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In spi'te of current technological. advances -*n office

automation technology lite rdutviygan hv be

sale in the office enviroaaent. Soic possible reasons for

this are; lack of supervision, little or i-mprope-r trai-ning,

disregard foc the human factor in. ejuipment and workdsg

and lack of clear orgaanizational goals wi-_th regard to-:

pro)ducti-vity gains. The :)arpose of thi';s study is to explore

the producti!Vity aspect of word pr:oce=ssing. &a examin ation

of selected productivity studies is orsesented with a look a,-

the costs and benefits issoci-atei .with the use of wori

processiLng equipment versus conventional electric type-

witers. A mitinof the szie=nce- of ercgonomics ~

presented as it deals wi'th the physical and mantal aspects

of word processing equipment and its affects on the wori

processirg squi.pment cparator. The results of a survey of

word procassing equipment operators attitudes toward their

job at the Naval Postgraduate Scho~l are presented along

with ccrnclusions and recoamenlation3 concerning -he imple-

mentaticn of a humane and :)roductiva systam.
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As the cost of managerial and secretarial time has

continued to increase, thea importance of office automation

and increased productivity among the office staff has risen

drastically. Unfortunat e 4, as Rhie don (Ref. 1], points
out, the productivity growth in the United States has conti-

nually failed to keep pace with that of other nations, 1 e

Japan which have shown higher gains for years. Fact, y

productivity has realized some gains, thanks zainly to

computerized systems, how ever, office productivity,

comparison, has improved very little. The technology -

equipment for major improvements in office productivity is

available, however the gains are aot always being realized.

Several reasons are citel fcr this shortcomiag including

lack of managerial support for new office systems, fear on

the part of office workers of being replaced by machines,

and the initial capital outlay for new systems.

This problem is not limited to the private sector and is

found in organizations both large and small. The Naval

Postgraduate School is no different. At the present time

there are several different word processing systems avai-

lable, and they all serve to increase productivity to some

extent, however increased improvements are available. The
situation is not all bad owever. As crganizations become

mcre educated in the capabilities of word processing systems

and the increased productivity they offer, more companies

are purchasing systems. A Datapro Research Corporation

report in 1977, [Ref. 2], estimated that the word processing

market was over $500 million and increasing daily. The

annual production rate was over 50,000 units, dith an esti-
mated 300,000 to 400,003 units i-stalled. The Federal

'. 13



government alone is estimated to spend about $100 million

per year for the leasing and purzhase of automated typing

equ i pment.

It is not the purpose of this paper to recommend

specific office systems, but instead to provide background
into the word processing area, review current systems at the

Naval Postgraduate School, and emphasize those ittributes in
system which the operators find most beneficial in the

performance of their work.

1. ADVANTAGES OF WORD PROCESSING

When a number of zlerical workers at the Naval

Postgraduate School were asked to describe their respective
word processing systems, the majority responded, "I could

not perform my job without it." Onc operators are familiar

with a system and adequately trained in its use, most would

agree with the above stitement. rhese personnel realize
that they are no longer secretaries, but have become systems

operators of computerized word processors. rhey are the
* critical interface between their office and a system which

offers the organization increases ia efficiency and produc-

tivity. In addition to these benefits, Datapro [Ref. 3],

explains that WP systems offer: (1) improved secretarial

support for all levels of management and/or word origina-

tors; (2) reduction in the amount of proof reading and

retyping required in the preparation of numerous documents;
(3) higher utilization of installed office machines; (4)
higher quality typed outpit resulting from the utilization

of advanced WP equipment; and (5) improved career opportuni-

ties for secretarial and clerical workers.

These are by no means all the benefits resulting from

the correct implementation and use of WP systems. The
entire list is quite extensive. As a direct result of these

i 11
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benefits, however, it has generally been found that consid-

erable savings are possi3le. The initial cost may be

substantial, however, increased productivity and the move-

ment of personnel into other positions, results in an

overall savings to the organization.

B. HISTORY OF WORD PROCESSING

The earliest form of WP was first utilized with the

discovery of the stylus and a tablet which allowed man to

record information. WP progressed with the invention of the

pen, the printing press and eventually the typewriter. The

modern concept of word prDcessing, however, was actually

developed in the 1960's. hs Whithead [Ref. 4], reveals, the

actual term 'word processing' was originally used by IBM

Deutschland to describe the corporation's new line of self-

correcting typewriters. The German word,
r 'Textverarbeitung', was quickly translated by the English

speaking branches of IBM into word processing. Once IBM

moved into the development and production of typewriters and

other office equipment, it was inevitable that their

computer technology would appear in the equipment in the
form of increased efficiency and productivity. in his

article on the development of word processing systems

Whitehead [Ref. 5], explains how the introduction of the IBM
Selectric 'golf-ball' typewriter, in 1961, revolutionized

the entire concept of typing. o3na was the old moving

carriage, and in its place was a single print element which

.. not only allowed operators the choice of several typefaces

)r founts, but also improved the print quality.

The next major breakthrough in word processing ocurred

in 1964, with the introduction of a machine that captured

keystrokes and recorded them on magnetic tape. Kleinschrod

[Ref. 6], puts forward the claim that the Magnetic Tape

12
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Selectric Typewriter, or MT/ST was the machine that gave

birth to modern word processing is it is known -:cday.

Although the machine is now cloe'* to 23 years old, many are

still in use. Five years after the introduction of the

MPT/ST, IBM introduced the lag Card Selectric Typewriter, or

C/ST, which utilized a magnetic card as the storage medium.

These systems are found throughout the military. Three are

in use at the Naval Postgraduate School. According to a

Datapro Research Corporation report on word processors

[ef. 7]. the introduction of the MC/ST marked the beginning

of competition in the word processing area and a new

industry was born. As of 1981, over 50 firms were directly

involved in the marketing of word processing equipment, and

more are entering the marketplace every month.

C. WORD PROCESSING VS DI&I PROCESSING

In order to fully inderstand the concept of word

processing and office automation, one lust realize that word

processing and data processing are not one in the same.

There are as many definitions for word processing as therq

are systems available on the market today, however, for the

purpose of this study the definition as provided by Thomas

[Ref. 8], will suffice. Word processing is "the efficient

and effective production of writte1 communications at the

lowest possible cost throigh the combined use of systems

management procedures, tatomated technology, and accom-

plished personnel" [Ref. 9]. In contrast, the definition of

data processing or electronic data processing (EDP), as it

is often called, is provided by Hussain (Ref. 10], as the

4| execution of a systematic sequence of operations performed

upon data.

13



There are many differences between WP and DP, and

Balderston [Ref. 11], provides several as outliaed below:

W.OD 2 "5ING DATA PROCESSING

1. Users have strong 1. Limited interaction

interaction by users

2. Frequent iterations 2. Very few iterations

with user

3. Key to good VP is the 3. Key to good DP is

operator the program

4. Users close to operation 4. Users removed fzom

3peration

5. Manipulation of lines/text 5. Manipulation of data

and words (number computation)

In word processing human factors have proven to be

much more important than technological ones. The most-

productive system on the arket is only as good as its oper-

ator. If a person lacks the motivation, knowledge, or

experience required to opecate the system, then the organi-

zation has purchased little more than a very expensiv.

- typewriter. In a study zonducted by the rzy's Adjutant

General Center of [Ref. 12], word processing, a constant

theme was that less thin 15% of the success oc failure of

any new word processing system is directly attributable to

the machines. Greater than 85% of the systems success

depends on the quality of the operators and establishel

pro cedures.

As outlined above, data processing is quite.

different. The data is entered into the system, and the

program takes control until a report is gnerated.e=gnrtd

i1i
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KManipulation of -the lati is seldom required. A word
processing operator spends the majority of his or hq:z tims

accomplishing the editing function. The syste3 involved is

essentially an electronic way to manipulate the text easily

and quickly. As shown in Figure 1-1 (Ref. 131, this manipu-
lation must often be repeated several times until the

desired output is obtained.

The Word Processing System

ORIUBAL INPUT OR lACK FOR CORECTIONS

ITHE WORD ORISINATOR TYPING 1COPYING)

0 IS 0 "Reguar" electrics or

* ~ 0 Autamet fropefit's. letter)
* Mad miis diinimi- ffeds

Cartid% de o belt- *bolo Mochwko text editing

Co Um0 Powg * mut-tto systania
Tint W 0I_ Shored logae

individal Timr* llhoracl
Cam~el eivems -. vd'ma-a MoI cn

* AILED. FILED. HAND

DELIVERED
* CONIED. DUPICATED.

DISTIUTED
* TEL ECONNUNI-BAKFREVW

CA TED

Figure 1.1 The Word Processing System.

D. CATEGORIES OP WORD PROCESSING EQUIPMENT

At present, there are more word processors :)a the market

thin a person would care to count, however all worl
processing equipment may be dividl into four categories

15
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[Ref. i4. These categories are 1) stantLee hardcopy

equipment, 2) standalone lisplay equipment, 3) shared logic

equipment, and 4) time-shared services.

.. %,:M1. 11=22Y1. UeZ _ u It

This category woull include the majority of the less

sophisticated, less expensive systems, such as electroni-7

typewriters, which do not include video displays. According

to a 1981 Ditapro report on word processing systems

[Ref. 15], these systems fall in the $4000 to $10,000 price

range. Electronic typewriters feature small buffer memories

for minimal text storage and are intended for the tradi-

tional office environment. Also in-luded in this area are

larger standalone mechani-al systems which =onsist of a

keyboard that has internal memory and is coupled to an auxi-

liary memory media such as magnetic card, diskette, or

floppy disk. In general, these systems are best suited for

page oriented tasks such as letter and memo writing.

:- ~2. standaql2M p_&2aiy VP F.uiat

As Kelly, [Ref. 15], and other authors point out,

the jump to the largest class of word processing equipment

is a large one. These systems genarally consist of a visual

display unit (VDU) which may display a single line or an

entire page, keyboard, processing unit and some form of

letter quality printer. Their internal or buffer memory

systems provide these units with the capability of holding
in excess of a display page of text. These systems are

usually found in the $10,300 to $20,000 price range, and

include systems such as the Lanier, iodel LTE-1, which is in

use at the Naval Postgraduate School. The more sophisti-

cated systems in this category are able to communicate,
perform data processing, and a wide range of text correction

and editing. In addition, optional peripherals, such as

16
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Optical Character Readers (OCRI and higher speed pr 4 -s

are available.

3. ae olMsztae

In a s!ared logic system, as Kelly (Ref. 171,

explains several screens or workstations, each possibly

housing memory, are interfaced to a processor of substantial

capacity and power, in order to share facilities and

resources. When this concept was first introduced, the

major drawback was the possibility of system failure. If
the entire system went down, all work stations and terminals

would be unusable. This problem has been solved with the

introduction of cluster configurations where a smaller

number of terminals are connected together. In this manner,

system failures are not so catastrophic. The shared logiz

approach to word processing has become increasingly popular

in recent years. The state capital in Pierre, South Dakota,

utilized a shared logic system, as shown in Figure 1-2

(Ref. 18], to conaect seven buildings which were all highly

paper intensive and inforaition dependent on each other.

The end result of the new system was an increase in
* employee efficiency and productivity and a major improvement

in communications between the various state agencies and the

public. In the transportLtion department alone, throughput

and productivity more tham doubled over the gains realized

under the old magnetic tape system.

Many organizations find themselves in situations

similar to that which existed in the State of South Dakota.

The size of the organization dictates the requirement for

several buildings, and personnel in these buildings must

communicate. In addition, large companies often own several

different and incompatible VP systess. At one time, the

cost and difficulties encountered prohibited the electronic

interconnection of these systems. This is no longer the

17
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Figure 1.2 State of Soath Dakotals Electronic Network.

case. Advances in technology hava made it practical to

network these systems together, providing advantages such as

those discussed by Liebowitz (Ref. 19],

(1) Single terminals are able to access multiple computers,
which results in more -omput ng power in the hands ot the
operator.

Terminals that were 3riainaily jaigned o. coqmunicate
U& one type of computer, are no9 -ble to work ith
different manufacturer's computers.

13 H9tliple computers cin be controlled from a centralized

(1ack-u computers may be sitate in varioas locaticns
wncn decreases t he chance of a disister des-roying
redundant systems.

" 18



(5) Information from one word procassor may be transferred
at a high speed to another system with no manual
intervention.

In summary, the local network provides the capa-

bility to build highly effective, productive word processingt

systems, utilizing equipment from different manufacturers.

4. Time hae _ 2111s

Many companies that seldom require the services of a

word processor, or are unable to afford their own system,

find that time shared services provide a feasible solution

to their WP requirements. ThE only investment required is

the rental or purchase of an appropriate terminal. Once a

communicating wcrd processor is a.-guired, the user has

access to the word processing power of a remote computer

system via the telephone network. Sophisticated WP func-

tions are provided by the time-shared service vendor at a

molest cost. Other services that are often available to

time-shared customers are the access to large commercial

databases, off-line storage of infrequently used informa-

tion, and an interface to sailgram or telegram services.

E. PURPOSE OF STUDY

It is not the purpose of this study to recommend any

specific word processing systems for use at the Postgraduate

School, or to provide a detailed cost-benefit analysis of

current systems. What is presented is background informa-

tion in the WP area and a discussion of the different

categories of wcrd processing equipment. The study also

reviews the present status of word processing at NPS. In

addition, the study will explore the productivity increases

realized from WP systems, discuss the operator satisfaction

level here at the Naval Postgraduate School, r eview the

science of ergonomics as it relates to word processors, and

19
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review characteristics of word processing systems that the

operators at NPS find extremely useful. Finally, system

implementation considerations will be presented. The meth-

odology of the study will -onsist of two parts; 1) a survey

of NPS operators, and 2) literature research.

1. !O-292UD lua

A major portion of the inforzation in this study was

derived from a word proz-ssing questionaire, included as

Appendix A, which was distributed to approximately 50
government service employees (GS) at the Postgraduate

School. The majority of respondents had direct access to

one or more of the WP systems currently in use at the

school. In addition, opt3ratcrs whose access was limited toI electric typewriters, were polled in order to provide them

Sthe opportunity to present characteristics of WP systems

- which would increase their productivity. The survey itself,

Appendix A, consists of three parts. The first portion

explores operator background information such as education

K level and time of employment. The second part studies the

present level of operator satisfaction, and the final area

of the survey, asks the cespondeants to provide information

concerning the nature of their work, their exposure to WP
systems, and those system characteristics which they believe

to be the most beneficial or detrimental to their work.

2. L qile ja--h

in addition to the sarvey, a detailed literature

- search was conducted in order to obtain background and

historical information concerning word processing systems.

Since a detailed productivity study of each individual oper-

ator at MPS is not included in this study, literature

research provided valuable information in the area of
measuring operator productivity and the increases available

20



through the utilization of VP systems. M1aterial covered in

this research included textbooks, paciodicals, professional

papers and reports, and both governmental &ad civilian

studies into the WP area.

21



II. VORD FR05Z12UIG ANDj PRODUCTIVIZY

A. INTRODUCTION

When. business hi-storii!Lns look back at the 1970's one

development will certainly be singled out as critical in

charging the ways that offices are ran, -this development of

*course is worl processirg. Word processing will' alsc be

credited with having a profound impazt on the ways that top

managers wiil subsequently regard all office a-ctivities.

Word processing has been, is, and preemninently will be a

system for upgrading productivity, cutting office overhead,

and improving managements ability to do its job much more

effectively.

* As we have already seem VP makes use of automated equip-

ment for typing, text editi'*ng and dictation. Some of it is

highly sophisticated and people need training in its use. it

requires supervision, often in aras like *he secretarial

j

function where little or no professional supervision had

existed before. it requires degrees of control and measure-

merit to maxim I z its returns. In this chapter thec

productivity aspect of w~ord processing equipment will be

con si~de red.

B. WORD PROCESSING PRODUCTivi _ MEASUREMENT

Productivity may be sfined as the output of goods and

serv ices produced by a giver. input of human and other

resources. It ay be misure ina terms of the ratio of

output to input.

Output

Productivity

* Input

22
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The productivity concept has bee- applied extensively in

manufacturing industries, where the output and input factors

are generally quantifiable. These factors are normallly

expressed in dollars and hours, or the equivalent. The

output per man-hour statistic compiled by the Bureau of

Labor Statistics is probibly the best known example of a

productivity index. This index is calculated by dividing

constant dollar gross national pcoduct by labor hours

employed in the private sec-tor of the economy. Attempts have

been made to apply the productivity concepts developed for

manufacturing industries to the service sector of the

economy. The service sector includes businesses and institu-

tions concernel with government operations, health, finance,

education and personal services. rhe results generally have

not been adequate. A major difficulty is in quantifying the

value of the output term -- the goods, services and products

produced and word processing output has not been immune to
this problem.

Hanes (Ref. 20], reports that there are five genk.r-

ally recognized approaches to produztivity improvement. Of

course, productivity programs typically include elements

from more than one approabh.

3- 2f o human ef21_1~: This

approach has been responsible for major increases in produc-

tivity levels during the last 30 years in all sectors of the

economy. It has been successful because technological devel-

opents have resulted in equipment availability, capital has

been available to acquire and instill the equipient, and thq

work force has generally accepted the chaange.

2. DAI=-r AizI1 2tj h__ulaU resources: rhis approach

has received m uch atteation throughout the years. It

involves achieving a higher level of output with an existing
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work force. Many techniques have been developed and applied

in attempts to realize higher productivity through this

approach. Examples include the threat approach (produce more

or be terminated), pay and incentive systems, worker andK. supervisory training programs, and human resource manage-

met. A technique receiving current attention is worker

participation, such as through quality circle programs.

Theory Z has emerged as a manageant style empasizing

participation as a vehicle to achieve better utilization of

human resources.
1. Ii,,_! work methols and ails: Some managers and

productivity specialists would argue that this approach has

accounted for the second largest increase in productivity in

the last 30 years, exceeded only by substitution of equip-

meat for human effort. Et involves application of such

tezhniques as facility arrangement,' task analysis and job

design to provide an efficient flow of work and efficient

worker job performance. 7he approach has been successful in

improving productivity because human factors and engineering

disciplines have developel the techaigues, management has

installed the techniques, and the oork force has generally

accepted the changes.

1_. 4222-12-D 2f IU_ LIRstems to accomodate users: This

approach involves designing equipment and its enviroment

taking into account the physical and mental capabilities and

limitations of the people involved with the system. For

example, the design of a computer terminal for extended data

entry should take into iccount the size of the expected

users, the characteristics of the visual display to minimize

eye fatigue, and the operating functions that should be

automated or manual. The human factors discipline has

developed knowledge and t-chniques upon which this approach

is based. The approach has been appl'ed during the last 30

years, but can be expected to become more important with
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increased utilization of new techaology in offices and

factories of the future. H. man factors as it relates 1o word

processing will be further examined in a later chapter.

5. Removal of npoduci eu labor and oraniza-

tinl urtices: This approach is often controversial and

difficult to implement. £t involves removing or modifying

practices that inhibit or detract from productivity and that

are no longer needed. The practices may be based on govern-

ment regulation, labor agreements, or organizational

policies.

Approaches 1, Substitution of equipment of effort

for human effort; 3, Improved work setods and aids; and 4,

Improved design of systeas to accoaodate users; are the

typical methods of improving office productivity and in

particular, word processing productivity. A case can be made

for method 2, better utilization of human resources, however

this method of improving office productivity has most surely

been tried before the advent of word processing systems.

Productivity has become headline news. Leaders from

business and government have unanimously deplored the poor

performance of the United States in productivity improvement

in the last decade. However, reading between the lines, it

is clear that many of these leaders are not exactly sure

what they are deploring. Productivity is a widely misunder-

stood concept. It is related to virtually every business

and economic principle in one way or another, but most of

the standard solutions of these disciplines do not directly

address productivity.

In t4.e 25 years after World War II, productivity of

the United States' private economy increased at an average

rate of 3.2 percent per year. In the last ten years, that

rate has been cut to about 1.3 percent per year. In 1978

productivity iuproved only 0.5 peccnt over 1977. In the.

first three quarters of 1979, productivity actually

25
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declined. The performance varies from industry to industry.

Some industries showed substantially higher improvements in

productivity, and other industcies showed declines

*- throughout the period. Chemical and chemical-related indus-

tries have tended to perform quite a bit better than

* average, but that does not change the the general statement

on the inadequate perforsance in the American economy as a

whole. Though the United States is last in its rate of

productivity growth among large industrialized nations, the

United States is still first among these nations in level of

productivity, but the other industrial countries are rapidly

catching up. The Americas Productivity Center of Houston

Texas projects that several leading industrial countries

will pass the United States in level of :oductivity between

1985 and 1990 if we do not improve oar r rformance over that

presently projected.

Martin [Ref. 21], notes that more than half of the

working force inadvanced zountries work in offices and that

in the United States the capital expenditure per white

collar worker is less thin $3,003 while that of the farm

worker is about $35,000 and that of the typical blue collar

worker is about $25,000. It is now the time f3r increasing

expenditures in office iatomation to realize the produc-

tivity gains made in other areas of the economy howevgr with

these attempts at increasing the productivity of the office

come the difficulties of measuring these anticipated gains.

2. Measui ord _s rductivi

Poppel (Ref. 22], in a mock retrospective view of

the 1980s, observes "... all organizations benefitted from

improved productivity in o) fices. This came from widespread

installation of multipurpose, interactive, EDP-assisted

workstations that speed completion of clerical and adminis-

trative tasks." However, measuring productivity so that
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improvements can be honestly documented is not a simple

matter. Where jobs are changed by office automation,

expected output will also change, and any improvement or

drop in staff productivity may be impossible to quantify.

Mason (Ref. 23], describes three scoarate levels of produc-

tivity measures relating to word processing, these are: the

technological level, semantic level and pragmatic level.

At the technological level output is measured in

terms of characters per second, word3 per minute, lines per

minute, documents per day, and letters per day. A technical

measure involves the number of units of information

processed. At this level it is very easy to produce

misleading statistics about productivity improvements.

Installing a word processing centlr may increase typed

output from every typist, apparently increasing their effi-

ciency, but may not improve the productivity of any

managers, who now must send all their typing to the central

facility instead of handing it to their secretary in the

office next-door.

In measuring productivity at the semantic level oni

is concerned not just with the number of characters or the

number of symbols processel, but rather with the number of

units of meaning processed. How many actual exchanges of

ideas took place. This is a far more difficult thing to

measure: but, it is clear that such measures as characters

per second are not very effective at this level. For

example, two different people may wite what is essentially

the same letter. One may be very verbose and wordy, and go

on for several pages to express his idea. The other one may

-* take only a paragraph to say the same thing. The secretary

who types the first persons letter may have a much higher

performance and productivity rating in terms of characters

and words and letters per unit time; but the secretary who

* types the second persons letter will actually be much more
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effective as a total system. auantifying this type of

productivity is extremely lifficult.

Mason's final level of productivity measure, the

pragmatic level cr the leval of influence and effectiveness

is concerned with how much change took place in thetotal

performance of the organization as i result of the activi-

ties performed by a fnction. This leads one to ask

questions like, "Is this i more profitable organization or

is it a more innoavative organization as a result of the

implementation of advanced office practices and concepts?"

From a practical standpoint this involves monitoring the

profitability of the entire organization and assessing what

proportion of a profitability change can be attributed to

office automation technijues in order to determine its

effect.

Bair (Ref. 24], has proposed a model frcm which the

effect of office automation and word processing in parti-

cular can be assessed, based on the observation of

"or ganizational variables". By considering a variety of

these variables the model can operate at four levels similar

to Mason's:

-- Equ4pment performance - includes only the
capabilities of the equipment

-- Throughput performance - depends also on
operator performance

-- Organizatioanl performance - measures the
acceptability of the end product

-- Institutional performamce - the overall
success of the company.

Bair's model not only assesses productivity improvements,

but indicates the benefit areas and the areas which have not

been helped by automation.

28

I-&



Few thorough, comprehensive and detailed word

processing studies were found in the literature. Many of

those that are available are of a pcomotional nature that

are distributed by the equipment manufacturers. rhese either

compare their system with their competitors or simply

expound upon the productivity increases that managers want

to hear about with little or no factual data to back up

their claims. Baily [Ref. 25]., notes that when word

processing equipment was first introduced industrial engi-

neers had not yet deve loped tezhniques for measurinq

productivity in offices, however WP salesmen were determined

to show the office manigpr that word processing equipment

would increase office productivity. In the early days they

quoted time-and-motion studies that proved word processing

equipment was many times more effective at increasing office

productivity than zonventional typewriters. These "studies"

were usually, based on an armchair analysis of how much keys-

troking could be accomplished per worker. This fact didn't

deter the salesman from e3xtrapolat'ng to claims of mor .

productive offices and many systems were bought and sold

only on the belief and claims of the salesman that worl

processing would be a cost effective means of improving

office productivity.

Cost - benefit studies have shown that word

processing equipment is a viable alternative to manual
typwriting systems [Ref. 25], -and the opposite case has been

shown also (Ref. 27]. A standard electric typewriter or

correcting electric typewriter can be purchased for about

$800, while more sophisticated equipment can range from

about $5000 to over $15,00 or 10 to 20 times as expensive

as convential and correctiag electriz typewriters. Standard

and correcting typewriters are often purchased, however the

4.
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rapid changes occuring in automatic typewriter technology

make rental a more viable alternative than purchase. Thus,

the difference in the equipment cost of conventional and

automatic typewriters is often much higher than 1:10 or 1:20

and more in the range of 1:20 and 1:30. Word processing

*equipment is often marketed on the basis that their increase

in cost in comparison to conventional typewriters is offset

by dramatically increased typing productivity. many manufac-

turers and propcnents of word processing attest to this

increase in productivity while often ignoring a thorough

cost-benefit study of the proposed system versus the

expected productivity gains. Oman [Ref. 28], did such a

study where he compared a sampling of 61 word processing

systems and 85 ccnventionl typewriters, he found that the

* productivity increase with the use of word processing equip-

ment is small (10 to 15 oercent) and is not sufficient to

offset the higher costs of automated typing equipment. Few

articles in the office literature critically examine the

costs and benefits of automatic versus conventional electric

typewriters, nor document typing productivity decreases or

.-ncreases due to automatic typewrit_rs. Simpson and Swett

(Ref. 29], found typing productivity to be reduced or only

slightly increased with the substitution of automatic for

conventional electric typewriters. Simpson in a work

sampling of 56 work stations, nine of which were mag card

typewriters, concludes that typing production on the auto-

matic equipment was less than non-automated equipment. Swett

notes that automatic typewriters are sometimes slower than

conventional electrics depending on how they are used, and

that even when automatic typewriters are faster, the differ-

ence in typewriter productivity is not dramatiz, except in

the case of multiple copy zaterial.

30

K ..• : .; " ? ". '. .: _ _. _ . ... .. ..



Ir
In Omans study of the 85 conventional electric type-

writers, Table I, 46 were correcti2; electrics and 39 were

standard electrics. Of the 61 automatic typewriters in the

survey 36 used a magnetic or paper tape storage media

without internal memory units or dual stations, and which

provided little text editing capability. The remaining 25

automatic typewriters hal a text editing ability and

external memory. The automatic typewriters were not recently

installed and had been in the offices for several years. Nor

were most of the operators new or untrained.

In measuring the output of the typists at their

workstations Omans study team collected copies of everything

that was typed at each of the 146 stations over a 12 day

period. Each typist noted the amount of time spent on each

task and recorded this time on a job record sheet that was

collected with the copies of the typed material. In view of

the fact that one typist might time themself more accurately

than another the study team assumed that errors in timing

were randomly distributed among the conventional and auto-

matic typewriters. They further assumed that typing skills

were evenly distributed between the two groups, that is the

operators of the automatic equipment were not poorer typists

on the average than those who used the conventional equip-

meat. To obtain a measure of productivity the team counted

the number of lines typed and divid.d by the amount of time

required to complete the job and arrived at the number of

Lines Typed/Hour. Both a mean and a zedian were computed for

both groups. The difference betwsen the average (mean)

Number of Lines Typed/Hour on ths automatic typewriters and

the conventional electrics was 19.5 lines per hour. The

automatic typewriters as a group were about 13.4% faster

than the conventional electrics using the means for compar-

ison. Using the median as a point of comparison, the

automatic typewriters were on the average 12.2% faster than

the conventional electric3.
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f ABLE I

Comparison of Conventional and Automatic Equipment

Lines Typed Per Hqur
Mean Median

Conventional Electric
•fypewriters (N=85) 145.4 135.0

Autorn2t.c Typewriters1615.1N=611 164. 9 151.4g

Percent 14creafe in
Productivity ith
Automatic Typewriters +13.4% +12.2.%

Oman found that the Labor Cost Per Page was slightly

lower for the automatic typewriters than for the conven-

tianal electrics, Table II. For the parpose of making a cost

comparison the same labor rate was used for all typing

rABLE II

Labor Cost Per Page Comparison

Labor Cost Per gge
Mean Median

Conventional Ele ctric

rypewriters $.90 S.97

Automatic Typewriters .79 .86

Percent Decrease in Labor
Cost Pi.; Page with
Autoat-_c Typewriters -12.20 -11.3%

stations, that is $5.23 per hour. The difference in Labor

Cost Per Page reflects the differentc in productivity of the
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two sets of machines misurad ia Lines Typed Per Hcur.

Because the productivity of the automatic typewriters was

somewhat higher than that of the conventional electrics, the

Labor Cost Per Line ryped was less for the automatics.

Proponents of word processing have continually boasted that

the increased productivity and the resulting decrease in

labor cost is of sufficient magnitude to offset the

increased word processing equipment costs. The relationship

between Labor :ost Per Page and the kind of typewriter was

also examined by ranking all of the 146 typewriter stations

(automatics and conventionals) from high to low by Labor

Cost Per Page and computiag a median. This count resulted in

the following data: Percent of automatic typewriters above

the median cost 46; below the median cost 54. Percent of

conventional typewriters ibove the median cost 53; below the

median cost 47.

Typing production per unit time is an important

parameter in determining the total cost per typed page

because labor cost is usually the largest item in the total

cost of typing production. Oman reports for example, that

the daily equipment cost of a conventional typewriter

costing S700 and amortizsl over 12 years is less than $25

per day while the daily cost per day of sophisticated word

processing equipment varies from $7 to $15 per day.

The Total Cost Per Page, rable III, is composed of
labor cost per page and equipsent cost per page. An ilus-

tration of the method of computing tDtal cost per page is as

follows: assuming one page is typed per day on a conven-

tional electric typewriter and the page takes 15 minutes to

type, and assuming the typists pay rate is $5.00 per hour.

It is important to note that as ths number of pages typed

per day increases, the equipment cost per page decreases.

The effect is particularly dramatic in the case of more

sophisticated word processing equipment with their higher

33
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equipment costs. Thus the arguement must be male that t- in

crease the cost-effectiveness of word processing equipment

.it should be utilized to the maximum extent as possible and

-&BLE III

Total Cost Per Typea Page (labor + equipment)

Total Cost Per Page
Mean Median

Conventignal Electric

typewriters $1.00 $1.02

Automatic Typewriters $2.49 $1.65

Percent Increase in Total
~*Cost Per Page with

Automatic Typewriters +149% +62.6%

for large applications. iman concludes that the substitu-

tion of much more costly automatic typewriters for

conventional typewriters is often justified on the assertion

of dramatically increased typing productivity for automation

however that on the average the cost of producing a typed

page was much more on automatic than on manual typewriters.

The National Archives and Records Service (NARS)

• conducted a search for data regarding productivity and word

processing equipment in 1980 this ?ffort revealed that no

valid productivity data ecisted. They then initiated the

Keyboard Productivity Research Project to compare the

performance of typists on conventional electric typewriters

with the same performance on word processing equipment in

* the production of narrative textual material. The equipment

used consisted of: conventional electric typewriters; self-

correcting electric typewriters; memory typewriters;

stand-alone video-display word processors; and shared-logic

word processors. Each group of equipment was used by at
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least 30 participants (all were volunteers) except the

shared-lcgic word processors which are less widely acces-

sible in Federal Agencies. The material that was typed

consisted of pretyped copy and the same copy with hand-

written charges (all in the same writing). The material

consisted of five pages of double spaced narrative on

general interest topics. NARS personnel timed each of the

participants while typing their copy and proofread their

finished product. A copy of the study is enclosed as

Appendix B. The NARS research revealed that for original

typing, self-correcting electric typewriters outproduced all

other groups of equipment. For typing with changes or revi-

sions, the most significant produ:t-vity increases occur

when stand-alone, video-lisplay word processors were used.

Thier results also indicated that word processing equipment

does not reduce error rites for first time (original)
typing. Original material produced on WPE had as many or

: more errors than the same material produced on self-

correcting'electric typewriters. RARS primary conclusion

was that as the percent of changed lines increases, WPE

productivity decreases to (and beyond) a point where it is

less costly to retype a page on a self-correcting electric

typewriter than to revise it on WPE.
Word processing systems typically cost anywhere from

a few thousand to $25,000. Obviously before management

commits itself to this type of an expenditure it will

require a comprehensive evaluation of the administrative

organization and workload levels. An adequate return on

investment can only be achieved through a substantial

inarease in high quality output or a decrease in the costs

of the work involved. Azport (Ref. 30], notes that the use

of these systems can bring about savings in two general

areas, two general areas. The first is at the input end.

Authors can increase their productivity since with faster
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typewriten feedback they can see their material in format

and can rethink their ideas while thoughts are fresh in

mind. The second savings area is at the output end; less

clerical staff will be needed to handle the workload. Amport

states that it is possible to reduce staff levels up to 30%

even at capacity output. rhe results of his work are shown

rABLE IV

Word Processing Productivity Relationships

Ele ctric memory
typewriter card/ Viae
(manuall cassette display-
operatedr typewriter printer

Primary work
(up to 10 correction) 1.0 1.2 1.6

-- Revision work
(up to 25% change) 1.0 1.5 3.0

in Table IV The ratios mean that an average typist typing

original material (with up to 10% corrections) will prcduce

about 1.6 time the amount of useful work with a video based

word processing system than with an ordinary typewriter.

With revision work, useful output will average at least

three times as much (some of this includes the higher speed

of the printer as compared to the manually operated type-

writer). The ratios concerning revision work can be.

interpreted in the same maaner also. Amport's results are

consistent with those of the N&RS study in that word

processing equipment is much more pcoductive where numerous

revisions are made.
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in practice word processing systems savings come

from producing work that wts not done in the first place, or

is now done in another way, such as three rough drafts under
the new system versus one under the old system. This

increased work is typically called "phantom work" anl

consists of work that is not now done or which cannot be

done because the system is incapable of doing it. Thus total

document output will increase with the installation of wor

processing equipment. This phenomenon generaly makes its

presence known after the installation of WPE and can quickly

ruin the effectiveness of the system.

Many people blindly believe that anything nsw must

be better and wcrd processing equipment is no exception.

They do not take the tine to make a critical analysis of
their needs and objectives and feel that word processing

must be for them without fully realizing where these

sophisticated typewriters will best fit into their organiza-

tion. Word processing equipment is best suited for

repetitive production of lLrge quantities of material where

the possibility of numerous revisions exists. These are the

strong points of word processing eqaipment and those people

who remember this in imple menting a system will undoubtedly

* be successful in their experience with it.

$.
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III. ILUAH ZX 9 PTO O ERABIO1 2F WORD PROCESSING

A. BACKGROUND

In looking at the benefits of word processing we must

also concern ourselves with the human element and the toll

that the operators pay in asing the squipuent. what factors

influence the word processing operator's satisfaction? The

number of office workers is growing at a phenomena! rate,

Maskovsky (Ref. 31], reports that in the 1980's over 70

percent of the working population will work in an office

environment. Human as well as electronic administrative

support is required to supply the needs of those at work in

the office. Applying word processing technology to the

office is an undertaking that will affect the whole fabric

of the organization. It is therefoce essential to formally

integrate human factors into the development of office auto-

mation projects. While few people will argue with this idea,

comprehensive human factors have rarely been employed in

office automation projec's. Maskovsky believes that there

are reasons for this failare:

-- Management nd systems builders lo not understand the
disciplines cf human factors or behavioral sciences.

-- Lanaqement and systeml biilders think that they
unde stand these discip1nes, usually confusing hea
with much narrower human engineering concepts.

-- Appr9priate human factors appr.aches lemand a
comm:ttment cf resources and tiae which manaqement is
reluctant to grant because they 10L t understand them.

[itchel (Ref. 321, reports that monoto..,y, overspecializa-

tior, and, as a result, dissatisfaction arz r-ftan evident in

companies which have implemented word prcce.3sing systems.

These companies suffer from high turnover rates within their

word processing department3. .1any iord processing exper:ts,
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however, point to numuecous examples of people gaining

career opportunities through the machine oriented world of

word processing.

The importance of ergonomics or human factors cannot be
overemphasized. It means increased productivity and satis-

fied employees. Plenty :)f evidenca exists to show that

userunfriendly designs preclude a widespread acceptance of

word processing equipment. In the past, system designers

could be iess attentive to human factors considerations of

hardware and software since most applications were used by

technical and computer oriented users. However as automa-

tion is entering the office at an ever increasing rate we

are seeing that word processing aad data processing are

being merged and we must be alert to the increasing

complexity of the equipment and tasks that operators must

: perform. It does little good to have a system so complex

that the average individual cannot operate it or even if he

or she can they don't feel at ease with it. These problems

are solved by the science of ergonomics, which is concerned

with the design of physical equipment and facilities people

use and the environments in which thy work so they are more

suitable for human use. rhis section will explore the ergo-

nomics of word processing equipment from a broad managerial
2.. viewpoint rather than a technical viewpoint. in conductin3

this reasearch most companies that were contacted felt that

this area of office automation was one that held the most

promise in gaining a marketing. edge and essentially all of

their information was proocietary and could not be released

for this reason.

1 1. Hardware and Enviro.mental Cosiderations

Shaffer (Ref. 331, reports that the Video Display
Terminal (DT) will soon outpace the photocopy machine in

the number used in the office and othier places. He further
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notes that by 1985 over 75 percent of all office jobs will

involve computers in some way. Obviously the most visible

sign of that use will be the VDr. There have been many

cases, reports and studies that have examined the health

aspects of the VDT. The issues raised include cataracts,

deteriation of eyesight, backaches and even fainting spells.

Present evidence strongly refutes the unconfirmed claims

that VDTS can damage health by radiation or that eyesight

can be affected. Safety and health experts do not hesitats

in declaring that it is safe to work at a VDT. Yet ore must

realize that there can be problems of discomfort and fatigue
which, although can be temporary, may reduce the effiency

and well being of the operator. Working at a VDT equiped

word processing machine may compete favorably with both

traditional typewriting and television viewing but there are

numerous examples where the reverse is true. It is the

nature of the task that determines the degree ;f strain and

fatigue. TV viewing, typewriting, proofreading and computer-

ized word processing present different types of problems.

Operating a keyboard and looking a screen impos,. a rela-

tively fixed working po~t:. and eye fixation. This creates

strain and fatigue and more so if the work intensity is

high.
Ostberg [Ref. 31], reports that the Swedish Naticna!

Board of Occupational Safety and Health has looked at oper-

ator discomfort in work tasks whi:h call for full time

sedentary visual work (couputer terminal operation, word

processing, microfilm reading etc.i . When operators werq

asked to mark the location of work-related discomfort on a

human silhouette, an operator's typical first response would

be as shown in Figure 3.1. Visual and postural discomfor'

might be expected among operators engaged in sedentary

visual work, and accordingly the relative distribu-ion of

* operator complaints shown in rable I comes as no surprise,
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IQ(/ESTIONIVArRE i'Ot Back

ON DISCOMFORT V4:
Please Park
w1ith X thoe
parts; of theI body uftre yout
experia'nee dis-
comfortC related
to your tJ'2'I.
Thuank yeoa for

y our coperatio3.
A typicalfirst response from an operator, engaged in

sedentary visual work (computer terminal operation,
word processing, microfilm reading, etc.).

Figure 3. 1 Sedentiry Ifork operator Response.

these are also the results of the Swedish Nat;ional Board of

rABLE V

Percentage of operators Experiencing Bodily Discomfort

Eyes 75%

Back/Shoulders 55%

Re ad/Neck 35%

Armus/Wrist 25%

Legs 15%

Occupational Safety and Health study. operators have also

been concerned with other problems relating to the use of

Cathode Ray Tubes (CRT). Some of these are X-ray emiss'on,
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electromagnetic emission, optical radiation and screen

flicker. Up to ten years ago CRTs did emi&. X-rays. This is

no longer the case. The high voltage supplies of today's

"CRTs operate at a level below 20,000 volts. X-ray smissiion

. will appear at about 30,000 volts. Ostberg notes that

several investigations have concluded that this is a safe

margin. Concerns over electromagnetic radiation are

-- unfounded, althcugh under special circumstances a microwave

oven may emit electromagnetic radiation there is nc possi-

bility that a :.RT could ever act this way. What is meant by

optical radiation are the iltraviolet, infrared and visible

ends of the spectrum. There is no ultraviolet and infrared

radiation from a CRT screen. The screen light is produced

by electrons hitting the phosphor-coated inside of the

screen (similar to the light produced by a flourescent tube

lamp), and the resulting light is absolutely harmless.

However a characteristic of a CRT that almost all experience

is screen flicker. FloIrescent light flickers with a

frequency that is given by the frequency of the a.c. power

source. CRTs flicker with a frequency that is given by the

design of the circuitry inside the video display unit (VDU).

A flicker of 10 Hz is extremely annoying and may actually

induce seizure in epileptics. A flicker of 100Hz is almost

imperceptible. The aim in the design of a VDU is to make it

appear flicker free at the lowest possible frequency. To

keep the price dcwn, virtually no c.omercial CR1 display for

word processing eqipment has a flicker frequency above 60Hz

and this means that they all may appear flickering, espe-

cially in large displays filled up with Ie-t. It is

harmless but some operators find it annoying. The quality

- of the characters displayed on the CRT is an iaportant char-

acteriszic of a screen. :harazters should be crisp, clear

and above all stable. The operator should not notice any

distortion, jittering, bouncing or flickering of characters.
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They should be large enough to be easily read yet dot malrix

characters should not be so large that the spaces between

the dots interfere with readability. Also character bright-

ness and contrast should be independently adjustable.

Screens with reverse video are now available and have

certain advantages because some glare problems are minim-

ized. After a word processing system has been installed

some operators may discover that they now need glasses or

new glasses. This typically the result of altered visual

tasks; luminance distribution, time of eye fixation, viewing

angle, reading distance, reflections, glare, higher produc-

- tivity, etc. Ostberg [Ref. 35], notes that about one out of

four office workers typically have uncorrected or inade-

quately corrected visual defects. To this should be added

that bifocal lenses suited for typewriting often are not

* suited for VDU work. And even after the operator has been

given a new pair of glasses the visual strain and/or fatigue
may persist. This of course will mike the operator worried

no matter what an eye specialist may say.

An area that is related to the design, installation

and use of CRTs is the lighting in the room where the CRT is

installed. While adequate levels of illumination must exist

for the office worker to read printed or handwritten copy

easily, the presence of glare sources (direct or reflected)
* within the workers field of view must also be minimized. If

this is not done, the visual sensitivity mechanisms may be

forced to readjust rapidly back and forth between the light
level on the desk and the much higher levels of bright

sunlight at a window 10 f0eet away, but in the direct field

of view. Dainoff [Ref. 35], reports that there should be

" between 37 and 56 footcandles (400 to 600 lux) of light

falling cn the print surface, while, at the same time,

light-intensity ratios in excess of 3:1 in the immediate

visual field should be avoiied. The illumination problem
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can be much more complicated when a CRT is intrcduced. An

upright glass serves as a kind of mirror that nicely

reflects images of the surrounding work place, particularly

S.... glare sources such as windows and light fixtures located

behind the operator. Thus, if one has a terxinal located

" " under a long row of flourascent light fixtures, the fixtures

far in front of the operitor will appear in the field of

view as a direct glare source, while those behind appear on

the screen as a reflected glare source. The latter will

present the additional problem of washing out the light on

. - dark characters on the screen, redu-ing contrast and making

reading it more difficult.

As a result, the solution requires that lighting

fixtures be located in such a way as to provide sufficient

footcandles on the operator's copy while at the same time

minimizing the glare/contrast reduction problems inherent in

the presence of an upright glass screen.

Adequate solutions to this problem are not yet

evident from the lighting industry. However, a number of
things will improve the situation. *ne can simply rearrange

the desks, mo ve or tilt the terminal screens and if

possible, relocate lighting fixtures to minimize the obvious

reflections seen on the screen. In many cases it may beK necessary to turn off certain overhead lights and to use

individual desk lamps ("task lighting") to provide the

necessary illumination. Some sort of window covering may be

necessary and one must be alert to other potential sources

of glare such as highly reflective table tops, wall

fixtures, decorations and floors.

Furniture and office furnishinas is another consid-

eration that must not be overlooked if morale and

productivity are to be maintained. Excessive strain on th-

musculoskeletal system will result from any activity in
which a person is forced to maintain th same posture for
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long periods of time. In an automated office, where a large

percentage of a person's daily work activity will involve

interaction with a single CRT tarzinal, musculoskeletal

strain will be of particular concern, and can be exacerbated

if that posture is awkward or unnatural, resulting in pains

of the back, shoulders, arms and wri3ts.

Strain can be minimized if the workstation is

designed to enable each operator to work with the home row

of the keyboard at about elbow height, so that thp forearm

is approximately parallel to the floor and the angle of the

wrist, with respect to the forearm, is within 5 to 10

degrees. At the same time the feet must be flat on the floor

(or foot rest) with adequate thigh clearance and firm

support for the lumbar (lower bazk| regic. of the spine.

Figure 3.2 shows recommended workstation dimensions for a

female VDU operator. Finally the line of sight from the

operator to the screen should fall within 10 to 30 degrees

from the horizontal, with the display screen located at

adistance of 50 to 70 centimeters (from 20 to 28 inches).
Realistically these goals cannot be achieved with

conventional office furniture, one piece terminals and ordi-

nary chairs. People vary considerably along several

important body dimensions; designing for the average means,

at best, that a larger number of users will be only somewhat

uncomfortable as opposed to very uncomfortable. It is also

important to realize that user populations of word

processing equipment may include males as well as females

and a diversity of racial !nd ethnic groups. Thus, even the

computed average body dimeasions used for traditional office

furniture design may be inippropriate because they are based

on populations of North American women.

The key to effective ergonomic design is flexi-

bility. A display terminal should have a detachable keyboard

4 and a tiltable screen. A good chair is mandatory; it should
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Figure 3. 2 Typical VDU Workstation Position.

have an easily adjustable seat height and backrest, provide

lumbar support and have a five point base. In addition, t6-he

use of a wrist rest Immediately in front of the keyboard

along with a good copy holder are ia-sxpensive but essential

elements in minimizing potentially stressful arm and wrist

angles.

The heat and noise of the physical environment must

also be cons ider ed. Electronic equipment generates a lot of

heat and requires extensive air zonditioning systems in

large-scale CRT terminal installations. However, if heat

removal Is not accompanied by proper humidificatin, th

resulting excessively dry air may result in aggrevating the

* symptoms of eyestrain, Izy skin and oIther problems.
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On the whole, when the soft click of t-minal

keyboards replaces the clattering of the typewrit.er, the

office environment is, with one exception, a much quieter

place. That one exception is, of course, the printer. Some

* early printer models exhibited noise levels in excess of 80

decibels - levels which are enough to be classified as occu-

pational noise hazards. Considerations must be made for ths

printer when installing WPE and sound proof.d work places

r almost always must be used.
2. jenALa! anLd goftwar% C9onsi _aF Jos

Koffler [Ref. 371. notes that while there has been

significant progress in the area of physical ergonomics and

word processing equipment there has been little in the way

of progress towards solving the mental problems concerning

ergonomics and WPE. He further feels that the majority of

potential users lack the skills and training necessary to

operate most systems available in todays market ani that
vendors expect their target users to have perfect memory

. capabilities, advanced Boolean logic training and highly

developed deduction and induction techniques.

Although the keyboard is part of the physical

machine we can think of the layout Df the keys in terms of

the mental aspect of machine design. Layout and labeling
will be dependent upon the particular application for which

the terminal or system is intended. For example a terminal

designed for airlines reservations will be different from a
WP terminal even if both have the same physical profile.

In general, certain areas of the keyboard should be
reserved for certain function keys according to their rela-

tive frequency of use. The area to the right of the typing

area has proven to be the best place for the most often used

keys, followed by the area immediately to the left of the

typing area. The layout of the traditional keyboard is
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referred to as the "QWERTY" design so named for the top row

of keys. Although there have bee keyboard designs tha:

have resulted in more productive output the "QWERTY" layout

seems to be the standard as a matter of tradition. A common

problem that many WPE manufactures are guilty of is placing

the cursor control keys - the most frequently used key in

word processing - immediately over the typing area, which is

the least desireable in terms of operator accessibility ani

comfort.

Displays are another gray area between physical and

mental ergonomics. In general office automation 4s forcing

systems to deliver what can be described as "what you see is

what you get" effect, whereby displays are expected to be

replicas of what will appear on paper. Thus screens are

being designed to accomodate such things as underlining,

bolding, multiple pitches, variable spacing and multiple

fonts. The more popular and successful screens are those

that permit an entire page to be displayed rather than the

more traditional partial page.

Koffler [Ref. 38], believes that one of the weakest

components of word processing equipment is the software.

Software is perhaps the most important component of a word

processing system. It is not only what the system does but

how it does it. We can refer to this area as "software

ergonomics". This component of a word processing system may

be the most irritating aspect of a job to an operator and

can cause serious efficiency and productivity problems.

Koffler states that two general rules should be applied to

the design of word processing software. The first refers to

the software being "functionally distributed". This deals

with the allocation of different functions of a system in

relation to menus, single-purpose and multi-purpose keys,

mnemonics and commands. Inherent to this area is the actual

physical design and layout of the menus and commands. His
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second rule refers to the establishment of a common apprcach

of doing things and is called "consistency". For example

placing a promt on a screen always at the same location or

giving the same logical meaning to such conventions as

delete, insert and erase rest of line.

Word processing software shoald be implemented in a

layered manner. This means that prDficient users are given

ways to bypass certain executional steps that novices or

casual users need in order to use the system without conti-

nuously referring to manuals or support personnel.

This is related to the problem of documentation.

Software vendors have been notoriously lax in their efforts

to thoroughly and properly document their software. And the

word processing field has been no exception. Software must

be written for the WPE user not the supervisor or the

computer center manager.

3. Summal

The importance of ergonomics in the office cannot be

ov.rstated. Without consideration given to the human element

in the word processing function we cannot expect to achieve

the increases in productivity, efficiency and improved

communications that this technology :an bring. Most of the

human factors ccnsiderations that have been discussed here

li- in the responsibility realm of the manuafacurer, however

todays manager wo is invloved with WPE must be constantly

alert to the changing technology and the major effects this

technology has on personnel.

49

*6!



" -- •

B. WORD PROCESSING AT NPS

1. Bac _grlo nd

The word processing question has been an area of

concern for quite some time at the Naval Postgraduate

School. Increasing student enrollment, billet reductions,

personnel limitations and fiscal constraints have further

aqgrevated the administrative workload. A formal feasi-

bility study has not currently been done to determine the

most effective system to be employed here. Howev-r plans dr

currently in effect to have such a study completed by the

Spring of 1983 to determine the hardware requiresents and

implementation strategy.

Implementation of word processing emuipmenr may

offset billet reductions directed by the schools major clai-

mant, Chief of Naval Education ani Training (CNET) and

permit a possible reallignment of existing bil11ts to

provide a more efficient and effeztive workforce. These

billet readjustments could also permit job reclassification

and upward mobility similar to that experienced by civilian

org anizat ions upon the i nstallation of word processing

equipment.

The use of word processing at the Naval Postaraduats

School is viewed to be a very important matter by the

faculty, staff and administration. Preliminary thoughts are

not aimed at a centra!ized WP center but rather at a decen-

tralized system organized by departments and functions.

However two major concerns became evident in this research.

The first concern deals with the problem of Iscentaliza-

tion, it is believed that the cost of the decentralization,

which is necessitated by the diversified functions performed
atNPS, could become prohibitive. Secondly, due to th=

unique mission of NPS, :elative to the civilian Zcctor

security of sensitive and classifie! ma-terial could bs an
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important factor relating to the organization of WPE at the

Naval Postgraduate School.

2. Cgurft Wor - Proc-ssin2 Cbilities and Plans

There currently exists a variety of word processing

equipment at the Naval Postgraduate School. These range from

an IBM Mag Card II to the SCRIP? option (a document-

composition program written by the Department of Computing

Services at the University of Waterl:o, Ontario Canada) on

the schools mainframe. Dhe SCRIP? option has not been

considered as a part of the word processing solution mainly

because there are only two printers at the school neither of

which produce letter quality output, the inacc-ssibility of

the terminals and the psychological factor that the computer

is thought by most to be ainly for computational use. This

fact has not inhibited students and faculty from extensively

using the mainframe for document production though. There

are currently no statistizs available concerning the utili-

zation of the IBM 3033 XP as a word processor and it is

unlikely that it would -wet be considered as the primary

means of text reproduction since it was not purchased with

that idea in mind.

Funds for the acquisition and implemen-ation of the

proposed system are currantly programmed in the schools

Fiscal Year '85 budget. ks an interim measure 8 A B Dick

Magna S L's were recently leased to augment those machines

already in use. A complete listing of current WPE and their

locations are contained in Table VI.
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fABLE VI

Current Naval Postgraduate School IPE

WPE DEPARTSENT PROCUREMIENT

A B Dick Magna SL National Security AffiJars Lease

A B Dick Magna SL Couptroller/Supply Lease

A B Dick Magna SL Correspondence anid Records Lease

A B Dick Magna SL Administrative Sziance Lease

A B Dick Magna SL Operations Research Lease

A B Dick Miagna SL Mechanical Engineering Lease

A B Dick Magna SL Ocean:ography Lease

A B Dick Magna SL Aeronautical Enginieering Lease

Lanier LTE-3D NatiJonal Security Affairs Lease

Lanier LTE-3D Electrical Enginesering Lease

Lanier LTE-3D Administrative Science Lease

Lanier LTE-3D Physirs and Chemistry Lease

DEC WT/78 Continaing Education Purchased

DEC WT/78 Electrical Enginee ring Purchased

DEC WT/78 Meteor:) logy Purchased

IBM Mag Card II supply Lease

IBM Mag Card II Public Works Lease

IBM Mag Card I Legal 3ffice Lease
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IV. WORD PROCESSING SURVEY RESULTS

A. SURVEY DESIGN

Whenever an organization is contemplating either

purchasing a word processing system for the first time, or
updating its present capabilities, there are many factors

involved in making the derision. rh.e initial capital outlay

and lifetime expense of the system is one of the major

factors to consider, however, before this area is ressarched

an organization should attempt to assess its present
strengths and weaknesses In thea WP field. The word

processing survey (AppendiK A) distributed to the personnel

at the postgraduate school was designed with the intent of

investigating three major areas which many organizations
often overlook. Questions were included to gather informa-

tion in word processing personnel background, satisfaction

level, and desirable system attributes.
Word processing personnel were iefined as all clerical

or secretarial government service (GS) employees who either
worked with word processing systems at the time of the

survey or were likely to come in contact with WP systems

during their employment at NPS. The first group of ques-

tions were included to provide background information as to

a the operators educational level, time of employment, job
activities, and cther related fields. In addition, r-spon-

dents were asked to inclde information on the nature of

their work, what kinds of documents they worked with most

often, any seasonal tasks, and those situations which tend

to hinder their work. Before implementing a word processina

system it is imperative that an organization be familiar
with this information. rt would be catastrophic for a
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company to purchase an expefnsive new system only to discover

that the workers lacked the educatioial level to opezi-E the

machine or much worse that a relativsly inexpensiv.: electric

typewriter would provide all the support reauired. A seconi

group of survey questions pertain to worker satisfaction.

This study does not offs: an in depth study of operator

satisfaction and its relationship to perfcrmance or produc-

tivity measures. However, when developing or purchasing a

new word processing system (or any system) it is imperative

that one consider present worker satisfaction a.d the

effects, both positive and negative, a new system will

present. Present clerical worker satisfac ion at NPS was

measured utilizing the i oppock J: b Satisfaction Blank.

[Ref. 39], The final group of questions, queried the respon-

I. dents as to the WP systems they are presently using,

attributes they found to be either bneficial or detrimental

to their WP tasks, and chiracteristic:s they would desire in

a new word processor. This information would prove helpful

in determining if the workers' worl processing needs were

actually being met with the WP systems presently located at

NPS.

B. DISTRIBUTION METHODOL3 Y

L-. After development of -he WP survey and advisor approval,

the survey was distributed to each NPS department which had

t, its own word processing equipment or access to a system

located in another department. in addition, surveys were

provided to departments where no WP systems were available.

In each case, the survey wis discussed with the departmental

6 chairman, or in his absen=e, the curricular officer or other

designated supervisor, to ensure departmental cooperation.
Whenever possible, the surveys were then personally

presented to the workers. In this manner, all personal

'5
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questions were answered and the importance of completely and

accurately filling out the survey was stressed.

In distributing the surveys to the secretarial/clerical

respondents, three attitudes were prevelant. The vast

majority of workers who participated in the survey were very

responsive. Most believed that their personal inputs were

critical to the success of any new system. In the past, new

systems were purchased with very little, if any, interaction

with the personnel who would actually utilize the system on

a daily basis. This results in equipment that 's not

completely understood and therefore often underutilized.

The second attitute which presented itself approximately 15

per cent of the time, was most uncooperative. The indivi-

duals supported the use of WP systems, however they were

unwilling to participate in the survey. The two major

reasons provided were that the person was either much too
busy or simply did not want to complete the survey. The

third prevalent attitude which manifested itself approxi-

mately 5 per cent of the time was one of suspicion. Here

again the individuals involved supported word processing,

however they perceived the survey as a threat to their job
security. It was strongly emphasized that the survey was

completely anonymous and that the researchers were in no way

affiliated with the civilian personnel office however, the

respondents were still very reluctint to comply with the

intent of the survey. As a result of the second two atti-

tudes, 50 surveys which were distributed resulted in a

data-producing sample of 31 surveys or 62 percent of

personnel polled.

a
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C. POPULATION AND SAMPLE

In his book, The Reseirch Process in Education, David

Fox (Ref. 40], describes five states often utilized in the
sampling process. This study utilizes these states. These

states are the universe, the population, the invited sample,
the accepting sample, and the data producing sample. In

this study the universe consists of all clerical and secre-

tarial personnel at NPS. The majority of these personnel

either use WP equipment or will be exposed to it sometime in

their career. The population and the invited sample are

both represented by the 50 personnel who were asked to

participate in the survey. The accepting sample consists of

the 36 clerical/secretarial workers who completed the

survey. Finally, the data producing sample consists of the

31 respondents who correctly completed the survey. Table

VII illustrates the sample selection.

D. BACKGROUND INFORMATION

After the surveys were collected from participating
clerical/secretarial personnel, each form was checked for

accuracy and completeness. Data from the 31 data-producing

surveys was then tabulated and recorded. The first seven

questions pertained to background information. All :espon-

dents were women, and all were employsd in the GS-3 to GS-6

range. Table VIII shows the government service rating

breakdown. The data from questions 2 and 6 was tabulated

and a mean was calculated utilizing the following formula

(Ref. 41],

-ZrK SAMPLE MEAN (x) -

n

where: x = value of the respondent

n = number of the sample
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r&BLE VII

sample selection

~JNIVERSE

All Secretarial/C'lerica. Personnel at NPS

PO PULATIONI

F50 Randcmly Selected Sacretarial/l-9rical Personnel at NPS

INVrTED SAMPLE

50 Randomly Selected Secretarial/Clarical Personnel at NPS

ACCEPTING SAMPLE

36 Secretarial/Clerical NP5 Personnel who returned tzhe survey

DATA-PRO DUCIN1G SAI!PLE

31 Secretarial/Clerical NP3 Personnel who correctly completed
K the survey
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T&BLE VIII

Sanple Break down by GS Rating

RATING NUMBER PERCENTAGE

GS -3 7 .23
GS- 4 10 .32
GS-5 12 .39
GS- 6 2 .06

------ -- ----- - - -----------------------

* This produced a mean of 64&.8 words per minute typing and a

mean aqe of 33. 3 years. Questions number 3 through 5 and

question 7 produced the following information which I's also

located in Appendix B in the form of histograms.

1. BjjjcAtiona-l Levl

The educational level of the respondents is as

follows:

10 percent graduated from high school or have thei.;r

G.E.D.

58 percent have some college or technical training

beyond high school.

26 percent graduated from college.

3 percent have some graduate school.

3 percent have a cra-luate degree.
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2. _Y IZ-e-2- ]!__ -- __r--e

The experience level as a federal civilian employee

is as follows:

10 percent have workel less than one year.

48 percent have worked between one and five years.

29 percent have worked between five and ten years.

13 percent have worked between ten and twenty years.

3. _tai raii

61 percent of the respondents have had no formal

secretarial training. Of the 39 percent which have had some

formal training, some hive taken two years of secre-.arial

courses while others have completed one semester of

traininq.
. 4.

The time at the present HPS position is as follows:

16 percert have been it their present jcb less than

three months.

3" percent have been it their present job between three

and eleven months.

29 percent have been at their present job between 1 and

3 years.

23 percent have been it their present job more than 3

years.
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5. !1ob tivity

In addition to providing background irformation,

respondents were asked to divide their work into the catego-

ries listed in question 3, and any other categories, by

percentage. As shown in Table rX, the majority of th;

secretarial/clerical workers ti me is spent typing,

performing general clerical work, and either placing or

receiving calls. Activities specified in the "other" cate-

fABLE IX

Job Activity Breakdown

TASK PERCFNT OF TIME

Dictation .003
General and Statistical Typing
and Proofreading .404
Filing .056
Telephoning .145
Mail .034
"Go-Ferinq" Run errands, at=. .033
General Clerical Work .235
Personal Time .022
Waiting for Work .016
Other .052

(Total) '-TUUU--

gory included the supervising and counseling of other

clerical personnel, traiaing new hirces, duplicating mater-

ials for staff and faculty personnel, answering questions

from students, and running errands to other buildings.

Question 19 asked the workers to specify the type ofKdocuments they worked with most oft-n and question 13 asked

for information reqarding any seasonal tasks. In response

to question 19, the majority of the personnel surveyed work

with manuscripts for faculty members, letters and memos for
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their supervisors, and to some extent forms, brochures, and

reports. Seasonal tasks, question 13, were centered around

the academic quarter system at the school. These tasks

included typing research proposals, exams, section lists and

enrollment summaries, and graduation reports. Respondents

from the supply and public works Jeoartments listed fiscal

quarter related reports such as the operational target

(OPTAR) spending report and contracts. Question 12 asked

personnel to provide the current turnaround time for docu-

ments which required typing. the results were as follows:

14 percent of responlents reported a 1-2 hour

turnaround.

64 percent reported a 1 day (3 working hours)

turnaround.

14 percent reported a 2 day turnaround time.

8 percent reported a turnaround of greater than 2

days.

Turnaround times of greater than 2 days, are gener-

ally the result of lengthy manuscripts or technical reports.

From talking with the respondents during survey distribution

and from comments added to question 12, over 50 percent of

the workers noted that thir turnaround times were directly

affected by the availability of their respective WP system.

Turnaround times increased as the availability of the WP
system decreased. The task could still be performed,

however, use of a typewriter often resulted in increased

turnaround times.
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6. Work Hindrangcls

Question 9 asked personnel to list the major hind-

rances to the performance of their jobs. Respondents

provided ten major categor"es of hindrances which are listed

in Table X along with the percentage of respondents who

rABLE I

Situations Which Hinder Work Performance

* SITUATION PERCENTAGE OF RESPONDENTS

1) Telephone Interruptions .61
2) WP Equipment Down or

Unavailable .23
31 Personnel Interruptions .19

Inadequate WP ?raining .17
5 alk ing Documents through .16

for fzinal approval/signatLre
6) Poor Quality Sq pplies/ .10

Supplies unavailable
7) Sceedule of Boss .06
8) Departmental Cooperation .06
9 Makinq Copies .03
1) General Offica Confusion/Noise .03

listed the item. As the table shows, the major interruption

to the workers job is the telephone. Saveral respondents

added the comment that when they were utilizing a word

processor not located in the Office, such as the

Administrative Science Dsoartment's Lanier LTE-3D which is

located in a separate room with no phone, other personnel

would interrupt them by relaying phone messages. Phone

interruptions continually added to the increase in document

turnaround times. The se-ond highest category is equipment

down time or unavailability due to xcessive use. Once 3L

document is entered into the system and placed on main

memory, such as the IBM 3033AP Script system, or on an
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offline storage media such as a mag card or floppy disk, if

the system goes down, there is no way to work on -he docu-

ment until the system is fixed. Personnel interruptions,

the third hiqhesk category, also serve to distract the cler-

ical personnel. Answer ing student or staffE/faculty

questions often takes time and this is time taken away from

the preparation of a docament. inadequate training was

included on several surveys. While the majority of :espon-

dents felt on the job training was aseful, many noted that

the constant interruptions preclulel them from adequately

learning the system. One individual attended a DEC WT/78

training course and believed that all personnel utilizing WP

systems should receive similar traiing. Walking through

documents for final approval and signature was also a major

hindrance listed. Valuable time was lost from the job while

tracking down supervisors for final review and approval.

From the job distractions noted above, it would seem

that a word processing center (WPZ) or centers may be in

order at the postgraduate school. With the establishment of

a word processing center, personnel requiring the typing or

preparation of lengthy locuments such as manuscripts,

reports, or theses, woull submit them to the center which

would be relatively free from the daily interruptions listed

above. This wculd not necessarily require the hiring of

more personnel. The number of cl:rical workers in each

office could be reduced, with those desiring a transfer,

being placed in the worl processing center. A logical

career progressien might b. to start as an office worker and

then progress to the WPC. the formation of a WPC would

present problems however, in that it would deprive a worker

of variety and would also restrict socializa+ion on the job.

Electronic mail could also prove to be beneficial at NPS.
With its introduction, workers would no longer have to walk

a document through for final approval. The document could

4.-
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be relayed to each necessary departnent via interconnected

terminals. Appropriate changes could be made if necessary,

and the final copy returned to the secretary for printing

and distribution.

* E. WORKER SATISPACTION

According to Websters Dictionary, satisfaction ;s

defined as, "the complete fulfillment of a need or want, or

the attainment of a desired end" (Ref. 42]. There are many

measures of job satisfaction available and, as Schletzer

notes in her doctoral thesis they may be classified as

either "direct or indirect, objective or subjective, struc-

tured or unstructured, questionnaire or interview"

[Ref. 43]. whichever measure is utilized, it must ask the

respondent about the entire job or about different job

aspects. Organizations must decide if they are interested

in learning about the overill satisfaction level of workers,

or specific items which the workers believe make positive or

negative contributions to their own satisfaction level. The.

method included in the word processing survey distributed to

workers at NPS is the Hoppock Job Satisfaction Blank. This

questionnaire was designed by Robert Hoppock in 1935

[Ref. 44], to measure the overall job satisfaction level,

and it has become one of the most wiely used instruments in

this area. When completing the survey, workers are asked to

respond to four 7 choice items which ask how much the indi-

vidual likes his or her position, how much of the time the

person feels satisfied with the job, how the worker feels he

compares with other peopla in liking their jobs and how he

feels about changing his position. In the word processing

survey (Appendix A), questions 13, 15, 16, and 17 represent

the Hoppock Blank. When scoring the results, values of one

to seven are assigned to the individual responses 4n each
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question with the larger numbers rapresenting satisfaction

ani the smaller numbers dissatisfaction. The corrected

reliability reported for this scale was approximately .83.

In addition to these four questions, quesrion 14 was
inaluded to measure job turnover at RPS. Question 10 was

included to provide the workers with some flexibility in

their responses.

After scoring the 31 lita-producing surveys, the Minitab

Statistical Package (Ref. 45], on the IBM 3033AP was

utilized to generate a mean and standard deviation for the

responses. Minitab utilizes the the following formulas:

MEAN (x): x =

n

STANDARD DEVIATION (s) : s x=- x)

n 1

4 Minitab produced the following information:
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MEAN: 19.71

STANDARD DEVIATION: 4.27

In order to use this info:mation, it is necessary to compare

it with the results generated from other samples. In a 1976

paper entitled, "The Val.Iity and Reliability of Hoppock's

Job Satisfaction Neasure", Charles McNicholas (Ref. 46],

provides the results of three samples which utilized the

Hoppock Job Satisfaction Blank. These three samples

consisted of (1) 360 managers in a public utility company,

(2) over 17,000 Departi ent of Defense civil service

employees, and (3) approximately 11,000 military personnel

in all grades up to colonel. Another sample (4), was gener-

ated in a 1977 thesis entitled "A Behavioral Assessment of

Word Processing Centers" by Donali Royner and Jon King

(Ref. 47]. These four samples and the sample from the Naval

Postgraduate School (5) are shown in Table XI.

rABLE I

Five Samples Utilizing Hoppock Job Satisfaction Blank

SAMPLE NUMBER MEAN STANDARD DEVIATION

1 360 21.25 2.73

2 17,110 19.31 4.07

3 10,996 17.69 4.98

4 62 18.39 4.07
5 31 19.71 4.27
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From looking at the data, it .6uld initially seem -hat

clerical and secretarial personnel at qPS are more satisfied

with their jobs than any other sampl. except th first. in

orler to evaluate the data correctly, however, it is neces-

sary to perform a test of significance. The following

example compares the WPC sample and the sample obtained at

NPS. This comparison uses the t-test (Ref. 48]. This

method will test the hypothesis that the NPS mean for satis-
faztion is significantly higher than the WP- mean. The

following data is used:

x = 19.71 s = 4.27

u = 18.39 n = 31

0

where:

x = the mean of the sample

s = the standard deviazicn of the sample

n = the sample size
u = mean of the comparison population

4 0 (in this case assumed to be tho WPC)

This data is used in the "t" formul_- which is:
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This produces:

t .41Lf7

A one-tail t test at a .05 level of significance will

reguire, a value of 1.65 to indizate signifi-cance. This

value is found in the statistical tables found in the back

of statistics texts. To complete this example the

hypothesis that the NPS mean is equal to the WPC mean (known

as the null hypothesis (HO ) is compared against the

hy'iothesis that the NPS mean is greater than the WPC mean

(known as the alternate hypothesis (9l)) as follows:

H u =18.39

H :u > 18.39

In thiLs case?, .417 Is not > 1.65, therefore the alternate

hypothesis cannot be accepted. The difference be~weeni the

*sample mean of 19.71 and the hypo-thet:ical mean, ofUlf could
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be attributed to chance, therefore the hypothesis that the

two are equal must either be accepted or judgement must be

reserved. Similar comparisons could be made between the

other samples and the satisfaction level of NPS personnel.

1. Sat ia c on m~!

Question 10 provided the respondents wi-h the oppor-

tunity to list any changes in their environment which they

felt would improve job satisfaction. Respcnses are shown in

Table XII, with the correspondending percentage of personnel

TILBLE X1I

Changes to Improve Job Sat isfaction

CHANGES PERCENTAGE

Office Assistant .27
Improved Training .25
WP in a Secluded Area .22
Improved WP Ejui?1kent .22
Improved Duplicating Machine .14
Better Office supplies .06
Better Pay .03

who included the change. Most of the personnel who

requested an aide to answer the phone and run errands also

suggested that the word processing facilities be moved to a

secluded area. In this manner, their work would not be

continually intertupted. 25 percent of the respondents

stated -that improved training, especially in the WP area was

definitely in order. Many individuals compained of the down

time on WP equipment as well as the duplicating machines.

Only one of the 31 respondents stated that increased pay

would increase their job satisfaction level.
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2. Pesonnel Turnover

Question 15 asked the workers to state their inten-

tions reqarding staying or leaving their present job. It

produced the following results as listed below and shown in

the form of a histogram (Appendix B).

16 percent definitely will leave (resignation).

6 percent definitely will leave (transfer).

16 percent are leaning toward resigning or

transferring.

19 percent are leaning toward staying.

30 percent definitely will stay.

Many of the respondents felt it necessary to justify their

reason for leaving due to resignation. The two major

reasons given were that the spouse was a student at MPS and

was, completing school or that the individual was getting

married.

F. WORD PROCESSING SYSTER CHARACTERISTICS

In order to explore the system characteristics tha-

operators desired in a word processing system, it was first

necessary to ascertain which systems were in use at the

postgraduate schcol. Qaiestion 22 provided the following

information as shown in Table XIII. During survey dis-ribu-

tion it was discovered that several office were scheduled

for the installation of A. B. Dick word processing systems.

These offices were shown i chapter 3. As Table XIII shows,

all secretarial/clerical personnel have access to an elec-

tric typewriter. Of the 31 respondents, 24 utilized at

least one word processing system in addition to the electric

typewriter. Workers noted that their use of the available
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L . UP Systems in Use at NPS

-. - - - - - - -

* SYSTEM # OF USERS PERCENTAGE

Manual typewriter 0 0.00
Electric typewriter (only) 7 .23Elec. Type. + WPE 24 .77
IBM Mag Card I 1 .03
IBM Mag Card II 3 .10
Lanier LTE-3D 9 .29
DEC WT/78 5 .16
AM Varity er 1 .03
Script (IBM 3033AP) 3 .10
Osbourne Minicomputer 1 .03

wP system ranged from as little as 10 percent of their time

to as much as 90 percent.

Question 21 asked the 24 workers who utilized a ZP

system in addition to the typewriter to provide reasons why

the work load was divided. Table XIrI displays the informa-

tion as the number and percentage of respondents who listed

each reason. As the table shows, the major reason that

operators prefer to use the typewriter over a word processor

is a lack of system knowledge. Several surveys, had the

adled comment that more time and effort should be devoted to

training the operators in the use of their respective

systems. The second major reason listed, nature of work,

was attributed to the use of government forms which are rot

stored in the WP system, and the n.cessity for ths workers

to produce memos and other relatively short material which

are easier to type on the typewriter. 11 of the 24 users

listed system response time and 10 users noted system avail-

ability as reasons for not using WP. During survey

distribution, several workers commented on how lifficult it

was to utilize a particular system because it was always
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being used by someone else. This not only precluded the

operator from accomplishing work on the system, but also

restricted training. 9 of the persons surveyed listed

system set-up time and the quality of printed output as

reasons to avoid the WP system. When discussing this with

them, they stated that the time required to set-up the

system is often better spent at their desk. For those

systems such as Script which do not have letter quality

printed output, operators believed that it was a waste of

time to type a letter or report utilizing script, if the

]T&BLE XIV

Reasons for Division of Workload

REASON # OF USERS PERCENTAGE

1. Physical proximity 2 .08
2. Nature of Work 11 .42
3. Set-up ti'e 9 .37
4: User Friendly 2 .08
5 System Knowledge 15 .63
6 System Availability 10 .42
7. Response Time 10 .42
8. Quali ty- -pr i nted

output 9 .37
9. Other 2 .08

work had to be redone. Table XV breaks down the information

provided in Table XIV by system.

K Interpreting the data in Tabl. XV reveals much of the
same information found in rable XIV. Operators are not as

knowledgeable about the systems as is required or desired.

All 3 of the persons that use Script mentioned the nature of
their work as a reason for the division of workload and 2 of

the 3 listed the quality of the printed output. In the

"other" cateqory, one operator of the Lanier LrE-3D stated
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rABLE IV

Division of Vorkload by System

S STE Mi REASON
(# JP" USERS)

Manual Typewriter I i

El.c TypewriterL ..... I I Ii
IBM Maq Card I . JI_ _

IBM Mag Card II - ----
~~~L a n i e r L T E -3 D I . . - - . . - i - - - - - -

DEC WT/78 1 .T1 I
AM Varityper L I I- -_7- -- - - 1 ... --- -7- -- --
Script (IBM 3033AP) -

T OT AL..1.. _ |

that she was unable to use the system for more than 20

minutes without acquiring a headache, and a DEC WT/78 user

stated that more forms shoiuld be stored in the system.

G. BENEFICIAL AND DETRIMENTAL FEATURES

Question 22 asked the user to list the features of their

particular word processor which they found to be the most or
• least helpful in the perf ormance of their jobs. These.

features are discussed by system.
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Information proviled on the IBM Mag Card units was

somewhat limited due to the fact that only 4 workers ut'lize

this equipment. All respondents felt that these systems

were vast improvements over the electric typewriter and

found the memory (magnetic card media) to be most helpful.

The worst feature noted was the necessary to change the

information on the magnetic media. rhe users were all aware

of the other systems available aad realized that many

improvements to the Hag Card units are available.

2. scrit (IB 3o33AP

The major advantage to the script function was its

availability. All three users noted that it was relatively

easy to find in open terminal. rhts was the only benefit

listed. The bad points included poor quality of printed

output and slow system response time. Waiting at the

printer during peak utilization periods was a critical waste

of time. one operator felt that the system, although very

helpful for in-house reports, was not all that user friendly

in that the list of possible commands seemed to continue

forever.

3. _ VariZIz

Positive features of the Varityper included the ease

of correction, the floppy disk iemory media, and the

increased speed. Features or characteristics which were

least beneficial included system noise, the lack of text

manipulation capability, and the ibility to view only a

single line.
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4. n . .. .

No comments were proviled for this system.

5. DEC WT/78

All 5 users oif the DEC system commented on the

correction feature and found it most bneficial. They also

listed the text manipulation characteristics and the system

responsiveness as major banefits. Finally, at least one of

the operators listed the storage feature, embedded rulers,

disk filing system, ability to draft a document into smooth

copy, and ease in producing mailing lists as definit-a

pluses. Under poor characteristics. 3 of the 5 noted that

the users manual was weak and that formal train..ng should be

obtained for all users. in addition, the lack of a sorting

feature was noted. One user complained of operator fatigue

when using the system for long periods.

• ~6. La nie r L TE--_3

* More infcrmation was obtained for this system than

any other due to the fact that 9 of the 31 respondents, or

29 percent use the system. The beaeficial features are as

follows:

- Ease of correction

- Storage of documents

- Increased typing speed

- Text manipulation

- Insertion/Deletion of words, lines, pazagraphs

- Joining pages

4 - Transportability of data

- Automatic carriage return

- Centering capability

- Repaging

- Printing
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The least beneficial or useful featuces are as follows:

- Partial display of page

- CET eyestrain

- Unreliability (system down time)

- Poor for technical (equationi typing

- Users manual

- Heat from machine

- Noise from printer

- Necessity to store each individual page

- Warm up time

- Poor print quality (letter spacing not consistett)

- Keyboard too low

B. TOE IDEAL SYSTEM

Question 23 was included to obtain data on system char-

acteristics that the operators had used or heard about at

one time but were not presently avialable on systems here at

the school. In concluding the survey, r9spondants provided

information on a system which woull meet all their needs.

17 of the respondants provided information for this question

as shown in Table XVI.

As Table X shows there are many features that different

operators find useful in i system, however the one feature
which is most important oi any system is a reliable users

manual. This, coupled with a dedicated training prcgram i

a basic requirement for all systems. Combining the infor-

4mation from questions 22 3,ad 23 results in a system with the

following characteristics:

- Text manipulation

- Automatic spelling correction

4 - Users manual and training program

- Full page screen
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k &BLE XVI
rDesired System Characteristics

CHARACTERISTIC # OF USERS PERCENTAGE

Working users manail 11 .65
Text manipulation 11 .65
Full page screen 10 .59
Spelling correction 9 .53
High quality printer 9 .53
Operator trainin 3
Increased availa ility 3 .18
Sorting Ca pability 2 .12
Color grapi cs 2 .12
increased Reliability 2 .12
Equation Capability 2 .12
Quiet printer 1 .06
Libra;7e s 1 .06
Pre printed forms 1 .06
Vertical lines 1 .06

- High quality/quiet printer

- Color graphics for chart production

- User designed console (human factor consideration)

- Capability to use preprinted forms

- Sorting capability

- Libraries

- Equation/Symbol capability

- Short warm-up period

- System compatible/transportable storage media

- Automatic carriage return

- Increased storage capacity

- Embedded rulers

- Vertical and horizontal line production
E

It should be noted that with each additional feature comes a

corresponding increase in system price. It is highly

unlikely that all the items listed above could be included

in one system due to cost considerations , however, system
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operators at liPS have found these features to be most bene-

ficial to their work. rhe end result would be increased

operator productivity and satisfacti:r..
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V. .AAAMI U. coHCLIUJsoS

* The purpose of this chapter is to summarize areas

presented and make recommandatios for the implementation of

a word processing system it the Naval Postgraduate School or

any other information depea4ant organization.

A. WHY CHANGE TC WORD PRCESSING ?
As one surveys past developments in the history of word

processing two major chara.teristizs stand out. The first

is that after each techn3logical breakthrough and corres-

ponding period of high =:sts for the new equipment, the

price of implementing ani utilizing the system falls quite

rapidly. The other main impetus for growth in the WP market
is the price of labor. While the :osts of systems continues

to decline, the cost of manpower has been rising steadily

over the past twc decades. As Whithead [Ref. 49], suggests

the point has ncw been reached where it is no longer cost
beneficial to continue adding additional workers i n -an

attempt to solve an organizational productivity problem. It

is now cheaper to introduce automated systems than to

continue using traditional means. Successful implementation

of word processing systems and the corresponding increases

in productivity require th? total committment of all organi-
zational levels. It is no longer enough for an organization

to find the cheapest machine on the market, place it in

front of the sectretary, and then expect major productivity

* improvements. The old approach to a systems study, as shown

in Figure 5-1, (Ref. 50], where you study the secretary's

job and then decide on what she needs must be improved upon.

A system should fit *he needs of the organization as well as
7
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Approaches to System Study

. OLD METHOD

I ~td the_________job______ Decide onof the STAFFING
SECRETARY

NEW METHOD

; ' Determine

PRINCIPAL

Desig Decde on

System STAFFING
Study the job

of the
SECRETARY 00

Figure 5.1 Approaches to Systems Study.

the needs of the secretary. Areas such as human factors

considerations and the educational level of the operators

must be considered. What is required is a well thought out,

documented plan for the implementation of the system.

B. INPLERENTING A WORD PR3CESSING SYSTEM

There are many different suggestions on how to success-

fuly implement and utilize a word processing system in an

organization, and the number of steps in the process range

from one or two to infinity. rhere is a common ground

however. All seem to agrge, that in organization must first

understand where it is before it attempts -o decile upon

4 where it wants to go.

80



1. ARAraise Your Present Situation

The first question that aust be answered when

considering a new word prozessing system or updating present

capabilitieE, is; "What is the present organizational situa-

tion regarding word prozessing?" The situation must be

examined both internally and externally in order to fully

understand all factors involved. Current systems in use,

flows of information, operator requirements, and system

utilization are only a few of the factors which must be

U considered. Much of this information may be gathered by

using a survey, as was doae at NPS. This survey revealed

that (1) the majority of WP operators were well educated,

(2) improved users manuals and more training were desired,

and (3) productive WP tinie was lost due to constant inter-

ruptions. This represents only a sample of the valuable

information available. Sezretaries and other possible users

of a word processing systam are more than anxious to prcvida

information on exactly what they do and on what characteris-

tics a system should have to improve their work. All one

has to do is ask. At the same time it is importan- to

ascertain upper management's position on any change to the

present system. If top-level management does not wish to

trade in electric typewri 4 ers for worl processors this

presents a major obstacle. It is not impossible to over-

come, however, it is much easier to deal with when a system

is under consideration than after the funds have already

been allocated.

2. Define and Set Orqganzat ional Goals

Once the present status of the organization is

ascertained, realistic goals may be _= stablished. The organ-

ization is answering the question; "Where do I want to go?"
When considering word processing a conscientious manaaer
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will establish long-ranga, intermaliate, and short-range

gcals. The short range goal may be to thoroughly educate
one member of the organizition in the area of available WP

systems, while a long range goal may be to establish an

organizational wide distributed word procr ssing system.

Other goals, as discussed by Primrose (Ref. 51], include:

(1) Increasing Produztivity -- For example, increase

volume output by 10 percent within 5 months and 20 percent

after 1 year;

(2) Quality Control -- To ensare quality of output is

not sacrificed for increased volume. For example, decrease

typographical errors of system operators while increasinq

speed;

(3) Establish Training Programs -- Ensure all users are

thoroughly indoctrinated and educated in the correct use of

the system. Acquire manuficturer users manuals or if inade-

quate develop own;

(4) Establish Job Descriptions -- Provide for career

paths in the word processing field. Explain to all

personnel that the incoming system represents a new t .d
challenging career path. Dispel! all notions that the

workers are being replaced by machines.

At this stage, a feasibility study may prove most
4 beneficial. Thsre may exist several goals, many of which

are not compatible. A faisibility study will prove helpful
in determining which goals are most zealistic. Other goals

are not necessarily eliminated. They may instead be shifted

from a sho:t or intermediate type goal to a long range one.
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3. Plan of Action

Now that the organization is totally familiar with
its present situation and has established some direction and

goals for the end result, it must decide on a plan of action

to get there. This is the area where many organizations

LNfail. From exhausting literature research and reviewing the

results of many implementation procedures, there is often

one factor missing from a carefully designed plan of ac-ion.

Many organizations fail to place adequate emphasis on the

q development of an organizational interface with the system

designers. Instead, they often place their trust in consul-

tants or manufacturers' representatives to decide upon,

design, and install word processing systems that are

perfect for their particular situation. Many small organi-

zations, with very limited resources, have no other choice.

This plan of action is not always a poor one, as who else

would know more about a system's characteristics and capa-

bilities than the company that designed it or a consultant

who has years of experienze working with it. Most large

organizations have a choice.

It would be foolish to believe that one person from

the organization could learn everything there is to know

about word processing systems in a relatively short period.

It is equally as foolish to believe that the same individual

could not learn enough about WP to work with the manufac-

turers or consultants. rhis person or persons must acm as

the interface between tha organization and the companies

interested in sqlling and installing a system. Previous

chap~ers have stressed the importance of productivity

factors, ergonomics, and meeting the requirements of the

organization. Someone must be educated in these areas in

order to ensure the system purchased is one that meets all

the established requirements. The same person or persons
8
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must also be familiar with systems that are presently in the

marketplace. It would not be cost beneficial to purchase an

additional 500K of memory that will never be used, or to

install a system or systems that are not compatible with

systems under future consideration.

The bottom line is involviag members of the organi-

zation in the overall plan. Personnel who are involved in

the process should know exactly what is required of them.

The assignments should be divided among all participants to

ensure everyone is wcrking towards the same goals. Everyone

should do his or her part. The use of consultants or manu-

facturers' representatives is not bad in itself. They often

provide a significant intelligence base. What is poo, is

when these individuals ire not provided with adequate

guidance or direction. Someone must keep the best interests

of the organization in mind. That someone should be a

member of the organization.

4. Section of the 5y§tem

Once organizational needs are determined, goals set,

and a plan of action decided upon, it is time to analyze the

systems that will meet the requirements and make a final

selection. Many systems have similar functions, and this
makes the final decision iaite diffirult At the same time

there are always cost constraints to consider. A particular

system may have that one lesireable extra function, but is

it worth the extra expense. At this point it is imperative

to consider areas such as organizational growth, system

compatibility, and produztivity. If the organization is
* gr;Jwing at a fairly stable pace, it may be wise to purchase

a system that will expand to meet this growth. How much is
increased productivity worth? Are managers making decisions
that require instantaneous information, or is a on or two

* hour delay acceptable? These questions are vary difficult
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to answer, but they shoul at least be considered. Cost

considerations and personal preferences will usually

preclude any one system from meeting all the needs, but an

organization should meet as many as possible in the most

effective manner.

'5. Syste Installati

While the selection process is taking place, the

question of system installation should alsc be answered.

For a small system, such as an IBM Magcard II, the installa-

tion itself is relatively simple. Installing a distribute

system which may connect several buildings or states would

be more difficult. Both have one thing in common:

personnel must bp trained to use then. Whether the manufac-

turer provides the training or the organization establishes

its own program is a criti-al decision. The survey at NPS

showed the importance of training personnel in the use of a

system. On the job training may work in some situations,

however constant interruptions often preclude the operator

from learning the system. It is important to establish time

schedules for bcth the istallation process and operator

training.

Secretarial and clerical personnel must be indoctri-

nated in the use and benefits of the new system. As the NPS

survey revealed, people are often skeptical about changes.

Their sense of jcb security is threatened. This attitude is

counterproductive to say the least and should be eliminated

as early as possible.

6. Measure S stem Performance

Does the system meet the organizational expections?

Only a well defined and properly managed monitor system will

answer this question. Onze again the actual users in addi-

tion to all those who benefit from the system can provide
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the necessary information. As the organization changes, the

word processing system should expand or contract to meet

these changes. Adjustments are always necessary. By

reviewing the organizational requirezents and system perfor-

mance, the organization will not be faced with the sudden

realization that it has outgrown its word processing system.

C. CONCLUSION

Determining the informational needs of any organization

and deciding upcn a word processirg system to meet these

needs is a time consuming process. It requires the assis-

tance of the organization involved. There is no such thinq

as a quick fix or overnight solution for word processing

problems.

This thesis has attempted to reveal some of the areas

that must be considered when contemplating a new or improved

system. The areas discussed here are as applicable to the

Naval Postgraduate School as they are to any large scale

corporation. The information is there which allows the

organization to determine its own needs, set its own goals,

and work with any outside help in determining the best

system for its specific needs. There is no single best plan

of action for successfully choosing and implementing a word

processing. There are no guareentees. The first major step

reguired, however, is establishing a firm committment on the

part of the enti:e crganizition.

8
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WORD M IZ N SU VE

WORD PRJCESSING SURVEY

1. This survey is bing conducted to collect

information to be us-ad in research aimed at studyJrg

the current and future word proressing requirements

at the Naval Postgraluate Schoo:l.

2. Word Processing may be defined as any automated

sysItem designed to cut cost and time of familiar

office routines such is dictating, typing/proofing/

retyping,, and distributing business documents.

3. The survey data will be converted to information

for use in research ma-nagement and will be included

in a written master's thesis. Di-stributi-on of the

results of the resear::h and the thesis will be

unlimited.

4. Participation in this survey is entirely voluntary.

Responses tc the survey are conflidential. Please take

your time and answer all questio:ns completely. Your

participation will bq greatly appreciated.
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Dept. t GS/Military Rate

1. Are you 2. How many words per minute

a. Female can you type?
b. Male

- 3. What is your educational 4. How many years have you been

level?(Indicate highest a falral civilian employee?

. completed) a. Less than 1

a. Some elementary school, b. 1 - 5

not a graduate c. 5 - 10

b. Completed elementary d. 10 - 20

school e. Over 20

c. Some high school

d. Graduated from high 5. Have you received any formal

school or have G.E.D. secretarial training?

completion certificate a. Yes

* e. Some college or b. No

technical training If yes, how much?

beyond high school

f. Graduated from college------------

(B.A.,B.S. or other

Bachelors degree) 6. What was you age on your

g. Some graduate school last birthday?

h. Graduate degree
' Ma er s, P h. D.

7. How long have you been in

your present job at NPS?

a. Less than 3 months

b. 3 - 11 months

c. 1 - 3 years

d. More than 3 years

88
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8. Please indicate the percent of your time during a normal
workday that you spend at each ac-tivity:

TASK PERCENT OF TIME

Dictation

General and statistical typing and

proofreading-

Filing

Telephoning

Mail

"Go-Fering" (go fcr coffee etc.)

General clerical work

Personal Time

Waiting for work

Other (please specify)

TOTAL 100%

9. What situations tend to hinder your work?

2. .

5.

.
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*10. What changes could be made to give you more satisfac-

t ion?

1.- - - - - - - - - - - - - - - - -

2.

3.

4.

11. What is the current turnaround for documents you are

required to type? (1-2 hours, same day, 2 days, etc)

12. Please list seasonal tasks and time required for

completion.

2.

3.

5. - - - - - - - - - - - - - - - -
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13. Which one of the following shows how much of the time

* you feel satisfied with your job?

a. Never b. Seldom c. Occasionally

d. About half e. A good deal f. Most of the

the time of the time time.

g. All the time

14. What are your intentions regarding staying or leaving

your present job situatuioa?

a. I definitely will leave -- I have submitted cr

will submit a letter of resignation.

b. I definitely will leave -- I have submitted or will

submit a request for lateral transfer.

c. I am leaning toward resigning or requesting a

transfer.

d. I am undecided at this time whether to stay or

leave.

e. I am leaning toward staying in my present job.

f. I definitely intend to stay in my present job

sit ua ti o n.

4.
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15. Which of the following best tzlls how you feel about

changing your job?

a. I would quit this job at once if I could.

b. I would take almost any other job in which I could

earn as much as I am earning now.

c. I would like to change both zy job and my

occupat ion.

d. I would like to exzhange my present job for another.

e. I am not eager to change my present job, but I would

do so if I could get another job.

f. I cannot think of any job fo: which I would

exchange.

g. I would not exchanle my job for any other.

16. Which one of the following shows how you compare with

other people?

a. No one dislikes his Job more than I dislike mine.

b. I dislike my job mach more than most people dislike

the irs.

c. I dislike my job more than most people dislike

theirs.

d. I like my job about as well as as most people like

theirs.

. e. I like my job better than most people like theirs.

f. I like my job much better than most people like

theirs.

g. No one likes his job better than I like mine.
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17. Choose the one of the following statements which best

tells how well you like yiir job.

a. I hate it b. I dislikR it c. I don't like
~it.

d.I am indifferent e. I like it f. I am enthus-

to it. _astic about
~it

g. I love it

18. What type of locuments do you type most?

example: Memos, Letters, Reports

2.
i-. 3.

5.

19. Which of the following typing dnd/or word processing

systems are utilized in your daily work? (If you utilize

more than one, pliase sDreciy__ the :)arcent of time used on

eac h)

1. Manual Typewriter

2. Electric Typewriter

3. IBM 1AG CARD I

4. IBM 1AG CARD II

5. Lanier LTE-3D

6. DEC dT/78
7. AM Varityper

8. IBM Displaywriter

9. SCRIPT FUNCTION (IBM 3033AP)

10. Other
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20. If you use more than one system (ie. electric type-

writer and Lanier LTE-3D) please sp-cify the top 5 reasons

from the following list as to why.

1. Physical proxiiity (too far to walk)

2. Nature of work (memos vs. text)

3. Set-Jp time of WP system

4. User Friendliness of system

5. Knowledge of system

6. System availability (system busy)

7. Response Time

8. Quality of priatsd output

9. Other

-21. Of the Word Processin; Systems available to you, please

list the features you find most beneficial/useful.

example: Ease of correction

S1. 5.

"2. 6.

3. 7.

4. 8.

Please list the features you diSlike or find least

beneficial/usef ul.

1. 5.
*6O- -- - - - -

2. 6.
3. 7.

4. 8.

9
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22. Frcm your experienze with wor-d processing systems,

please li-st in order of importance, the features you feel

are necessary to make the systam as responsi've to your needs

and/or user fri-endly as po)ssible.

examples: Video display of full page

Spelling correction

Usars manual

Texct manipulation (moving paragraphs/

ling s)

Quality printing

1. 5. -- - - -- - -

2. 6.- -- --

3. ____7.

4 - - - - - - - -- - - 8.- - - - - - - - -

PLEASE FEEL FREE TO PR3VIDE ANY ADDITIONAL COMMENTS

CONCERNING WORD PROCESSING SYSTEM1S/CAPABILITIES AT

NPS. THANK YOU ?OR YOUR ASSISTANCE.

le
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DnT4DUJCION

In order for managers to decide whether word processing equipment (WPE) is

cost effective, standards and guidelines for typing productivity mst be

*available.

To provide standards and guidelines for typing productivity to Federal

agencies, NAS €onducted a search for usable data regarding typing pro-

ductivity on WPE. This effort revealed that no validated productivity

data existed. Therefore, NAWS initiated the Keyboard Productivity Research

Project to compare the performance of typists on electric typewriters (ETW's)

with the same perf orance on word processing equipment in the production of

narrative textual material, which resulted in validated data that could

be used to establish standards. This puiphlet describes the methodology

used in the project and reports the results of the project.
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H1 RIOSE: The project compared the perforrnnce of typists on EI's with

that on WPE. The results were analyzed to establish a basis for developing

productivity standards for assessing the cost-effectiveness of several

categories of WPE.

*_UIME T USED: Two groups of ET's-standard ETW's (S/EN) and self-

correctixg ETW's (SC/ETW)-and three groups of WPE-stand-alone,
repetitive typewriters (VPE Category I); stand-alone, video-display word

processors (P Category II); and shared-logic word processors (VPE

Category III)-were used.

IEMD OLOGY: Statistical methods used for this project were developed with

the assistance of the Office of Personnel Management and the National Bureau

of Standards and were designed to produce a 95-percent confidence level for

each group of equipment. Each group of equipment was used by at least 30

participants (all participants were volumteers) except VPE Category III,

which is less widely accessible in Federal Agencies. The number of partici-

pants for all groups except VPE Category III resulted in the 95-percent

confidence level. The number of participants (15) using WP! Category III

resulted in a 90-nercent confidence level. The specific models of equipment

and the mber of participants in each group of equipment are shown in

figure 1.

TEST DESIGN: The material to be typed consisted of five sets of pretyped

copy. Each set consisted of two parts: (1) pretyped copy and (2) the

sme con with handwritten changes (all in the sume handwriting). The

" pretyped covy consisted of five pages of double-spaced narrative (25 lines

per page and 65 characters per line) on general interest topics.
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FIGURE 1.-GROUPS OF EOJIP {T IBM.

1. Standard Electric Typewriters (S/ETW's)

Adler. 21D
IEM Executive
IB4 Selectric

Number of Participants: 30

2. Self-Correcting Electric Typewriters (SC/EIW's)

Adler SC Olivetti Lexikon 92C
114 Selectric Ii Olivetti Lexikon 93C
Olivetti Editor 4C Royal 5000 CD

Nuber of Participants: 30

3. Stand-Alone, Repetitive Typewriters CWE Cat. I)

AB Dick Magna I II3 HM 77S
Ci' 4200 Redactron
IBM tag Card I Savin 900
I4 .Mag Card II Xerox 800
IM Mewory, Typewriter

Number of Participants: 32

4. Stand-Alone, Video-Display Word Processors M Cat. II)

AB Dick Magna II Lexitron 900
.a text 425 Lexitron 942
CPr 8000 Lexitron VT942
I04 6-430 Lexitron VT9000
IM System 6 Lexitron VT1303
Lanier 103 Linolex 4012
Lanier LTE 1 Micom 2000
Lanier LTE 2 NI system 1
Lanier "No Problem" Vydec 1200
Lexitron 92 Vydec 1400

Number of Participants: 42

5. Shared-Logic Word Processors 0QPE Cat. III)

Daconics Wang System 20
I3 2741 (ccamnications Wang System 30

terminal only) ordstrern MAI
Lanier ordplex
Unix

Nwber of Participants: 1S
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To measure the effect of textual changes on 'retyping or playback, the

handwritten changes in part 2 of each set were controlled variables.

Figure 2 shows how the amonot of change was varied in the pages of each

set.

FIGURE 2. -NLER OF PACES ON 1*1104 GIVEN MERS OF QIANGES WERE MADE.

Nwnber of Lines Changed Sets
(Per Page) A B C D E

4 ("Light" 16%) 1 1 S 0 0

8 C"sdiun" 324) .1 1 0 5 0

14 ("H1eavy" S61) ..... 3 3 0 0 S

The dispersal of changes was varied in each set. On sawe pages, the

changes were dispersed throughout the page; on other pages, they were

ccentrated in consecutive lines.
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ONSIDERATIONS IN .AMINISTERING TYPING SETS: To isolate the capabilities

of each group of equipment used, it was necessary to control variables in

the form and nature of input, the typing environment, operator skill levels,

and geographic location.

Form of Input-Pretyped copy was used for ease of reading and

for familiar and constant input. Longhand and dictation input

were not used because they introduce uncontrollable variables,

such as clarity of handwriting and skill in dictation techniques.

The abilities of each participant to interpret handwriting and

dictation in a consistent manner would have been impossible to

control.

Nature of Input-Narrative was used because it is the most conn

type of material produced in Federal offices. The narrative

material employed the full keyboard range, including numbers,

symbols, and umderlining.

. Typing Environment-Participants typed at their own work stations,

using equipment that they were accustomed to. Arrangements were

-. -made to avoid such interruptions as phone calls and covying duties

during the administering of the typing sets.

.COperator Skill Levels-The Office of Personnel Management stated

that, on the average, operators attain their level of proficiency

within 6 months of operating a particular nr comparable piece of

equipment. Figure 3 shows the number of participants for

different lengths of expetence.

. Geographic Location-All the typists were from the Washington, D.C.,

metropolitan area and were employed by the Federal agencies listed

in figure 4.
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FIGURE 3. -OPERATO)R EXPERI~4EE

Less Than 6 -11 12 Months
6 ?4onths Months or More Total

*Nwber 2.3 32 94 149

Percent 1s 22 63 100

'Experience means the amnount of time the particiiant had been using
* the equipment on which the material was typed, not the participant's

total typing experience.

FIGURE 4. -DISRIT ION OF TYPISTS BY AGM.1 OF BIPWYffY~
IN THE K4SHPrC&Te, X, 14fETrPLITAN AREA.

Aseny Nwer Percent

Agriculture. .. ... ..... ... 12 8.1

Air Force. .. ... ..... ..... 19 12.8

Ar~my. .. ..... ..... ..... 17 11.4

Commerce .. ... ..... ...... 33 22.1

*Federal Btweau of Investigation ... 9 6.0

General Services MAinistration . . 24 16.1

Health, Education, and Welfare ... 11 7.4

Veterans Administration. .. .. .... 24 16.1

Total .. .. .... ........149 100.0
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PMIDUNARY TESTING: Preliminary admuinistration of the typing sets

was conducted at the U.S. Office of Education to: (1) determine the

adequacy of the material in the typing sets, (2) verify the clarity of

the procedural instructions, and (3) substantiate the method of recording

typing time. The results were analyzed and necessary adjustments were

de to the typing material and acinistration procedures.

ACTUAL TESTING: NARS management analysts were trained to administer

the typing sets. Participants were assigned code numbers to ensure

nonyity. Each participant tyned all five sets of material. One set

was typed on each of 5 consecutive da/s. (Work schedules or leave plans

precluded this for sae operators.) The order in which the sets were typed

was varied, as was the time of day for typing each set, but at least one

set was typed in the morning and at least one other in the afternoon.

NARS observers recorded, to the second, the time taken to complete each

page of typing, including time for corrections and for making equipment

settings, but not for unavoidable interruptions.

Part 1 (from pretyped cory). All participants typed the five pages

of copy, and in the process WPE operators recorded the material in

their machines' memory. All particiants followed their usual typing

practices, such as those for correcting errors (using correcting

tape, strikeover, white out, etc.). If, because of errors, a

participant chose to start over on a page, the throwaway page was

marked and attached to the back of the completed typing. Time

"lost" by such restarts was included in the total typing time.

Time lost by machine problems, routine maintenance (e.g., changing

ribbons), or unavoidable interruptions was not recorded.
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Part 2 (from pretyped copy with handwiritten changes). The second

part of each set was typed frwnediately after the first part.

Participants on ETIV's retyped the entire five pages; those on W~PE

retrieved the recorded pages and manually typed only the changes.

All participants were instructed not to correct any errors they may

have made in part 1 of the test unless the corrections were necessary

to incorporate the handwritten changes.

ANALYSIS OF TEST RESULTS: Each participant's work was proofread twice

and the number of errors and number of lines with errors (error lines)

were totaled. Each incorrectly typed or missing word or punctuat ion mark

counted as an error (no more than one error D~er word). Strikeovers were

not counted as errors because some participants normally used strike-

overs to correct errors. The following data for each participant were

entered on a computer: oerator identification number, experience level,

achine model identification, error-line counts, and typing times. Then

the following calculations were made for each participant:

Total Net Lines. The total numiber of usable lines was computed

by the formula M1N - TLT -EL, where:

1NL, Total Net Lines

TLT =Total Lines Typed

EL -Error Lines

The Productivity Rate (in lines per hour). The productivity rate

- . . .was computed by the formula PR - T 6, hee

X° 60•hee

PR - Productivity Rate (in lines per hour)
NL a Total Net Lines

IM4 - Total Minutes (to complete typing)

For example, the mean and standard deviation for Vt for participants

usig S/ETW's is shown in figure 5.
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FDINDWS: Figure 6 shows the productivity rate for each groLp of equip-

meit based on the data for original typing and for the specific change

rates of 16, 32, and 56 percents. Figure 7 shows a projection of the data

in figure 6.

1.
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FIGURE 6. -PRMJCrVrY RATES NEASURD IN NET LINES PER UR.

A. Original Typing

Percent of TpWriters WPE
Lines Typed 5/7w )U/Llv Cat I * Cat TI Cat III

100 170 186 172 158 158

* B. Revised Material

Percent of Tvvewriters WPE

16 229 241 384 582 498

32 219 240 326 442 389

S 6 211 219 240 311 266
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FIGURE 7.-PRODUCTIVITY RATES OF WPE COMPARED VITU SC/ETod's.

* LINES R HOUR
700

650.

600- WPE
Cat. II 582

550-

500 E III,'." Cat. III 8 "

450-
4 06442

400. WPE
Cat. 1 @384

350 -

%9326

250 N Q 66 °.""'"~~~~ -- 2424 0 "'...

SC/ETW 241 240
" ~~~200 

-" - "
20q_" 

186 LPH

150 " 15 8 LPH

100

16Z 32% 562 100%

d NUMBER OF LINES TYPED (KEYsOARDED)
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Becazse each typing set contained concentrated changes on some pages and

dispersed changes on other pages, productivity rates for both concentrated

and dispersed changes were derived from the data. Typing concentrated

changes on WPE involves fewer correction stops than typing dispersed changes.

The result is higher productivity rates for typing concentrated changes.

Approximately two-thirdi of the pages contained dispersed changes and one-

third of the pages contained concentrated changes. Figure 8 shows pro-

ductivity rates for typing dispersed and concentrated changes on the three

WPE categories of equipment.

FIGURE 8. -PRMICTIIV1Y RATE MSURED IN LINES PER HOJUR
FOR DISPERSED AND CONCeMRTED CHANGES.

Change WPE
Rate Cat I Cat II Cat III

16 percent

For dispersed changes 363 538 476

For concentrated changes 451 737 561

32 percent

For dispersed changes 317 438 376

For concentrated changes 374 4S4 427

56 percent

For dispersed changes 238 306 263

For concentrated changes 275 361 297
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The results revealed that, for original typing, SC/EN's outproduce all

fl other groups of equipment. For typing with changes or revisions, the

mst significant productivity increases occur when WPE Category 11 is used.

For example, the use of WPE Category II resulted in a productivity level

that was ZS4 percent of that achieved on S/FTW's when there was a 16 percent

change rate, and 241 percent of that achieved on k/ENW's. At the 32 percent

change rate, use of WVE Category II resulted in a productivity level that

was 202 percent of that achieved on S/ENW's and 184 percent of that achieved

on SC/ETW's.

Large WPE productivity increases occurred only in cases where revision

typing included a high percentage of unmchanged lines. As the percentage

of unchanged lines decreased, so did productivity.

The results also revealed that WPE does not reduce error rates for first-

time (original) typing. Original material produced on WPE had as many or

more errors than the same material produced on SC/EIV' s (see fig. 9).

FIGURE 9. -AEAGE ERRORS MR 100 LINES OF ORIGINAL TYPING

S/EW's .. .. .. ...... 21

SC/E's ... . . . . ... 16

WPE Category I. .. .. .... 18

*WPE Category II .. .. .... 16

WPE Category III. .. .. .. 17
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PRIWR CONCUSION:

As the percent of changed lines increases, WPE productivity

decreases to (and beyond) a point where it is less costly

to retype a page on an SC/EI'd than to revise it an WPE.
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.I STOGRAMS

Question 3:

What is your educational level? (indicate highest
completed)

Some elem. school a.
not a graduate

Elem. school b.
graduate

Some high school C.

High School grad., d. 3
or have G.EoD.

Some colle e or e. 18
technical a.n ing -

College grad. f.

"Some graduate g. 1
school g

Graduate degree h. i -

n
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Question 4:

How many years have you been a fedaril civilian employee?

*Less than 1 a. 3

1 to 5 b. ~I15

10 to 20 d. 4

over 20 e.)

0 101

n
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Question 7:

How long have you been in your present lob at NPS?

Less than three a,
* ~months__I

3 tol11 months b. 10

1 to 3 years c. 9

More than 3 years do 11117

-----------------1------
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Question 14:

which on of the following shows how much of the time you

feel saifed with your job?

Never a.

Seldom b.

Oc.casionally c. 12 6

About half the time d.6

A good deal of the e. ~
tine

Most of the time f. 12

All the time g. 2

10
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Question 15:

What are your intentions regarding staying or leaving your
present job situation?

I lefini tely will a. 5
leave (resignaticn)

I definitely will b. - 2 I
leave (transfer) I

-I a.m leaning toward c. -- 4 '
resigning or req.
a transfer

Undecided vhether d. 5
to stay or leave D

Leaning toward e. 6

Definitely intend ._ 9I

to stay
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Question 16:

Vhich of the following be'st tells how you feel about
changing your job?

I would quit at a*
once if Icould II

I would take almcst b.I
* any other job

I would like to cI 18
change jcb and occup.

I would like to d. 3 3
exchange my job for
another--

I am not eager to e. 1
* ~ ~ haga but would if

I cc get a nother job
I c-annot think of f. 16
any lob for which II
would change

I would not exchange g. 2
my lob for any other I

n
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Question 17:

Which one of the following shows how you compare with other
people?

No one dislikes his
--ob ore than Ii--i I . , islike mine

I dislike my job b. 2
much more than other ,1
people

I dislike m job co I
more than other
people I

I like my job about d. 9
as. ell as most people
like theirs

I like my job better e. 15
than most people like Ithe ir s

I like my job much f. I -15
better than other
people like theirs I

No one likes his job g.
more than I like mine
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Question 18:

Choose the one of the following statements which best tells
how well you like your job?

I hate it a. 

I dislike it b.

I don't like it c. "I 2
"°' i

I am indifferent d. 3
to it

I like it e. -- 15

I am enthusiastic f. kz. 7
about it

I love it g. 4

a
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