturer of
the equipment to provide good maintenance and to provide the
latest technological developments. The large variety of ma-
chines present management with further problems of deciding
which equipment is more applicable and more dependable and
which manufacturer is most apt to keep abreast of technolo --
gical developments.

It seems evident that management's responsibilities
and concern will be increased through automation. As varia-
ble clerical costs swing toward the fixed costs of capital
expenditures incurred for automation, the more will the organi-
zation become dependent upon steady production, less loss of
time through strikes, competitive advantages and less vio-
lent economic fluctuations, The firm must become more

static and must prove itself less subject to swings in the
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economy; therefore, management's responsibilities are in-
creased in ensuring and developing an organization which will

become less subject to the economic climate.

4.- SUPERVISORY STAFF

Effective Supervision

As the general level of office mechanization increase
throughout an organization, there will be need for more effec
tive and understanding supervision.

As more automation 1s introduced into office proce-
dures, the greater will be the separation of the clerical
staff from the in dividuality that has been characteristic of]
their close proximity to their work. Introduction of office
automation implies a greater emphasis on integrated procedu-
res; therefore, increased attention will be placed on the
coordination of office procedures. Clerks will be required
to work closer together as a team in a family relationship
atmosphere rather than in the manner of individual work rela-
tionships. Supervision will require good leadership and more
effective coordination of activities. Supervision will also
become more difficult in being able to assess the producti-
vity of individuals working together rather than apart on
specific individual tasks.

As office functions become more closely coordinated

because of integrated data requirements, then more precision

ected of the supervisor in scheduling workloads
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and in recommending corrective action in catering to peak
loads,

Unless a method is established for allocating work
effort, for distributing workloads, for evaluating clerical
performance and for scheduling work and predicting work requi
rements, then effective supervision will not be possible and
clerical efficiency will not be high. This problem may be
somewhat solved by a suitable work measurement program; therg
fore, the supervisory staff will be required to determine
methods for work simplification. The benefits to be gained
by delving into the scientific aspects of supervision are
evident. Some of these advantages are:

l, Individual productivity can be measured.

2. By having methods of measuring individual producti-

| vity, a base is provided for assigning tasks according

to an individual's capability.

3. A base is provided upon which to recommend rewards in
the manner of pay increases or promotions.

4, Total office productivity can be measured.

5, More saccurate scheduling of the workload can be

attained.

Capturing Data

An IDP system relies heavily upon the accuracy of
data which enters the system. Once data has been captured

in a mechanical form, very few errors occur so long as the
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data are processed in a mechanical form; however, any errors
existing in the data at the time of capturing in a mechanical

form will be perpetuated throughout the various data proces-

iy

sing stages. Therefore, there is an increasing responsibility
placed upon the supervisory staff in ensuring that a minimum
amount of errors enter the system. There must be more exacting
Fequirements as to what enters the system, and more critical
controls placed on the maintenance of a high degree of accu-
racy; so, there will be a greater need for more precise super-
vision in the area of capturing and collecting data for an

IDP system utilizing automation equipment.

Coordination

In an integrated system, each phase of data processing
is dependent upon one another in many respects: the standardit
zation of forms and pro cedures between units, the compatibi-
lity of common language media between processing stages and
the maintenance of coordinated schedules between stages in thT
processing of data, Because of this interdependency of operap
tions, there is a need for closer coordination of activities
between processing phases., This requires considerable planni?g
and supervision in the analysis of methods of processing data
and an increasing requirement for knowledge in the developing
technologies within the field of office automation. There-
fore, good supervision will require an extensive knowledge of

data processing concepts, of developing techniques within the
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field, and of a continual analysis of the system in light of
these developing technologies so as to obtain and maintain an
optimum utilization of equipments., Office supervision will
require a more enlightened and educated person than required

under less mechanized methods.

5.,- GENERAL OFFICE STAFFS

Changing Job Content

Office automation equipment will perform monotonous
and repetitive tasks more efficiently and accurately than by
manuel methods; so, there will be a tendency to reduce the
number of tasks performed by manual methods as automation is
introduced into the office. Because the simulation of office
procedures by data processing equipment requires considerable
planning and analysis, there will be a trend toward shifting
of personnel from monotonous office jobs to the more creative
work of designing and maintaining the automated system. There
will be an evident shift in the job content of clerical staff
from monotonous toward more creative work.

Because of this shift from manual operations, there
will be changes in job classifications which will generally
result in the upgrading of persomnnel. The clerical operationfs
of running and filing can be readily adapted to office auto-
mation equipment; therefore, the clerks who do the running

and filing functions will be released from their tasks and
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will more than likely become schedulers. They will be respon
sible for the collection of data that goes into the system on
a tighter schedule than required under manual processing me-
thods. They will be responsible for maintaining the accuracy
of the data that are collected. At the time, they will be
responsible for disseminating the output data from the automa
tion equipment, and ensuring that any feed-back information
is brought back into the data processing system as expeditioul
ly as possible. As schedulers, their work is more precise
and more determinant of data processing efficiency than as
runners or filing clerks,

The adoption of the management by exception principle|
will mean less correspondence of ideas between offices in the|
form of memorandum and letters. There will be less need for
typists! services. However, there will be a greater require-
ment for translating data into a form acceptable by the data
processing system. There will be a greater need for creating
common and native language media which may be digested into
the system. Therefore, typilsts will need to become more fami
liar with a greater variety of office equipment and with
methods for prepering date as input to this variety of equip-
ment. The nature of the typists! job will change from that
of knowing only one machine to that of knowing and under-
standing the operations of a variety of office equipment.

The bookkeeping function of posting transactions to
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ledgers may be easily simulated on office equipment much as
are the filing operations. Therefore, there will be less
requirement for the normal bookkeeping function of posting
transactions, and a greater requirement for auditing in res-
pect of the automatic posting and processing of operations.
The bookkeeper's responsibilities will shift from the manual

tasks of ledger posting to the more creative tasks of super-

-

vising operations and testing or sampling, much as an audito]
would, the accuracy and content of mechanical processing of
data.

The accountants will have their responsibilities
shifted from the auditing and bookkeeping aspects more into
the responsibllities of system analysts. The accountants
will be required to continually analyse the measures of pro-
cessing data, to analyze developing bottle-neck areas and to
recommend remedial action, and to keep abreast of developing
technologles so as to recommend further methods for increasipg
the level of office automation and of raising the efficlency

of processing data.

Worker's Fears

The introduction of automation poses some real fears
to the clerical staff. A clerk isprimarily concerned with
his job. 1Is he going to be displayed by automatic equipmentf
Will he be required to learn new skills? Must he move to a

new location? Will his job be down-graded? These and othen
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problems are of great concern to the clerk; however, hls basi
fear is one of the unknown.

The clerk's fear may also stem from the knowledge tha
he will become further removed from his identity to the pro-
cessing of a particular function. As more automation is intr
duced into an organization, there will be a loss of individua
lity in relating personnel to specific office operations.
Clerks will find themselves becoming a part of a team rather
than individuals in relation to their work. As a data proces
sing system becomes more automatic and integrated through
utilization of automation equipment, the work of clerical
personnel becomes more closely related to one another. More
standardization of procedures is required so that clerks will
become aware of functions performed in other offices and so
that they may quickly be swltched from one office to another
so as to cater to fluctuating peak load requirements. The
maintenance of a data processing system requires more than
ever for people to know what each other 1s doing so as to
eliminate duplication of effort and attain high processing
efficiency.

Worker's fear may also result from erroneous know-
ledge that there 1s a one for one displacement of personnel
ag a result of the introduction of automatic equipment, 1.e.
if the automatic equipment is advertised as being able to re-

place ten clerks, then ten clerks will be displaced and will

o

T
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lose their jobs. However, this one for one type of displace-
ment does not in fact result. The introduction of automation
may directly replace 10 clerks, but there are jobs created in
other functions of the organization as a result of the impro-
ved management data and in other industries that support the
automatic equipment. The industries that supply spares and
parts to the computer manufacturers, the computer manufactu-
rers themselves requiring personnel to produce the computing

and automatic equipment, and the subsidiary industries that

[£4]

spring off as a result of this new production, all supply job
where no jobs exisped before as a result of the increased
production of automatic equipment.

The worker's fears may therefore be unfounded. This
fear could be considerably dissipated by a thorough employee
educational program with respect to the implications of auto-
mation, PFurthermore, considerable advance planningndevising
means of easing the separation of displaced personnel may
prevent an indignant strike. The more time that displaced
persons have to look for new work and the greater their
severance benefits in supporting them during a period of unemf
ployment, the less disposed they will be toward fearing and
rebelling against introduction of such an innovation as

office automation.

Leisure Time

As the benefits of automation are felt through
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increased clerical productivity, there may be a reduction in
the number of hours that need be worked in accomplishing the
same amount of work. This may result in a decrease in the
numbers of personnel employed or an increase in the amount of
leisure time available.

There will be a reduction in the number of clerical
personnel employed unless these people are absorbed in more
creative work, retrained and employed in other jobs, or a
policy of working less hours is adopted so as to maintain the
level of employment., The results will probably be a combina-
tion of all three. It has been shown that as automation is
increased within an orgenization, there is a change in the
job content of individuals more toward creative work and away
from manual jobs. Experience has shown that the installation
of office automation has not resulted in any significant lay
off of personnel. Normal attrition has taken care of most of]
the personnel whose positions had been eliminated; however,
company policy in most instances stresses the fact that per-
sonnel have been re-employed on other jobs and that the cha-
racter of jobs themselves have resulted in gradual upgrading
of personnel.

Another method of sharing the benefits of increased
productivity in the form of less hours worked has in recent
years been the target of union demands. The larger unions

have gone on record as aiming toward the 30 hour week, As
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these union demands become realized, there will be further
union demands for less than a 30 hour week and the trend will
continue. Consequently, there will need to be a continuing
rise in productivity so as to offset the increasing amount o{
leisure time and still maintain or show improvement in the
standard of living. In respect of clerical workers, office
sutomation will help fill this gap.

Feelings have been stated that the more leisure time
people have, then the more their time drags and the more
likely they will become discontented with themselves, with
their families, and with their work all of which reflects in
the efficiency of their work. In order to maintain clerical
productivity, an organization may therefore have a social
obligation toward the employees in respect of this extra
leisure time.

Perhaps this problem may be attacked by encouraging
people to stay in school longer and raise their level of edut
cation, The benefits from such a program are evident. With
the increasing shift of industry from primary to secondary,
and then to tertiary industries, there is a developing requit
rement in the Canadian economy for more elaborate mechaniza-
tion of industrial processes. There is a correspondingly
increasing demand for more skilled management specialists,
Such people will require higher levels of education than was

required in the primary industries. Therefore, increasing
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the length of time that people stay in school will provide a
partial solution for the extra leisure time made available
through introducing automation, and will at the same time
provide the educational requirements for future methods and
procedure specialists.

This same effect may be attained by allowing office
workers to retire at an earlier age. As people become older,
they develop hobbies and interests which consume more of theip
idle time than would happen in earlier years; therefore, they
will want to devote more of their time toward these extra
curricula activi ties. Such time could be created by allowing
clerks to retire at an earlier age and thus release some of
the pressure of potential unemployment which could result
from increased use of office automation.

However, as more people become involved in leisure
time, then more facilities will need be provided for stimula-
ting and holding their interests in the form of recreation,
cultural and educational facilities., Leisure time without
these facilities will be meaningless and more disastrous
than ever. Therefore, governments will also have to concern
themselves with developing such facilities. It appears that
governments as well as industry have an obligation toward
office personnel as the economy experiences in creasing use

of office automation.
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SUMMARY AND CONCLUSIONS

Economics has a substantial part to play whenever a
firm is considering mechanization of its clerical processes,
Office automation involves the long term allocation of capi-
tal expenditures in seeking an optimum combination of produc-~
tive factors. It 1s concerned with the administrative procesT
ses, the character of a firm's productivity development, the
industry's expansion potential and organizational repercus-
sions; all considerations of which involve basic economic
analysis principles and therefore demand the services of a
company economist.

Because of the varied and extensive repercussions
which may result from its introduction, automation must be
approached from a what-benefits-the~system attitude. All
production factors must be considered in light of potential
benefits; therefore, an initial approach should be a compre-
hensive assessment of an organization in order to establish
the characteristics of present processes and to determine
areas of potential improvement. These areas may then be gi-
ven subsequent rigorous analysis to determine automation
feasibility.

System and application surveys are basically an econo-
mic analysis of the efficiency of present and proposed operad

ting procedures. In survey work an economist's deliberationg
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will be directed towards achieving a least cost combination
of production factors in the long term period, and is influen
ced by a knowledge of factors outside the firm such as union
demands and latest settlements, changing trade relationships,
government policies and population growth. He may build
these variables into an experimental business model and, by
projecting each, establish a pattern of possible development
characteristics from which he may assess the part that office
automation might play in a firm's growth.

Within the firm, organizational and human problems
will be of major concern to the economist. Union demands for
increased severance benefits and guaranteed annual employmenty
are changing the character of clerical costs from variable to
fixed costs of production. Firms are therefore concerned
with utilizing displaced labour resources in other positions
and must provide allowances for retraining and relocating
personnel displaced directly as the result of introducing
office automation.

As the character of production costs switch from varig
ble to fixed as a result of increasing capitalization requireg
ments and union welfare demands, then the slope of the
average costs curve will gradually decrease over the long
run. A firm is thereby influenced into lengthening the pro-
duction process and in establishing a longer forecast period,

the cumulative net result of which will be a significant
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dampening of seasonal fluctuations in business activity.
Office antomation will therefore contribute toward a more
uniform and substantial rate of economic growth. However,
the social upheavals caused by inadvertent and carelessly
planned installation of office automation may more than
offset any benefits which may accrue to a firm and may sub-
sequently adversely effect a firm's development program;
therefore, it behooves economists to study the full potentia
of mechanizling office procedures and to carefully analyze

the social and economic implications.
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ABSTRACT OF

An Economic Approach to Office Automation

Traditionally, the approach to office automation has
been a scientific approach coupled with management indiffer-
ence and reluctance to be involved in economic pre-implemen-
tation evaluation. The results are discouraged and disillu-
sioned top management personnel, inefficlent and costly
electronic computing installations and occasional revisions
to manual data processing methods. Such costly mistakes t14
up large sums of capital and resources which could have been|
productively utilized if allocated to other worthy projects;
therefore, an economic approach cannot be easily dismissed.
In the long run, it is profits in terms of dollars which
must vindlcate such a major project.

The initial approach to automation is to take a good
look at the efficiency with which the present data processiAF
organization operates. On this factual basis, an economic
appraisal can then determine potential areas or applicationgd
for mechanization and other areas in which overmechanization
may exist. Simultaneously, other methods for increasing
clerical efficiency, and thus data processing and organiza-
tional efficiency, can be delineated. This approach is

taken through what is commonly called the system survey.
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A more discerning and asnalytical evaluation must be
taken of potential automation applications than time war-
rants during the system survey. This analysis, the applica-
tion study, 1s carried out subsequent to the system survey
and is done on pre-selected areas in order of required ur-
gency. Other potential applications may of course be pre-
sented at any time and may be given priority by management.
The phasing of and responsibilities for system analysis and
application assessment are so inextricably similar that par-
ticipants in these studies will 1n most cases be the same
individuals.

Overshadowing the basic long term accounting consi-
derations are the social and economic aspects of organiza-
tional changes and economic repercussions. The nature of a
firm's organizational structure may be so radically altered
as to offset any implementation benefits and preclude ins-
talling any office automation. The considerations for
implementing office automation equipment are so entangled
with a firm's economic potential as to demand discerning
and continuous management analysis as performed by a group
of specielists economic advisors. An approach to office
automation must therefore, by necessity, basically be an

economic approach.
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