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MENTAL ACTIVITY STANDARDS IN CLERICAL OPERATIONS 

INODUC TION 

Miss Lazy pointing to Miss Smart said to Miss Slow, "Look at 
Miss Smart, I have never seen a crazier and more stupid girl than 

her." Miss Slow, rather sad, said in reply, "Why do you say so; I 

always thought that she is a nice girl." The conversation went on, 

but we are not interested beyond this, Some investigation in the 

office where all the three girls were working, revealed the foflow- 

ing information: 

1. All the employees in the office are on a time scale and 

are paid on a monthly basis. 

2. The three girls are drawing exactly the same pay, since 

all of them were hired on the same day. 

3. There is no system to measure the output of the individual 

or the group of employees. 

14. There is no incentive plan in operation. 

5. Miss Smart is a conscientious, very intelligent, very 

efficient, and hard working employee. 

6. iss Slow is a conscientious worker too, but she is very 

slow, and her general performance is poor in spite of her 

best efforts. 

7. Miss Lazy is very intelligent and efficient but extremely 

lazy, and naturally her output is low. 
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8. There are a few girls who are neither conscientious nor 

intelligent nor efficient. 

The above could be a representative picture of what may happen 

in sorne offices where there is no means to evaluate the performance 

of an individual or a group of employees. To an employer, Miss Smart 

is an asset. Our coimnon sense teils us she should be compensated 

for her greater efficiency and greater output. riss Slow and Miss 

Lazy also should be paid according to their performances, and there 

should be some relations in their pay on the basis of qualitative and 

quantitative output. H. F. Van Gorder has stated (ii, pp.l23-l2I): 

From 1900 to 19i30 the total number of offïce workers rose 
to 365% in contrast to an increase of only 7% in factory 
workers. Of major importance is the fact that office work 
ì! been exposed technical advances or controls 
applied so effectively to industrial processes. 

Richard R. Neuschel has further stated (29, pp.3-L): 

The 80,000 clerical employees in 1870 represented i per 
cent of the nation's workers. By the turn of the century, 
this percentage had risen to 2., by 1910 to Li.6, and by 1930 
to 8.2. Today, on the basis of the most recent census, the 
figure probably stands about 10 per cent and is still grow- 
ing. This means, in absolute fies, that of the nation's 
6o,000,000 workers, over 6,000,30 are engaged in clerical 
activities of modern business. 

This phenomenal growth of administrative labor, both in 
numbers and in ratio to production labor, gives us cause to 
inquire into the role that this group plays in modern busi- 
ness management. What function do these people perform, 
these 6,000,000 who, in a sense, neither "toil" nor "spin" 
-- these workers who neither produce their company's pro- 
duct nor sell it? 

The above statements are ver significant. In manufacturing 

industries the clerical workers as such do not directly contribute 
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toward production. Higher clerical cost on1 increases the cost of 

the producte. It is, therefore, a matter of primary concern to find 

out some neans to reduce the clerical cost without sacrificing the 

efficiency or the quality of service. Van Gorder in the above quota- 

tien has suggested the application of technical advanceirients a8 an 

effective means to solve the problent. The author suggests that the 

U5C of simple "time" standards will result in surprising economies 

and itproved control Ith a rn1nimu of cost. The application of 

time standards will produce substantial savings without any invest- 

ment cost in equipment. The object of this thesis is the development 

of such "tune" standards. 

Standardization is one of the many important phases covered by 

the germerai term "technical advancenents and controls." In offices, 

the use of clerical standards can be an effective aid in improving 

methods, reducing clerical cost, and obtaining bettor control. 

McDonough (2g, p.32) has quoted the following examples in emphasizing 

the potentialities of the clerical standards: 

The Actual Life Insurance Company accomplished a reduction 
of 3l in the number of employees after their office work 
was standardized and measured, 

Curtis Publishing Company's output for machine transcription 
increased from 1200 sq. in. per week to 1i200 sq. in. as a 
result of work count and standards. 

Wisconsin 'lectrc Power Company has been measuring office 
production since 1919 and today they talk in terms of about 
27% increase in productivity of workers whose activities are 
measured. 

The Tennessee Fatman Corporation's study of stationery and 



office upp1ies resulted in tandard that e1irinted 1O% 
of their stationery iteis and secured an average savings of 
12 in cost not to uiention the reduction In clerical expense 
of recording and handling euch stores. 

Another company set up paper standarde for qualifications 
such as writing, erasing, copies, permanency, durability, 
opacity, arti approximate number of copies per filing inch. 

We have standards in our company (Mr. McDonough, {anager, 
Office Services, T. J. Heinz Conpany, Pittsburgh, Penn.) 
for adding machines, calculators, duplicators, typewriters, 
bookkeeping !iachines, desks, chairs, rany stationery and 
office supply items, office color, office lighting and most 
procedures. 

In industrial processes, standardizations have been most 

effectively used, resulting in more production at lesser cost. 

The common procedures suggested by Barnes (2 , p.80-81, 119, 313, 

330) for establishing standards in industries are as follows: 

Procedures before establishing standards 

1. Improvement of work place. 

2. Improvement of tools and equipment. 

3. Better coordination of the processing activities to 
ensure unifor flow of materials and to reduce avoidable 
delays during processing and handling. 

lt. Standardization of work place, tools, equinent, and 
methods of processing. 

Actual establishment 01' time standards 

s. Measure of output of a fttrainedt individual or a "trained" 
group of workers by introducing an effective tool to 
measure the qualitative and quantitative output rated 
against a convenient predetermined unit of time. 

After establishment of 8tandards 

6. Training employees for the effective participation in 
work standardization program. 
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7. Recognition of the contribution of ari individual worker 
toward production and compensating proportionately. 

Items i to 3 of the above are accomplished by determing "one 

best method" within the scope of a particular study, on the basis of 

a complete operation analysis. Unless the work place, tools, equip- 

ment, and methods are standardized (item 14) the suitable standard 

for output cannot be determined since the performance of operators 

will vary due to variations of the work place, tool, equipment, or 

method. After measuring output (item 5), it is then necessary to 

train the employee in the iproved set-up till he can reach the 

established standard (item 6). To keep high morale of the employees, 

it is also necessary that every employee be compensated directly or 

indirectly according to his performance (item 7). Unless the whole- 

hearted employee participation is assured, no standards can be 

effectively used. Items 6 and 7 are therefore essential steps in 

successfully implementing standards. 

?ith modifications necessary to suit the particular type of 

work, aU of the above 7 steps aro needed for the effective appli- 

cation of standards for clerical operations. In this thesis, how- 

ever, steps i to 14 (before time standards) and steps 6 and 7 (after 

time standards) will receive only minor consideration. The con- 

centration will be on item S i.e. measuring output by moans of 

clerical "time" standards. 

In the foregoing discussion, we have seen necessary the 

repeated use of the term "standard" for the implementation of 
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technical advancements and controls both in industries or in offices. 

There are references to standard tools, equipment, work places, 

office supplies, furniture, office color, office lighting, and in 

addition, standards for measuring individual output. Yet another 

reference niay be made to the thesis title, "Mental Activity Stand- 

ards in Clerical Operations." Since this report is primarily con- 

cerned with the mental activity standards in clerical operations, it 
is necessary to discuss briefly what mental activity standards are, 

how they can be established, and how they are related to clerical 
operations. 

Technically speaking, for anything we do, there is some mental 

activity involved. Some mental activities we are so used to that 

we are not even conscious of the existence of such activity, for 

example all kinds of body movements. For others, however, we are 

quite conscious of doing something mentally for which there is 

no outward expression. An example of this is what goes on in 

our mind ahile reading or doing some mental calculations or when 
we are consciously thinking to solve some problems. While writing 

or typing or calculating by a calculating machine, although the 

actual job is done through the body movements, the mind is constantly 

working as well. This may be verified from the fact that the fatigue 
of an operator would be iuch less for the same set of physical 

movements involved in writing, typing, or calculating by a calculat- 

ing machine if it is not combined with the mental activities. 
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Another point which has been stated by Holmes (lL, p.8?) concerning 

the restricted body movements when combined with the senses may be 

mentLoned here. Holmes stated s 

In many cases the use of sense organ is in an advanced 
path of movements as compared to the use of the body members. 
The time interval to move the sense application from one 
location to another, together with the change in the nerve 
reaction, will often he larger in value than the body member 
movement time. 

The results of the experiments conducted by Huffrnan and 

McKerahan (is, p.12) at the Oregon State College Industrial ngineer- 

ing Laboratory which confirms with Holmes' observations are pre- 

seated below for comparison: 

Operations 

Colored Card Sorting Operation 

Sight-without sense effect (color) 
Sight-simple reaction (color) 
Sight-choice reaction (color) 
Uq No-God Gage operation 

Touch-wìthout sense effect 
Touch-simple reaction 
Touch-choice reaction 

Time in Minutes 

I O13LL 

.0192 

.0199 

. O13 

.O23I 

.0316 

The increasing time column shows that in both the sight and touch 

operations, the physical movement time increased as the mental 

activities increased. 

The use of the words '1mental activity" in this thesis is 
according to the popular conception which includes activities like 

reading, writing, typing, and calculating involving both mental and 

physical activities necessary in clerical operations. The time 
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values for variou8 activities used in this report are time values 

f or mental activity, time values foe' physical activities, and time 

values for combined mental and physical activities. 

The mental activity standards in clerical operations can be 

established by taking into account all the mental, physical, and 

combined mental and physical activities involved in a particular 

operation. AU clerical operations require mnental activity either 
preceded, followed, or done simultaneously with physical activity. 

A simple example in the form of a chart is presented on pago 9 to 

show this and also to show how mental activity standards can be 

established. 

In controlled or restricted movements, the physical activity 

time is influenced by nental activities. In such cases, no clear- 

cut classification can be made. However, for analysis and study 

ourposes, such a classification is made in table 1. The various 

activities are placed in the column that seems to have the greatest 

influence on the normal time of that activity. 
An office worker is required to copy a note in longhand. She 

is already seated ori a chair. The sequence of the various activities 

wUl probably follow the pattern shown in table i (page 9). 

To determine the nonnal time for this operation it will be 

necessary to find the time required by an average worker with normal 

efficiency to perform each activity involved and to add them up. 

The normal time of mental activity, writing, can then be expressed 



Table i 

Activities involved in the writing operation 

of copying a note in longhand 

Physical activities Mental Combined physical and 
activities mental activities 

i. Position note 
2. Position paper 
3. xtend right hand 
14. Grasp pen 

s. Bring pen onto the 
paper (left hand 
holding raper which 
does not affect the 
total cc1e time). 

6. ---------- Readafew 
words. 

7. ---------- Memorize 
8. Shift fixation of 

eye on the paper 
9. Position pen 

10. ------------------ rite whatever has been 
memorized 

These activities will be repeated till the copying of the note 
is completed. 

il. Put away pen in 
the or1inal place 

12. Put away note 
13. Put away paper 

as time required (in day/hour/minute/second as selected) for copying 

a note of so many letters or words With clear indication of the 

nature of the materials of the note such as contents and longhand 

or typewritten. 



The common practice in order to establish a similar standard in 

most of the modern offices aay be a limited uso of synthetic time 

values, stop watch time study, on the basis of historical data 

or guessing. It may be pointed out here that ali of the above 

methods aro used to determine both normal time and standard time 

standards. The normal time standards may be used to compare the 

output at any time of the day whereas the standard time standards 

are used to measure the output of the whole working day. The ulti- 

mate purpose of this report is to indicate an approach for building 

clerical standards (norma]. and standard time) synthetically which 

could be used profitably by offices of different categories. 

In order to establish clerical standards synthetically it is 

necessary to split every operation into smaller elements for which 

8ynthetic data is available or can be established. In the above 

example, the operation writing has been shown in its elemental fo. 
For most of the physical activities which we might come across in so 

far as the clerical operations are concerned, the industrial engi- 

neers have already established synthetic data or predetermined 

standard time values which have been quite successfully used. The 

study of the current literature, however, revealed that there is a 

lot to be done regarding synthetic data for mental activities as 

involved in clerical operations. A few mental activity standards 

suggested in this report may be effectively used to fill in this 

void to some extent. 



Chapter V of this report, Development of Synthetic Formulae 

for Reading, Writing, 'ping, and Calculating, will be devoted to 

show the procedures of establishing synthetic formulae for mental 

activities from the data available at present. 

The clerical operations involving mental and/or physical 

activities are too numerous to he treated in this report. The 

author, therefore, aims to t.reat the most common types of clerical 

operations which involve any one of the four major mental activities. 
These four mental activities are: (1) reading; (2) writing; (3) 

typing; and (1k) calculating. 

The materials used in this report are from the current litera- 

ture and in addition from the materials obtained by sending general 

circular letters to 70 organizations directly. 

The treattent of the subject in this report is in the follow- 

ing order: 

I Reaction to the general circular letters. 

II General trend and problems associated with the clerical 
standards. 

III Units of measurement for mental activities. 

Iv Compilation of a'vilable data for mental activities. 

V Development of synthetic formulae for reading, writing, 
typing, and calculating. 

VI Validitr and the limitations of the synthetic formulae. 

VII Effect of working conditions on clerical standards. 

VIII Conclusion and recommendation 
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CHAPTER 1 

REACTION TO THE GENERAL CIRCULAR LETTERS 

Iritroduc tion 

General circular letters (exhibit I, page lb) were sent to 9 

offices and 11 associations and re8earch organizations, in order to 

find out what data for nenta1 activity tandrds are being used by 

various office8. Out of 70 organizations only one has forwarded the 

specific details asked for. Although the general circular letters 

did not help niuch to obtain the specific data, the responses, how- 

ever, have disclosed very important information. These letters have 

revealed the attitude of different offices toward clerical standards 

in general. The attitude of various offices is an important guide 

in suggesting fortuulae for mental activity standards because the 

offices are going to determine the usefulness of the formulae being 

suggested in this report. 

The inforaation obtained through the general circular letters 

ja presented in this chapter in the following manner: 

1. Results of the survey through the general circular letters. 

2. Probable reasons why enough data were not available. 

3. IWenty quotations from some of the lettera received. 



OREGON STATE COLLEGE 
SCHOOL OF ENGINEERING AND INDUSTRIAL ART. 

CORVALLIS, OREGON 

DUAR1'MCNT Or 
INDUSTRIAL ENGINEERING 

& INDUSTRIAL ARTS 

Dear Sir: 

CURRICULAR PROGRAMS IN 
INDUSTRIAL ENGINEERING 
INDUSTRIAL ARTS EDUCATION 
PRODUCTION TECHNOLOGY 

win yo cooperate with Oregon State College in carrying out a graduate program 
Concerning 'the study of Mental Activitie8 in Clerical Operations?" The scope of my 
thesis concerns the analysis and comparison of the various established skill levels 
for clerical work that contains the following four specific mental activities: 
1) reading, 2) writing, 3) typing, LL) calculating. Since very little data is pub- 
lished in current textbooks, Journals and periodicals my principal source of infor- 
nation will come from organizations which have already done outstanding work in 
standardizing various clerical activities. 

Our aim will be to analyze in detail, representative time studies from several 
companies. The average mental activity element times will. be compared with synthetic 
standards which will be based on the psychological and physiological laboratory 
tests. All information furnished by you will be kept strictly confidential. A smi- 
lar request is being sent to a large number of organizations in order to have a con- 
parative picture of the standards being used by various organizationE . After the 
completion of the thesis you will receive a "coded sumrnary.° The study will snow the 
relative position of your Standards compared to the synthetic standard and to the 
average of the participating companies. 

To aid us in the study, copies of the clerical time standards that you submit 
should contain the following information: 

1. A detail element description of the clerical operations irvolving read- 
ing, writing, typing, and calculating. 

2. A description of the workplace preferably with a sketch, the type of 
machine used, age and condition of machine and acces3ories. 

3. Personal time, unavoidable delays, fatigue allowance and other allowances 
used. 

¿4. Frequency and the intensity of each operation. For example, is the opera- 
tion performed 2 hours a week or is it performed 80 hours a week (2 
operators working full tine)? 

;. Dees the average operator meet the standards? Are financial incentives 
used? 

I sincerely hope that you will be able to forward copies of three or four of 
your time studies for our analyses. We would appreciate any additional information 
or any potential sources which, in your opinion, are pertinent to the thesis. 

Approved by Very truly yours, 

Wm. Er,gesser 

Chairman B. Chakraborty 
Industrial Engineering Dept. Graduate Student 

Oregon State College, Corvallis 

Please address all correspondence directly to the writer 

i'xhibit i 
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Results of the Survey through the 

General Circular Letters 

The result of the survey through the general circular letters 

is presented in table 2, page 16. The first column of the table 

shows the nuraber of companies contacted, classified according to 

the types of standards used by then arid the nurnber of associations 

and research organizations to whom generai circular letters were 

sent. The second column of the table shows the numbers of column i 

in per cent of the total number of letters sent excluding the 

associations and research organizations. Column 3 of the table 

sho in per cent the number of coiipanies replying, excluding the 

associations and research organizations. 

Thirty-four and five-tenths per cent (total of items 3, , and 

s of column 3 of the table) of the companies that replied use 

clerical standards set by time study. Twenty-three and two-tenths 

per cent (item 2) of the companies that replied use clerical 

standards based on estimates or past records. The total number of 

companies using some kinds of standards are 57.7 per cent (31.5% + 

23.2%) of the total companies replied. Forty-two and threo-tenths 

per cent (item 1) of the companies stated that they do not use any 

clerical standards. 



Results of the Survey through the General Circular Letters 

Classification of the No, of org. Per cent of Per cent of 
eotpanies according to contacted the offices the offices 
the types of standards contacted replied 
used 

1. Conpanies using no 
standards u i8.t b2.3 

2. Couipanies using 
standards based on 
estimates or past 
records 6 10.1 23.2 

3. Companies using 
standards based on 
measured overall 
operation times 1 1.7 3.8 

13. Companies using 
standards based on 
eleiienth that are not 
well defined S 8.3 19.2 

. Companies using 
elements that may 
be converted to 
formulae 3 5.7 11.7 

6. Associations and 
research org. who 
replied but did not 
furnish pertinent 
information * 

8 - - 

7. Associations and 
research org. who 
did not reply 3* 

8. Companies did not 
reply 33 S.8 - 

TOTAL 70 100.0 100.0 

*Not included in the percentage calculations. 
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Probable Reasons Enough Data Were Not Available 

The result of another raore extensive survey is presented for 

comparison with our survey. A survey of I.00O of the best offices 

in the country disclosed results of their applications of time 

standards to clerical works. Savings (presumably net clerical 

costs) range from 10 to 33 per cent. The experience of the corn- 

panies indicated that 60 to 80 per cent of all the office tasks are 

measurable (17, p.28). The result of our survey shows that out of 

the companies that replied, per cent use time standards and/or 

standards based on the past records. The offices to whom letters 

were sent may or may not be of the same status of the ¿OOO of the 

best offices, but they were offices such as banks, insurance corn- 

panics, and large offices handling consderahle amount of repeti- 

tive and highly repetitive clerical operations. It may be pointed 

out here that the application of tìne standards is most effective 

and profitable in cases of repetitive and highly repetitive opera- 

tions. 

Fifty-five and eight-tenths per cent of the total companies 

contacted did not reply. It is felt that if personal contacts were 

possible, instead of contacting through general circular letters, 

bettor responses would have been obtained. The reasons they did not 

reply could be some of the following: 

1. Usual reaction to a general circular letter. 
2. They did not have regular roc orda of measuring output. 



3. They do not believe in the usefulness of the mental 
activity standards as they are or in the iight of the 
size of their outfit, 

b. The contents of the general circular letter were too 
technical. 

. Reluctant to part with the information accumulated at 
considerable expense and through years of experience. 

6. Due to shortage of time, the follow-up of the letters 
was not possible. 

While items 1, , and 6 are of general interest, the items 2, 

3, and b are valuable information for this report. Although 31i.S 

per cent of the companies replied used time standards, only 5.7 per 

cent (3 companies) used an element breakdown that fulfills the 

following thr basic requirements of a satisfactory element as 

suggested by Barnes (2, p.3b3). 

1. The elements should be as short in duration as can be 
accurately timed. 

2. Handling time should be separated from machine time. 

3. Constant elements should be separated from variable 
elements. 

Because of the above, the author suggests the use of simple and 

inexpensive formulae as against the elaborate process involved in 

setting clerical standards by synthetic time values or by stop watch 

time study. 



Twenty Quotations from Some of the Itters Received 

The purpose of presenting 20 quotations below from some o± 

the letters received is to accumulate a first-hand knowledge of 

what the various offices think regarding clerical standards and the 

accompanying problems. While further discussion regarding the 

general problems concerning the clerical standards will follow in 

Chapter II, the attitude of different offices may be summarized 

here. Eleven out of 20 actually use or favor clerïcl standards 

(quotes). to U). Only one out of 20 quotations considers "eiement 

standards as impractical (quote 12). Four out of 20 stressed the 

importance of the study *nd referred to the difficulties confront 

ing the problem (quotes 13 to 16), Another four organizations did 

not have any standards (quotes 17 to 20). The reason why the latter 
four have been included, is that two of them are tho top ranking manu- 

facturers of office machines of the world and the operations of their 

machines require all the four mental skills dealt with in this reprt. 

The other two letters disclosed that neither mental activity data are 

available nor are researches being conducted in England and Nether- 

lands, 

Companies Who Actually Use or Favor Clerical Standarde- 

1. While we recognize that there would be certain athrantages 
in having clerical standards in our comparr, we at 
present have none, and do not contemplate the development 

1Numerical sequence of citations below corresponds to numerical 
sequence of source material in Appendix I. 



of clerical tinte study data in the near future. In this 
regard, we are probably in the 8arne position as many 
other companies you may have contacted. You mentioned 
in your letter that the results you have received have been 
discouraging. I would rather suspect that thei would be, 
for although there has been much discussion on the subject 
of clerical work standards during the past few years, I 
have found in my experience that very few companies have 
actively engaged in the establishment of them. 

2. We have not established general tine standards on any of 
the operations ich you nention. However, a number of 
our departments work under our wage incentive plan nd 
individual operations in these departments have been time 
studied. 

3. To answer the question raised in point 5 of your letter 
we should relate briefly the background of standards in 
our company. When the standards were originally intro- 
duced they were used primarily to measure individual job 
performance. No direct incentives were paid, but it was 
understood in most instances that wage administration was 
influenced by the measurement attained as a result of the 
standards program. One of the prime ohjectons to this 
system was that the frequency of the operation was so 
short - that the operators were spending a disproportion- 
ate amount of time in recording what was done rather than 
actually producing work, . . . Another objection to the 
system emanated from a distrust of the standards esta- 
bushed. This contention was supported by the fact that 
some offices were using slightly different operating 
procedures, primarily because of differences in state and 
loca]. regulations. Where this occurred the standards DID 
NOT FIT the local situation and thus they were not utilized. 

For these reasons, we have eliminated to a large extent 
the measurement of individual ob performance and have 
substituted a plan which is more palatable for the operating 
people. . . . 'e stiU use time studies for procedure 
design and improvement, particularly in the area of cost 
analysis. Sample testing indicates a fairly good correla- 
tion between estimated and actual times. 

lt. Clerical and accounting performance standards in use by 
our Company are established by the "Observation Method," 
which we have found to be most practical. This method can 
be instituted and perpetuated with a minimum of effort 
and practically no ill effect from an employer/employee 
viewpoint, 
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. The accomplishments we are making in work simplification 
have not reached the stage of time study as such. It is 
our opinion that this company requires considerable atten- 
tion in setting up the most proficient systems and work 
flow that we can. At some future date we may go into the 
actual work measurement by use of time study and/or 
presently established standards. . . 

Since I wrote my graduate thesis at the University of 
Pittsburgh and had sanie knowledge of the specific subject, 
I appreciate the task which confronts you. 

6. i heartily approve of your research topic and have 
considered this an area for further study for many years. 
I believe clerical operations that are made up of specific 
mental activities that you have listed are measurable. 
This work area has been neglected for many, many years and 
control should be determined for it. 
Note: This company usos clerical standards. 

7. I am sorry to be unable to contribute since we do not 
use the type of elemental time standards to which you 
refer. 

8. i am sorry that I am not able to furnish such informa- 
tian as we do not use clerical time standards in our organi- 
zation. No time studies are made in our office work. 
Work counts are made in various departments in order to 
provide simple production standards, but more detailed 
analysis is not employed. 

9. Our company has never set up specific work standards for 
any of the positions in the company. While this informa- 
tion might be most helpful to us, it is not presently 
available and I am afraid we will not be able to furnish 
you with data you requested. 

lo. Ve would gladly make such information available to you 
if we have it, but the Department does not at the present 
time have any data on standards for "clerical" operations 
of the kind you are studying. 

li. As yet we do not have the information which you requested. 
Our job descriptions are brief and we have not taken any 
time studies. A more thorough program of job analysis 
is being planned, hut no detailed information is available 
at the present time. 
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Company Who Coniderø "Element" Standarda A8 Impractical 

12. It could be ared that clerical costs could be reduced 
by specialization of tasks and the use of standards. e 
are not convinced, h3wever, that thia la the ease. It is 
our opinion that the increased interest in the job created 
by various tasks, together with the greater sense of 
participation and accoinplishuient which results from per- 
forming a coraplete assignment rather than a sivafl piece of it, is sufficient to result in as good an overall efficiency 
as can be achieved by more intense specialization. 

Organizations Tho Stress the Importance of the Subject 

Refer to the Difficulties Confronting the Problem 

13. I have been trying to think how I could answer your 
October 2 letter and give you some concrete help. You 
are digging around in a field which is very important, 
but in which there has been comparatively little work 
done. 

1h. Frankly, I have sorne misgivings about your chances of 
finding much information involving the use of mental 
skill level studies in clerical operations. There are a 
ntunber of articles on the subject but I am not surprised 
that you have had difficulty getting case studies. 

15. Unfortunately, in the timing of clerical work involving 
considerable aental effort, it is difficult to measure the 
degree to which the mental ay be slowing down the physical 
activities involved. Another problem is that the volume 
of work to be measured in large companies using such 
measurement precludes the writing of descriptions of each 
element of the work to the extent that wbuld be required 
to effectuate the purposes of your research. 

16. Your letter requesting information on mental thinking 
standards is an almost impossible one to answer. I have 
spent some time with office managera and per6onnel psy- 
chologists in the past few years on problems of setting 
standards for clerical activities. The activities are 
so variable and the mental and physical requirements are 
so intertwined that estimates would be quite difficult. 
Nevertheless I must add that many offices have standards 
regarding output. 
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Organizations Who Do Not Have Standarde 

17. Although it is our policy to cooperate, where we can, in 
such projects as yours, the materials that you request 
are not available. 

In reference to your appended question as to the "mental 
thinking time standards" for various Underwood machines, 
I do not know of any studies that would indicate such 
standards. 

18. I regret to inform you that IBM cannot be of assistance 
in your study because we do not have timo studies or 
standards for any type of clerical operation. 

19. I must apologize for the delay in replying to your letter 
of 22nd April. This has been occasioned by the fact that 
I have been in touch with my colleagues in the Office 
Management Association to see if any of us could be of 
assistance. I regret to say, however, that I can find 
no one who has made the study of Mental Activities in 
Clerical Operations and therefore no data is available 
in this country concerning mental thinking time 
standards. 

20. e apologize for the delay in answering your letter of 
27th April. The extensive enquiries we made in all 
possible directions in order to find out whether the in- 
formation you asked for was available in our country took 
rather a lot of time. In spite of our efforts, however, 
we were unable to unearth any information that would be 
useful to you. Although Dutch industry is aware of the 
fact that in many operations the mental thinking time is 
a very important factor, apparently no research has been 
done on the subject and as far as we were able to find 
out no standards for mental thinking time have been set 
up. 
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CHM'ThR II 

GENERAL TREND AND THE ROBLE11S ASSOCI.1D 

WITH THE CLERICAL STANDARDS 

The resulta of surveys and the recent publications discussed 

in this chapter shaw the general trend of more and more offices 

using clerical standards as a moans of reducing cost arid better 

controls. 

The discussions of the general problems associated with the 

clerical standards reveal that there are four basic needs of clerical 

standardization procedures. Those four basic factors ares (1) 

flexibility of the formulae; (2) ease of understanding; (3) 3 coit 

and accuràcy; (13) employer-employee relations (no ill effect). 
The materials presented in this chapter are in the following 

order: 

1. General trend toward clerical standards. 

2. General problems associated with clerical standards. 

3. Basic needs of effective clerical 8tandardization 
procedures. 

General Trend Toward Clerical Standards 

In 19h9, only six per cent of all the clerical workers in the 

country were working under measured conditions (17, p. 26). This 

extremely low figure as compared to the survey quoted below and 
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our survey is understandable since this survey (although the 

details are not available) not only included the best and larger 

offices but medium and sall-sized offices as well. Besides it is 

presumed that this survey night have included clerical activities 

of such non-repetitive nature that the establishment of standards 

for them is not economical. 

Last April (l95l), Atlanta Chapter's Iteseareh Committee of 

N1A conducted a survey, covering 3,952 office clerical employees, 

devoted to nieasureinent and control of office work ( 9 , p.l3). The 

findings showed that in 61 per cent of the reporting companies, 

standards are used for measuring clerical performance. This 61 per 

cent was broken down this way: banking - 80 per cent; insurance - 

so per cent; manufacturing - 33 per cent; and miscellaneous - 61 per 

cent. The survey further revealed that out of the reporting com- 

panies 77 per cent uso job evaluations, and per cent use perform- 

ance statistics. 

The result of our survey showed that 57.7 per cent of the 

companies that replied use some kinds of clerical standards. As 

already mentioned, it is thought that better results would have 

been obtained if personal contacts were possible instead of 

general circular letters. 

The results of the above surveys and table 3, page 26, show- 

Ing the number of publications from 1919 to l951 reveal that there 

is a definite trend toward companies accepting more and more 
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Table 3 

Number of Publications Contributirìg Toward Clerical Standards f roni 
1919 to 195L Taken From The Reader's Guide, Industrial Arts Index 

and NLA Bibliography 

Reader's Guide* Industrial Arts Index* N Bibliography 

Date Number Date Number Dato Number 

1919-20 12 1921-2 6 Feb. l92 iii1 
1929-32 12 1930-31 78 Feb. 1953 1281 
1932-35 11 193w 
1939-iii 12 191O 80 
191-17 22 l915 83 
191-S3 143 l9SO 121 
1953-514 25 1951 1140 

19514 28 1952 99 
1953 1214 

__________ _________ 19514 160 __________ _______ 
*Includes articles published under business management, efficiency, 
motion study, office, standard, and time study which raay likely 
contribute toward clerical standardization. 

Total number of articles published. 

clerical standards as an effective ueans of control, The acceptance 

will be still faster if the basic problems involved in the clerical 

standardization are attacked from a practical point of view. 

General Problems Associated with Clerical Standards 

In order to understand the general problems associated with 

clerical standards, it is necessary to know: 

1. The different methods used to set clerical standards. 

2. How the clerical standards are set by different methods. 

Different methods for clerical standards. Several different 
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methods used are: 

a. Gues6ing. 

b. Estimate based on the number of personnel. 

e. Estimate based on the past records. 

d. Estimate based on current individual or group performance 
work counts. 

e. Stop watch time study of the overall ooeration. 

f. Stop watch time study of each element of the operation. 

g. Building standards by synthetic data (published or 
purchased). 

h, Micro-motion fiLn. 

!2.! clerical standards are set different methods. The suc- 

cens of the standards set by guessing is unpredictable. The esti- 

mates based on number of personnel and past records of the work 

counts should be more satisfactory than guessing in a particular set- 

up. But no two offices are the same and therefore standards set by 

one office on the basis of b and e may or may not be applicable to 

another office. Since in this report, better and more scientific 
means of measurements for a wide range of offices are proposed, the 

items a, b, and c are not considered in detail. For others, the 

fundamental difference is how the standard time for a particular 

operation is calculated. Otherwise, they all should have the 

following common procedures: 

1. written standard practice for "one best method," layout 
of the work place, and tools. 
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2. Indoctrination of every individual concerned from the 
top and right down the line before any study i under- 
taken. 

3. Thaining of eo1oyees in 'tone best iethod." 

I. Follow-up for further improvements. 

In calculating standard time for any operation, the procedures 

followed in dìfferent tethods are discussed be1: 

Trial lot work counts. This is the simplest method. The trial 
lot of current representative works is selected and the quantity of 

output is rated against time. From this information, then, a 

workable standard may be developed. 

Stop watch time study for the overall operation. The time study 

man watches the operator performing the particular operation under 

study. Through experience, the time study man applies his judgement 

to rate the operator on the basis of his preconceived standard. 

With a stop watch, he determines the time taken by the operator 

for one cornplete cycle of the operation. Several studies are made 

in the same manner for the same operation. The actual time deter- 

mined by stop watch is then converted to normal time by multiplying 

with the corresponding rating factor. The product of the normal 

time and the allowance factor is the standard time (, p.89). 

Stop watch time study of each element of the operation. The 

principle is the same as the stop watch time study of the overall 

operation. In this case, each operation is broken down to several 

elements. The standard time for the operation is the total of the 

standard times for each element (2, pp.3Ltl-3S0). 
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Building atandards synthetic data (published or 

chased). In this case, the elements of a particular operation are 

further broken down to fundamental body movements. The normal time 

for one cyclo of the operation is calculated by adding synthetic 

data or predetermined time value for each 1\ìndaenta1 body movement 

involved in the operation. The standard time is, of course, deter- 

mined in the same marmer described above, i.e. the product of normal 

time and the allowance factor (1)4, pp.279-361). 

Micro-notion film. A motion picture for the entire operation 

to be studied is taken at a predeteriained speed, usually 1000 frames 

per minute. The motion picture is then analyzed in the laboratory 

to determine the standard time in the same manner as the stop watch 

time study of each element of the operation except that the actual 

time is determined by counting the number of frames (each frame 

represents .001 minute) instead of reading the stop watch. (2, p.111) 

General Problems Associated with the Clerical Standards 

From the above discussions and the contents of the 20 quota- 

tions presented in the previous chapter, it may be inferred that 

the general problems for different offices for clerical standardiza- 

tian are as follows: 

1. Cost of hiring specially trained personnel for the 
specialized job involved. 

2. Arrangement for considerable initial investaent without 
immediate return. 



3. Accommodation of elaborate arrangements for the clerical 
standardization process. 

Ii. To encounter resentment of employees and their supervisors 
in the initial stage. 

S. Consideration of the reaction of employees working under 
measured conditions as against the employees not working 
under measured conditions. This is mentioned because there 
may be some clerical operation for which standard may not 
be economical. 

6. Analysis of the effect of volume of work on standards. 

7. Analysis of the effect of mental activities on the 
physical activity time. 

8. Investigation of the effect of a large riety of works. 

9. Determination of the breakeven point of the investment 
on the basis of items i to 8 and the life of the jobs to 
be studied. 

Basic Needs of Clerical Standardizations 

In the light of the above, the four basic needs of a satis- 
factory clerical standardization program are: 

1. Simple in understanding - the formulae should be so 
simple that the existing officers of any company can 
understand them without any specialized training. 

2. Inexpensive and easy to apply. 

3. No ill effect in the employer-employee relations. 

I. It should be "reasonably" accurate and flexible enough 
to compensate for variety of work and changes in volume. 
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CHA.?TER III 

UNITS OF MEASUREMENT FOR MENTAL ACTIVITIES 

Introduction 

To establish any standard, the very first thing required is to 

determine a unit, a yardstick, to measure objectively the various 

qualitative and quantitative factors involved. For mental activities 
such as reading, writing, typing, and calculating, the units or 

some criteria for the qualitative and the quantitative measurements 

are as follows: 

Qualitative 

1. Some criteria to compare the nature of materials to be 
handled, such as difficulty and legibility. 

2. Some criteria to ieasure the quality of performance. 

Quantitative 

1. Units to measure the quantity of materials handled. 

2. Units to measure the elapsed time for handling a certain 
quantity of materials. 

In line with the above, the various units presently used for 

four kinds of mental activities and their tierits and demerits are 

discussed in this chapter. 

For the measurement of the physical activities involved in 

clerical operations, the following units are necessary: 

1. Units to measure the distance of the body movements. 

2. Units to measure the elapsed time for the body movements. 
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These are discussed in the latter part of this chapter. 

Units of ieading 

The units for the measurement of the quality and the quantity 

for reading are discussed below in the same order as stated in the 

introduction of this chapter. 

Qualitative. In order to choose suitable criteria to compare 

the nature of materials to be handled, it is necessary to consider: 

A. Difficulty of the reading materials. 

B. The legibility of the material to be read. 

C. Criteria of the quality of performance. 

A. Criteria of reading difficulty. The difficulty of the 

reading materials is so variable that it is hard to select criteria 
for comparison of the difficulty of all types of materials. Besides, 

the background, training, native intelligence, and reading skill of 

the reader will also influence the criteria. Horace Judson (18, 

pp.vli-x) in his "The Technique of Reading" prescribed for the 

freshman for effective reading, has mentioned difficulty level #1 

to difficulty level #10 for reading materials presented in that 

book, He has described the article "War for Total Stakes" by Hans 

J. Morgenthau as difficulty level #1; "Government Control in the 

Economy" by A. ?. Burns, A. C. Neal, and D. S. atson as difficulty 
level ; and "The Revolution of 1328v' by John D. Hicks as difficulty 
level #10 and so on. BusweU , p.521) has mentioned three 
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difficulty criteria such as reading light fiction, reading the 

New York Titues, and reading Scientific American. None of these 

criteria seem to be suitable for reading in offices since the 

materials processed there are quite different. 

Horace Judson (18, p.377) in describing the nature of reading 

materials in business has stated: 

Business reading has few special characteristics. For 
the most part such reading is of average difficulty, iade up 
of articles, memorandums, reports, correspondence, news- 
papers, and an occasional book. The subject matter of this 
reading will usually be faniliar to the reader; only when a 
legal article or technical report crops up will he have to 
concern himself with acquiring a background for understanding. 
The sentences and paragraph habits of business writers are 
extremely uniform because writing style is not their primary 
interest. Sentences will almost invariably be simple and a 
topic sentence will be the first sentence in a paragraph. 

The above quotation very well covers the reading problems in 

business offices and on the basis of this, thon, the criteria of 

reading difficulty in business offices may be as follows: 

1. Waterial of average difficulty. 

2. Legal articles. 

3. Technical reporta. 

The routine correspondence in the office according to the 

above criteria may be considered as material of average difficulty. 

Whenever legal articles or technical reports are involved, the 

reading standards should be adjusted accordingly. This is particu- 

larly important because for obvious reasons, the reading rate for 

material of average difficulty will be faster than reading legal 

articles or technical reports. 
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B. Criteria for legibility. The criteria for legibility will 

depend on: 

1. The effect of physical characteristics of the reading 

materials on the physiological capacity of the reader. 

The physical characteristics as mentioned by Barker 

( i, p.??) are size and shape of type such as boldface, 

Italics, and capitals, color of page, print, and size of 

margin. The effect of the working conditions plays such 

an important part in clerical performances that it needs 

special considerations. While chapter VII has been 

devoted to explain the effect of working conditions in 

greater details, the mention of the effect of light in 

reading seems to be quite important here. Barnes (2, p.26b) 

has mentioned that four times as iuch time is needed to 

read under poor light as under excellent light. 

2. Legibility such as deciphering handwriting or reading 

typewritten or printed material. 

3. The skill of the reader. 

There are too many variables involved in choosing criteria for 

legibility of the reading materials Thile the academic value for 

choosing criteria for every variable cannot be denied, it will have 

little value in the practical use for complexities and expense. 

The criteria, therefore, should be simple and practical. Assuming 

the skill of the reader as average, with adequate light and satis- 

factory working conditions, the author feels that the following 
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criteria should be adequate for use in offices: 

1. Printed 

2. Typewritten 

3. Handwriting furthér classified as: 

i) Excel1eit handwriting 

ii) Satisfactory handwriting 

iii) Poor handwriting 

The above criteria are necessary since the reading speed will 

be influenced by them. For example, a reader would read printed or 

typed raaterials faster than handwritten, arid excellent handwritten 

faster than poor handwritten. 

C. Criteria of the quality of performance. Comprehension seems 

to be the only criteria for the measurement of the quality of the 

reading performance. Judson (l8, p.377) has mentioned, Efficiency 

is imperative in business reading because of its volume.1t To this, 

the author feels, may be added, "as well as the prestige and the 

financial loss of the organization involved due to poor comprehen- 

sion." The word "efficiency" has been used to express the speed 

and comprehension, While the units for the speed of reading (quan- 

tity in unit of time) has been discussed later, the objective 

measurement of comprehension in reading in an office does not seem 

to be quite practical. In an effective reading class, the instruc- 

tor usually asks the student to answer a quiz (normally covers 10 

questions) just after the completion of a reading assignaient. The 

quiz covers all the important points of the reading assignment. If 



the student answers all the questions correctly, his comprehension 

will be considered as loo per cent. For every wrong answer, 10 per 

cent will be deducted from 100 per cent and the comprehension ex- 

pressed in per cent will be what the student scores after the deduc- 

tion is made for errors. In an office, determination of compre- 

hension in the above manner seems to be almost absurd. The only 

other practical criteria could be the results and the subjective 

assessment of the supervisor. The subjective udgement of the 

supervisor, of course, will depend on results such as the correct 

or incorrect actions taken by the operator independently after 

reading certain material. This ob can only be done by the super- 

visor to whom the operator is responsible. The supervisor's 

assessment, therefore, is an important criteria. 

Quantitative. To determine the units for measuring reading 

materials, it ìs necessary to consider the following: 

A. Unit for the quantity of materials read. 

B. Unit to measure the elapsed time for reading a certain 
quantity of raaterials. 

A. Unit for quantity. The common unit of measuring the quan- 

tity of reading materials as used by everybody is page. The other 

unit used for this purpose is words (1, p.77 I, pp.21-S26; if;, 

pp.28-31k; 18, p.28; 3S, p.3). From personal interview with 

Professor Ludwig, Instructor in Effective Reading, Oregon State 

College 1nglish DepartAnent, the author understands that the word is 

counted without discriminating the size of the word. 
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The counting of words soei to be rather laborious. The author 

feels that the introduction of line or square inches as the unit of 

measuring reading materials will be much easier. This is suggested 

in the light of great improvements accomplished in the field of 

printing and for the fairly standard practices in typing. The sizes 

of type used, the sizes of the book printed have all been standard- 

ized, It may not be difficult, therefore, to determino the number 

of line8 printed in standard pages corresponding to the type and 

size of the printing materials. Likewise, standard, square inch 

per page of standard size corresponding to the type and size of the 

materials could be established. As to the typewritten materials, 

the unit square inch and line are already in use p,L82); the 

detailed discussion regarding this will follow in the "Unita of 

1'yping" section. The longhand writing varies from person to person, 

and therefore the only practical unit could be word. 

When a large quantity of printed or typewritten reading 

materials of the same nature is involved, the unit page could be 

used without sacrificing accuracy. The standard page could be 

defined by stating the standard lines or square inches it contains. 

Unit for time. Unit minute has been used by all the author- 

ities the author has come across (1, p.77; 1, pp.2l-526; 15, 

pp.28-3I; 18, p.26; 35, p.3). This seems to he quite satisfactory 

for office use for two reasons. Firstly, it can be safely 

assumed that any individual concerned in reading rate will 
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understand minute without any explanation. Secondly, the reading 

material handled by an office operator will be for a few minutes and 

will seldom run for more than to 10 minutes at a stretch. 

However, in case of operators having special duty such as proof- 

reading, the time standard could be hour or even day. In case of 

choosing unit 'day" it will be necessary to specify how any working 

hours make one woridag day for the particular office in which 'day« 

is used as a unit. 

Summary of all the qualitative criteria for reading is given 

below in table 

Table ¿ 

Qualitative Criteria for Eeading 

Difficulty - 1. Material of average difficulty 
2. Legal articles 
3. Technical reports 

Legibility - 1. Printed 
2. 1pewritten 
3. Handwriting - i) excellent 

ii) satisfactory 
iii) poor 

Comprehension - 1. Tests 
2, Results 
3. Subjective assessment of the supervisor 

Units of Writiflg 

Qualitative. The consideration for determining criteria or 

units for the qualitative measurement of the operation writing are 



exactly the sane as reading except that it is necessary to consider, 

in addition to the criteria shown in table 1, pane 38, the following: 

A. Accuracy 

B. Appearance 

Criteria accuracy, Accuracy may be measured as a per cent 

of the total quantity of the output or errors made as a per cent of 

total output (iS, pp.28-3b). 

Another unît used for measuring accuracy is errors made per day 

or week or month, compared with the predetermined allowable errors 

within the specified time (7, pp.882-883). 

The author feels that the first unit, the measurement of 

accuracy as per cent of output, is more specific and therefore the 

better of the two alternatives. He also feels that the second unit, 
errors per day or week or month is more practical. If the latter 
unit is used, it is observed, however, from the point of view of 

employee development that the time should be day for two reasons. 

Firstly, the shorter the time is, the better it S for the operator 

to take corrective measures to eliminate error. Secondly, it seems 

to be more practical since the minute is most certainly impractical 
and even hourly checking may not be quite practical. 

Criteria for appearance. There is no means to measure the 

appearance objectively. The practice of some offices is that the 

inspector applies her trained judgemnent, deciding that the written 
material is or is not up to the quality standard which has been 

decided previously (7, pp.882-883). 
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Quantitative. The units of eaurng output in writing are 

letter or word (38, pp.5O5-O8). The unit word in case of writing 

is specifically defined as a word consisting of five letters. 

These units are suitable and they can be effectively used. 

Units 2 TyPing 

Qualitative, The considerations for the criteria and the 

Uflit8 for the qualitative measurements of the operation typing are 

exactly the saine as writing except "appearance." In case of 

writing, the "appearance" will include quality of handwriting and 

neatness whereas in the case of typing, since the writing by type 

is the sarao, the emphasis should be on neatness and the uniformity 

of stroke. 

Quantitative. The various units used for ieasuring the 

quantity of typing and their uerits and deierits are discussed 

below: 

i) Stroke. The number of strokes made or number of 

letters printed (2o, pp.273). With a cyclometer 

(a counting gadget) attached to the typing machine, 

it is possible with practically no effort to measure 

the quantity of typing. There is, however, a disadvan- 

tage in using a counter in cases where the employees 

are on incentive and paid according to the reading of 

the counter. The counter does not show the acceptable 



and unacceptable performance of the operator and in- 

stead records any stroke made during the interval of 

two readings. On the other hand, to count strokes by 

any other means seems to be laborious and expensive. 

If the spoilage of work is insignificant (which by no 

means is common), then the unit stroke is the best and 

the most accurate, 

ii) Word. It is the most common unit used for measuring 

typing output and understood by all. The word is 

counted as eqdvalent to five letters irrespective of 

whether it is a complete word or part of a word (8, 

p.L82). It gives accurate results but is laborious 

and expensive like stroke. 

iii) Line. Although not widely used, the use of this unit 

seems to be comparatively easier and cheaper without 

the sacrifice of accuracy. A standard line is of six- 

inch length and contains 60 letters of pica tpe or 72 

letters of elite, as the case may be (8, p.W32). With 

any ordinary scale the total length of the typed 

material could be measured and then converted to lines. 

iv) Square inch. It is one of the less frequently used 

units. One square inch can accommodate 60 pica or 72 

elite strokes (8, p.h82). A transparent sheet of paper 

wîth one inch square divisions is placed over the typed 
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material to be measured. The quantity of typed materia]. 

is determined by subtracting the blank from the total 

number of squares covering the border lines of the typed 

material. This unit is the quickest and cheapest and is 

fairly accurate. 

In view of the above discussion, the author considers that the 

wider use of unit square inch for measuring tiping output is highly 

desirable. Although it is relatively new, some offices are already 

using this unit. 

Units of time. The general practice of using unit of tinte 

for the measurement of typing output is as folls: 

i) Stroke - Hour (28, pp.27-h3). 

ii) Word - Minute (3, p.1482). 

iii) Line - Minute, hour or day of specific number of 

working hours (8, p.1482). 

iv) Square inch - Minute, hour or day of specific number 

of working hours (8., p.1482). 

All these units of time go very well with the corresponding 

units of quantity of typing. 

Units for Calculating 

Qualitative, The units or criteria for the qualitative measure- 

ment of calculating are exactly the same as writing, namely: diff i- 

culty, legibility, accuracy, and appearance. 



43 

Unit 2 quantity. The calculating operations involve sorne or 

all of the operations adding, subtracting, multiplying and dividing. 

In order to determine the unit, first of all it is necessary to 

choose a unit for the size of the figures handled such as four 

digits or five digits or any other digit as required (2L, pp.783-809). 

After the unit of size of the figure is deternined, then the 

unit for calculating, i.e. adding, subtracting, multiplying, or 

dividing is and abstract number for each kind of operation. 

Units of time. The units used for calculating are minute, 

hour, or day of specific number of working hours. The widest use, 

however, is hour which is satisfactory from the point of view of 

control. A specific example of the use of units of calculating is 

adding 3000 four-digit checks per hour (page 61). 

Units of Body ovement 

To measure the physical activities involved in clerical opera- 

tions, the following two kinds of unite are necessary 

1. Units to measure the distance of the body movement. 

2. Units to measure the elapsed time for the body movement. 

Units for distance. There are three units used for body move- 

mente. o out of three, inch and foot, are used coimnonly accord- 

Ing to the magnitude of the body movement, The third unit is 

degree (lb, p.280). Examples of the use of the unit 'tdegree" are: 

turning of body through 90°, 1S°, 300; turning of head through 10°, 



200, and 600. 

Units of time. There arc juite a few units being used of 

which three major units, relatively simple to understand, are dis- 
cussed below: 

1. SET (Synthetic Estimated Time) or decimal second (36, p.$). 
i unit .1 second 

.001667 minute 

.0000278 hour 

2. Decimal minute (2, pp.163-172). Example 3.23, means 

3 minutes and 23 hundrt of a minute 

3. WJ (rime Measurement Unit) or decimal hcur (23, pp.1-221). 

i U = .00001 hour 

= .0006 minute 

The units SET AND 'iMU appear to be too complicated for many 

offices. While there arc definite advantages of SET and 'U units 

of time for research or special study involving precision measure- 

ment, the author feels that the unit that offices of various cate- 

gories can use at ease is the decimal minute. The unit of time, 

"decimal minut&1 for body movement, has been used in this report. 

General Comments 

The criteria for qualitative measurements varies according to 

the job. For example, while accuracy and appearance in an intra- 
office memorandum are desirable, it becomes essential in case of 

writing a letter to a prospective client or a customer. Likewise, 



for an accountant neatness is desirable but accuracy is absolutely 

essential. Besides, criteria like excellent handwriting, satia- 

factory handwríting, and poor handwriting in office situations can- 

not be absolute. Another point, reading handwritten material, may 

be mentioned here. It is an accepted fact that a reader would read 
excellent handwritten material faster than poorly written material. 

But how much the difference is going to be is not known. The 

qualitative criteria suggested in this chapter, therefore, would 

require adjustment according to the need of a particular office for 

a particular job. In this report, it is assumed that the reading 

materials are all printed or typewritten and the quality of per- 

formance is acceptable. 

Â summary of all the qualitativo and quantitative criteria 

mentioned in this chapter is presented in table , page I6, table 

6, page t7, and table 7, page ¿48. The criteria or units marked 

with (*) are used in this report. 
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Table 

Qualitative Criteria for Reading, "riting, ping, a Calculating 

A. Difficulty - 1. aterial of average difficulty* 

2. Legal article 

3. Technical report 

B. Legibility - 1. Printed 
ADING 2. Typewritten* 

3. Handwriting - i) excellent 
ii) satisfactory* 

iii) poor 

C. Comprehension- 1. Teste 

2. Results 

3. Subjective assessment of the 
supervisor 

In addition to A and B of reading 

D. Accuracy - 1. Errors in per cent 
WRITING 2. Errors per hour/day/week/moñth 

E. Appearance - 1. The assessment of the inspector 

In addition to A, B, and D of writing 

TYPING 
E. Appearance - 1. Neatness 

2. Uniformity of stroke 

In addition to B, D, and E of writing 
CALCULATING 

* A. Difficulty' - 1. Material of average difficulty 

*These criteria have been used in this report. 



it? 

Table 6 

Quantitativo Unite for Reading, riting, Trping, and Elatin 

Unit of quantity - 1. 
2. 

READ fl 
Unit of time - 1. 

2. 

3. 

Unit of quantity - 1. 
HANDNRITI 2. 

Page 
w ord* 

Minuto* 
Hour 
Day 

* Letter 
Word* 

Unit of time - 1. Minite 

Unit of quantity - 1. Strok 
2. 7ords 
3. Line 

TYPING 14. Square inoh* 

Unit of time - 3. inute* 
2. Hour 
3. Day 

Unit of quantity - 1. Number processed* 

CÄLCULÂTI Unit of time - 1. Minute* 
2. Hour* 
3. Day 

*These units have been used in this report. 



Table 7 

Quantitative Unis £2 21T OVem3flt 

Unit of distance - I. Inch 
2. Foot* 

Boer 3. Degree* 

Unit of time - 1. SET 
2. Decimal 

rninute* 

3. 1MU 

*These units have been used in this report. 
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CHAPR 1V 

CaPILATION OF AVAILABLE DATA FOR MENTAL ACTIVITIES 

Introduction 

The data available for the four kinde of mental activities are 

presented in this chapter. The comparable data obtained from 

various sources are shown under five headings, namelyz (1) read- 

ing, (2) writing, (3) typing, (Lii) calculating, and () body move- 

ments. These data have been accumulated from books, journals, 

periodicals, published and unpubliahed papers, and from data 

acquired through general circular letters. 

The inclusion of body movements is necessary since all clerical 

operations consist of physical and mental activities in different 

proportion according to the nature of the job. For the four kinds 

of mental activities being treated, it may be observed that except 

for reading, the rate of mental activities is limited by the physlo- 

logical capacity of the operator. For example, wlile writing or 

typing, an operator can read the tnaterials to be copied many times 

faster than she can manipulate the movements of her fingers, wrist, 

and arm. Although the writing is a mental activity, the determin- 

Ing factor in establishing standard t5ie is the time required for 

the physical movements. The establishment of the formulae for 

calculating shown in the next chapter will further reveal that when 



adequate data is not available, it is possible in many cases to 

establish formulae on the basis of fundamental body movements alone. 

The synthetic data for body movements compiled here have been 

published by four authorities after thousands of observations and 

experiments. These four systems are known as M (23, pp.l-221), 

Holmes (lb, p.280), RCA (32, pp.97-108), and Springfield (30, pp. 

90-96; 31, pp.126-130). 

Comments on the validity of the data coripiled under different 

headings wifl be presented. In addition, reasons will he given for 

the preference of the selected data over others for a specific 

mental or physical activity. 

Data for Reading 

The reading ratexpressed in words per minute accumulated 

from various sources are shown in table 8, page 1. Column i of 

the table shows the source and whatever details are available con- 

cerning the nature of the material read. Column 2 shows the year 

when these data were published. Column 3 shows the number of words 

read per minute. Although there is no clear indication, it is 

assumed that the reading materials were either printed or typed, and 

conditions such as light and other working conditions were satia- 

fac tory. 

Comments. Extensivo studies and researches have been con- 

ductod in various aspects of the mental activity reading, !ilost of 



Table 8 

Comparison Table of Reading Ratos Obtained from Recent Sources 

Sources and description Year Normal aate, words/minute 

Stroud and Animons (3S, p.3) 19!h 
Typical college freshmen 

Superior readers S% exceed or 33S 
Above average 16% better or 300 
Average 58% just a little more or 250 
Below average 16% maximum 200 
Poor readers 5% maximum 165 

Ludwig, on the basis of S years' 
teaching experience at cEO 

OSO freshman on average diff i- 
culty with 8o comprehension 

19Sli 

___________ 350 

Buswell (IL, pp.521-526) types of 

_____ 

l9L7 
reader not mentioned 

Light fiction 600 
New York Times 
Scientific American 325 

Pollack and Sumby (15, pp.28-31k) 
22 male subjects reading short 
messages 

Oral reading 270 

Langer, Standard Oil Company of 
Ohio 

Reading oriina1 text 231* 
Read copy and compare 
with original 93* 

Two persons: read text with- 
out punctuation 76* 

Two persons: read text with 
punctuation 

*These figures have been obtained through the general circular 
letters. 



these studies, however, have been froni the point of view of academic 

interest and also to determine the remedial measures for defective 

reading. Only the last five data sho'm in table 8, page Si, were 

established in office situations. 

ice (33, pp.16-17) stated that an operator trained in ei fec- 

tive reading techniques can read a 7-digit figure projected by a 

tachistoscope machine on a screen at a hundredth of a second. The 

author recently has taken the effective reading course at Oregon 

State College. It is the experience of the author that an average 

student after ten course work in effective reading can read 

a 6-digit figure or a sentence consisting of four words,when pro- 

jectod on the screen by tachistoscope, at a hundredth of a second. 

The mathematical computation of these figures is 36,000 digits and 

2I,OOO words per minute respectively. For regular reading, however, 

the reading time should not only include the neeing time but in 

addition conprehension time and the time for eye movements for 

successive eye fixations i8, pp.1O3-IOS). In clinical conditions 

the reader has the additional aid auch as anticipation so that he 

can concentrate all his attention to see what will appear on the 

screen within a couple of seconds. The author has also learned 

through Mr. Ludwig's lecture in effective reading class (fall 19S) 

at Oregon State Coflege that the highest reading rate achieved by 

Oregon State College students iS as high as 2,000 words per minute 

with the help of a pacer (reading rate accelerator machine). The 



reading rate of an Oregon State College average student, with the 

help of a pacer, would range between bOO-1O words per minute. 

In a normal office setup, it will be most impractical (if at 

all possible) to incorporate the facilities available in a reading 

clinic. This means that the reading rate of an office worker will 

be lower In office than in clinical conditions. Other factors which 

influence the reading rate of an operator is her educational back- 

ground and the difficult*r of the materials to be read. 

The minimum acceptable academic qualifications for all the 

common types of clerical appointments in the Oregon State Civil 

Service is high school graduation.2 The author feels that while 

there may be quite a few academically better qualified office 

workers, a considerably large number of office workers In different 

offices are high school graduates. Taking into account the 

familiarity of the reading materials and the experience of an 

office worker (18, p.377), an office worker should read faster than 

250 words per minute - the rate of reading of typical freshman as 

stated by Stroud and Animons (35, p.3). In a recent article (Octo- 

ber l95I.) in the Office Executive, 250 words a minute was used as 

a rate for office executives (10, p.18). Considering the nature of 

material handled by the executives, 250 words a minute is low for an 

operator handling routine type of material. 

2lnforniation obtained through personal interview with air. J. K. 
Riley, Division Personnel Officer, Oregon State Civil Service 
Commission, Corvallis, Oregon, during fall 1951k. 



The Oregon State College students read faster, i.e. 3O words3, than 

the typical freshman as observed by Stroud and Ammoris. It is the 

opinion of the author that 300 words per minute (the mean of 250 and 

350) will be a convenient and reasonable reading speed for the aver- 

age office worker. The rate of 300 words per minute Will be used 

in this report for developing a formula for standard time of 

reading from original text. 

Although the other reading operations are of minor importance 

from the point of this thesis, they are of sufficient importance to 

be included here. Three other reading operations considered here 

are read copy and compare with original, two persons: read text 

without punctuation, and two persons: read text with punctuation. 

They are very coìon office activities (probably more than straight 

reading from original text) for a wide range of offices. Formulae 

for standard time for these three activities are therefore impor- 

tant from the point of view of application. Study of table 8, 

page 51, will reveal that there are no other data available except 

what Langer1 has stated for these three activities. Due to non- 

availability of other comparable data, Langer's values, namely, 

3inrormation obtained from the letter of Mr. Ludwig, Instructor, 
English Department, Oregon State College, dated June 3, 195li. 

blnformation obtained from the letter of Mr. Langer, Lethods and 
Procedures Staff, The Standard Oil Company, idland Building, 
Cleveland 15, Ohio, dated tober 15, l95l. 



read copy and compare with original 93 words per minute, two 

persons: read text without punctuation 76 words per minute, and 

two persons: read text with punctuation 60 words per minute will 

be used in establishing formulae. 

Data for Handwriting 

Writing rates expreseed in words per minute obtained from 

various sources are presented in table 9, page 6. Column i of the 

table shows the source and whatever information is available con- 

cerning the writer and what he wrote. Column 2 shows the year of 

establishing the data. Column 3 indicates the number of words 

written per minute. It is assumed that legibility of the materials 

copied was satisfactory and the performance of the operator was of 

acceptable quality. It is also assumed that conditions such as 

light and other working conditions were satisfactory. 

Comments. Like reading, most of the researches on handwriting 

have been conducted from the point of view of academic interest. 
Only the last two data in the table are from actual office situa- 

tions. 

on the basis of the academic backound of an average office 

worker which has already been mentioned in connection with the read- 

ing rates as high school graduation, the writing rate of an average 

operator should be between 15 and 2 words per minute. The values 

suggested by Irwin and Sumby (iS, pp.28-31) and Chakraborty (6, p.17) 



Table 9 

Comparison Table of Handwriting Rates 

Obtained Through Various Sources 

Source arid description Year Normal Rate 
ord/Min. ______________________________________ 

Winted and Curai (38, pp.5OS-O8) 

_________ 

i9Ii 
83 High-school student l! 
79 college seniors 21 
Eighth grade pupil according to the - American handwriting scale 16 

Monroe (27, p.52l) 19S0 
Eighth grade student average 16 

Hill (13, pp.118-125 i9b3 
College seniors boye 21 
College seniors girls 2 
College seniors all 2I 

Irwin and Suniby (ls, pp.28-3I) 1950 
Reproduction of short message in 
handwriting 30 

Langer5 1951. 
Writing average 5-letter word * 

21 
Printing average s-letter word 16* 

Maze (2I, pp.783-809) 191x7 
J-digit figure iO 

Chakraborty (6, p.17) 

_________ 

l951 
Yriting digits 30 

r' 

-'Langer, bc. cit. 

*Theso figures have been obtained through the general circular letters. 

Converted to words for comparison by dividing the number of 
digits by 5 



are not considered for two reasons: fìrstly, they wore taken under 

controll conditions in laboratories, and secondly, the duration of 

the experiments was very short, The author feels that for simpli- 

city, as well as for all practical purposes, the writing rate of 20 

words per niinute which checks with Langer 's6 21 words per iiinute will 

be reasonable. Dr. Winger7 and Dr. Larse8 of the Oregon State 

College Secretarial Science Departuent both stated, while inter- 

viewed by the author, that from their experience they think that the 

writing of 20 words per minute is satisfactory performance for 

average workers of a wide range of ofuice8. The rate of writing 

of 20 words per i mute will be used in developing a formula for 

handwriting standard in the next chapter. Maze's 10 words per 

minute is definitely too low in normal situations, 

Due to non-availability of other comparable data for printing, 

Langer's 16 words per minute will he used for establishing a fonuula 

in the next chapter on the consideration that it has at least been 

satisfactorily used in a large office. 

6Langer, bc. cit. 
7lnforrnation obtained through personal interiew with Dr. Fred E. 
Winger, Associate Professor of Business Fducatìon and Secretarial 
Science, Oregon State Coflege, Corvallis, during fall 19SI. 

8Infornation obtained through personal interview with Dr. Lloyd Q. 
Larse, Associate Professor of Business Education and Secretarial 
Science, Oregon State College, Corvallis, during fall 19gb. 



Data £2 Typing 

The data accumul.ated through various sources for typing are 

presented in table 10, page S9. Column i of the table shows the 

nature of the materials typed and the sources from which the in- 

formation has been obtained, Column 2 shows the rate of typing in 

square inch per minute. Column 3 indicates the rate of typing in 

words per minutes. 

in order to compare the various data, it is necessary to ex- 

press them in the same type of units. The conversion factors used 

for this purpose are: (1) five strokes equal one word (8, p.lB2), 

(2) one line is equivalent to 72 strokes (8, p.182), and (3) one 

square inch is equivalent to 72 strokes (8, p.132). The sources 

of various data did not indicate if their data are applicable to 

pica or elite type. It is assumed that all types were elite for 

comparison of the data on the same basis. 

Comments. The highest and the lowest range of typing rate 

from typewritten copy is 1O words (2.78 sq. in.) per minutes to 70 

words (1.36 sq. in,) per minute. According to the Oregon State 

Civil Service code, a typist of one years seniority is required 

to type 14f; words (3.13 sq. in.) per minute. Dr. VJinger9 and Dr. 

Larse10 of Oregon State College Secretarial Science stated during 

Winger, bc. cit. 

10Larse, bc. cit. 



Table 10 

Comparison Table of rping Rates Obtained Through Various Sources 

Description sud Source orma1 Rate Normal Rate 
-- Sq. In./i in, Word/r.n. 

Typing from typewritten copy 
Benge (3, p.38) 2.78 bO.O 
aze (2h, pp.783-809) 2.83 1O.8 

Dvorak (8, p,l82) 3.13 
Green (12, pp.101-106) in 1951 3.13 145,0 
Mulligan (28, p.32) 3.61 2.O 
Green (12, pp.101-106) in 1953 3.82 5.O 
Langer11 L,22 60.8* 
Green (l2,p.10l-1O6) in 1960 1.86 70.0 

rping 15-line letters 
Maze (2L, pp.783-809) 2.17 3i.3 

jping 30-line letters 
Lucus (20, sf38:2 1.1i2 2O.1 

rping 3 lifle8 blocked standard, 
ro end punctuation from tìped copy 

- 
Maze (2L, po.783-809) 3.1I8 50.0 

Typing statistical reports 

Langer11 3.l0 

Typing from stenographic notes 
Berige (3, p.38) 1.16 16.7 
Green (12, pp.101-106) in 1951 2.08 30.0 
flreen (12, pp.101*106) in 1953 2.W 35.0 
Green (12, pp.1OI-106) in 1960 3.13 1i5.0 
Langer11 3.68 53Q* 

Langer, 2' 
*These figures have been obtained through the general circi.ar letters 
**Does riot indicate if the typing was done from typed copy or steno- 

graDhic notes or something else. 
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the interview with the author that while 60 words per ninute in an 

office situation may be considered ideal, the rate 1i5 words per 

minute is quite satisfactory for average typists of a wide range 

of offices. In the light of the above, the rate of )5 words (3.13 

sq. in.) per minute seems to be reasonable and hence will be used 

for developing a formula for standard time of typing from type- 

written copy. 

The Oregon Civil Service Commission requires that a typist of 
one year's seniority be able to transcribe from stenographic notes 

at 30 words per minute. During the interview with Dr. Larse3-2, 

the author was told that there is a generally accepted thumb-rule 

formula for determining transcribing speed from stenographic notes 

in relation to the typing speed of an operator. The thumb-rule 

formula is that the transcribing speed from stenographic notes 

should be two-thirds of the typing speed. According to this, if 
the typing speed is words per minute (which is used in this re- 
port as the satisfactory rate for an average typist), the transcrib- 

ing speed from stenographic notes should be 30 words (2.08 sq. in.) 

per minute. In view of the above discussion, the transcribing rate 

of 30 words (2.08 sq. in.) per minute seems to be suitable for 
developing a formula for a transcribing standard from stenographic 

notes which ll be used in the next chapter. 

12Larse, loe. cit. 
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Data for Calculating 

Due to variations in the design of the various calculating 

machines available, the infonnation regarding the standard of per- 

formance will have very limited use. The calculating rates shown 

in table 11 below are only presented as a sample. 

Table U 

Comparison Table of the Calculating Ratee 

Obtained from Various Source8 

Source and description 
Number/hour 

Maze (2I, pp.?83-809) 
Deduction to payroll 560 
Add, balance avg. 3 digits 33 
Add, down L-digit figure 297 
Add, across Li-digit figure 28S 
Subtract down I from 5 digits 68S 
Multiply by 3 digits 
Divide 6 by I digits 219 

U.S. National Bank, PortlandU 
Adding 1k-digit checks 3000 

Comments. The difficulty of obtaining satisfactory data for 

calculating standards has been discussed in greater detail in the 

next chapter. In order to establish standard data for calculating, 
it is necessary to know exactly the make and the model of the 

Thformation obtained through personal interview with Mr. John 
Raleigh, Chief, Methods Department, U.S. National Bank, Port- 
land, Oregon, on February 12, l95t. 
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calculating machines for which the standards are being set. This 

necessity is due to the feet that the variation in design in 

different models, even when the ianufacturer is the same, in- 

fluences the processing time by different machines. The data shown 

in table U are, therefore, incomplete and hence they cannot be used 

for developing formulae. 

For developing forìulae for calculating, the author has 

studied two calculating machines in cooperation with Dr. Byron L. 

Newton, Associate Professor of Business Administration, Oregon State 

College. These two machines are: 

1. Burrows electric adding machine, Burrows style 
9 10 S3, r.p.m. 120 

2. Monroe electric calculator, odel CST-l0, r.p.m. 600, 
machine carriage travel tiae per digit - .0022 min. 

The details of these studies are presented in the next chapter. 

Data for Body overaents 

The body movements data obtained through five different 

sources are compiled in table 12, page 63. The time values for 

various physical activities have been obtained from MThí (23, pp.1- 

221), Holmes (lIi, p.280), RCA (32, pp.97-108), Springfield (30, 

pp.9O-96; 31, pp.126-130), and Luckiesh (21, p.96). In the next 

chapter, the data from table 12 are used for the development of 

formulae for mental activity standards. 

The fundamental body movements required for normal clerical 



Table 12 

Comparison Table of the Time Values of the Body 

Movements Obtained uh Various Sources 

M Holmes RCA Spring- Average 
Body Movements Time Time Time field Time 

- Min. Min. Min. tin. 

Finger movements 
Iinge(FH)Oto2ft - .0017 .0017 .0017 e0017* 

Grasp 
Simple grasp (so) .0012 .0017 .0016 .0017 .0016* 
Grasp regrasp (OR) .0036 .003I .0032 ,0031. .003b 
Graspcomplex(QC) .005I .00S14 .00S2 .00 .00L* 

Position 

Easy(P1) .0O12 .0OS .0029 .00S .O0S 
Some difficulty (p2) .Oo8I .0072 .0070 .0072 .0072* 

.* .008c .0089 .0089* 

reading time - .0028 minutes accordIng ta Luekiesh 

Head moveraenta (H) - Time values according to Holmes 

Degrees moved 0 
to 20 jQ0 1° 200 

Time value .0051 .0O!3 .O05 .00S7 

Degrees moved 30° I5° 60° 90° 
Time value .0063 .0070 .0078 .0090 

movements (A) - Taken from the mean extrapolated curve, page 67. 

Arm movements 6" 1' 18" 2' 
Aver. time value .0O13 .0062 .0079 

Arm movements 3 jt t 

Aver. time value .O11S .Ol3 .OlSO .0160 

*Jfle average time values are used in this report. 
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operations are finger movement hinge, grasp, position, seeing and 

reading, head movements, and arm movements. A brief discussion 

concerning the scope of fundamental body movements as applicable to 

clerical operations is presented below: 

Finger movement hinge (FH ). For normal clerical operations 

involving the four kinds of mental activities, the finger movement 

bingo will seldom exceed two inches. The time required for any 

finger movement up to two inches is the same (30, pp.92-96). That 

means that for all finger movements two inches and below only one 

value is to be used, The time values higher than two inches are 

not shown in the table since they are not considered necessari for 

this report. 

Grasp (G). According to M! refined data (23, pp.1-221), 

there are six types of grasps ranging from very simple grasp to 

very difficult grasp. For simplified lv data (23, pp.1-221) the 

six types of grasps considered in the refined data have been reduced 

to three typas of grasps; namely, grasp simple, grasp regrasp, and 

grasp complex. For simplicity these three types of grasps con- 

sidered in simplified data will he used in this report. The 

examples of the appiica;ìons of these three types of grasps in 

clerical operations are shown below: 

Simple grasp (SG) - grasping pen from a prepositioned pon 
holder or pick up the only sheet of paper kept at a definite loca- 
tion. 

Grasp regrasp (GR) - picking up a sheet of paper from a stack 
of paper. 



Grasp complex (oc) - carefully taking out one sheet of paper 
from the middle of a stack. 

The time values for the three types of grasps used in this 

report are the average of all the time values obtained from differ- 

ent sources. 

Position (P). The M refined data and the sip1ifiod M 

data (23, pp.1-221) show the use of 18 and 6 types of different 

positionings respectively. Out of these, for simplicity, the author 

has picked up three time values such as the lowest, medium, and the 

highest. In this report the corresponding positions against these 

time values will be called as Pl, P2, and P3 starting from the 

lowest value; namely, easy positioning, some difficulty in position- 
ing, and difficult positioning. The examples of the use of these 

three types of positionings are as follows: 

Easy positioning (Pl) place a sheet of paper on the table. 

Some difficulty in positioning (P2) - arrange a few sheets 
neatly in a stack. 

Difficult positioning (P3) - placing a carbon paper in between 
two sheets of paper or inserting paper in typewriter. 

Seeing reading. The time value of seeing and reading 

established by Luckiesh (21, p.96) is included in table 12. The 

use of this time value, for example, is when an operator during 

the calculating operation sees and reads a set of digits. 

Head movements (H). The time values for head movements used 

ìn this report are those established by Holmes (l1, p.280). The 

time values are for O to 90 degrees of the head movements. 



movements (A). The arm rnovenients are required for activi- 

ties like reaching for something or carrying something from one place 

to another. T}e time values obtained from M1 (23, pp.l-221), 

1lolmes (]J, p.280), RCA (32, pp.97-108), and Springfield (30, pp.90- 

96; 31, pp.126-130) have been plotted in exhibit 2, page 67. 

These time values are given up to 30-inch arm movements. Sorne 

clerical operations involve niore than 30-inch arm movements. In 

order to get time values for larger movements up to six feet, the 

curves of the time values up to 30 inches have been extrapolated 

up to six feet. The values used in this report are the mean values 

obtained from the mean extrapolated curve. 

Comments. According to oaazines' recent survey of 

industries using predetermined time standards, 97 per cent of the 

users contacted felt that the vaiuea obtained from the existing 

methods were sufficiently accurate (36, p.2). The time values 

tabulated in table 12, page 63, for various body movements have 

been successfully used in industries, As long as any operation can 

be broken down to elemental body movements, ail these data can be 

effectively used in clerical operations as well. 

All the low and the high time values for different body move- 

ments have been discarded and the average time values shown in 

table 12, are used for developing mental activity standards in the 

next chapter. 

The time values for the arm movements have been successfully 





used in ostablishing various standards. it is, therefore, expected 

that the mean values taken from the mean extrapolated curve will be 

still moro satisfactory. 



CHAPTER VI 

DEVELORENT OF FOR!ÂULAß FOR READING, WRITING, 

TYPING, AND CALCULATING STANDARDS 

Introduction 

In the light of the discussions of the previous chapter, the 

various data necessary to develop formulae for reading, writing, 

typing, and calculating will be summarized under respective head- 

inge. 

The fornulae have been developed in this chapter in the 

following order: 

1. Formulae for reading 

2. Formulae for writing 

:3. Formulae for typing 

¿4. Formulae for calculating divided into four groups, 

namely: (i) adding; (ii) subtracting; (iii) multi- 

plying; and (iv) dividing. 

Formulae Reading 

In order to establish formulae for reading, it is required 

to determine the reading rates and the handling time. The handling 

time can be determined by adding all the tinte values for the body 

movements involved. On the basis of the discussions in the previous 
chapter, the following reading rates and timo values for body 



movements are used: 

Reading rates (pages SIL and 5.5) 

1. Reading original text 300 words per minute. 
2. Reading copy and compare with original 93 words 

per minute. 
3. Two persons: proof reading without punctuation 

76 words per minute. 
I. Tho persons: proof reading with punctuation 

60 words per minute. 

Body movements (page 63) 

Arm movements 3 - .0115 minutes 
Simple grasp (SG) - .0016 minutes 
Easy position (Pl) - .0055 minutes 

In a normal office setup, it is assumed that the various 

body movements involved in reading one-page reading material will 

follow somewhat the pattern shown in table 13 below. It may be 

pointed out that it will hold equally good for the four kinds of 

reading operations considered here. 

Table 13 

Operator Chart for Reading One-page Reading Material 

Ac tivi ties 

70 

Normal time Total element 
in minutes time in minutes 

Element #1 
Reach for reading material A3' .0115 
Grasp material SG .0016 
Move material to table A3' .0115 
Position reading material Pl .0055 .0301 
Element a 
Read - - 
Element #3 
Put away reading material A3' .0115 
Hands back to the original 
position A3' .0115 .0230 

Handling time one-page reading material .0531 min. 
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It may be observed from the operator chart that the handling 

time is directly proportional to the number of pages read and is 

independent of the number of words read. Handling time for one- 

page reading material according to the operator chart is .031 

minutes. 

The normal time for reading one-page original text in minutes 

- Number of words read __)_) 
300 

.03l converted to words at the rate of 300 words per minute is 

16 and substituting this value in the above formula, the normal 

time for reading one-page original text in minutes 

Number of words read + 16 N + 16 

300 300 ' 

when N is number of words, 

Maze (2h, pp.796-799) recommended a 2 per cent allowance for 

personal allowance, fatigue, and unavoidable delay. The author 

considers the allowance of 25 per cent too high. An allowance of 

iS per cent seems to be quite adequate. In this report an allowance 

of l per cent will be used to calculate standard time. Allowing 

iS per cent for personal allowance, fatigue, and unavoidable delay, 

the standard time in minutes for one-page reading material 

_N+16 _N+l6 * 
300 xl.1S- 

260 

The difference in handling time between one-page and two-page 

reading material is only turning the page which is insignificant 
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to the total cycle time and therefore may be neglected. The larger 

the number of pages handled at a stretch, the less the handling tinie 

will influence the total cycle time. For all practical purposes it 

is considered reasonable, without significant loss of accuracy, to 

use the formula for one-page reading niaterial up to three-page 

(seldom the office letter will exceed three pages) reading material. 

For more than three-page reading material, the equivalent (in 

cords) of the handling time may be neglected. On the basis of this, 

then, the above formulae may he amended as follows: Nortial time for 

one-page to three-page reading original text in minutes 

N+16 
300 

Standard time for one-page to three-page original text in minutes 

- N + 16 

- 260 
(2) 

Normal time for continuous reading original text in minutes = N/300. 

Standard time for continuous reading original text in minutes 

The same principle will be followed to establish the normal and 

standard time standard formulae for the other three t pea of reading 

activities considered below. To avoid repetition all the formulae 

for the four types of continuous reading will be surnraarized in table 

lIi, page 71i.. The above formulae may naw be amended for other types 

of reading as shown below: Normal time for one-page to three-page 

reading copy and compare with original in minutes 

.O53l+. 

Substituting the value of .OS3l in words at the rate of 93 words 
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per minute, the f orinula is: Normal time for one-page to three-page 

reading copy and compare with original in minutes 

* 

Standard time for one-page to three-page reading copy and compare 

with original in minutes 

xl.lS 
N+S 

- 93 80 
(It) 

Normal time for two persons: for one-page to three-page proof 

reading without punctuation 

e 

Substituting the value of .0531 in words at the rate of 76 words 

per minute, the formula is: Normal time for two persons for one- 

page to three-page proof reading without punctuation in minutes 

- 
76 

(s) 

Standard time for two persons for one-page to three-page proof 

reading without punctuation in minutes 

N+It ___ = 
76 

xl.15 66 i 
(6) 

Normal time for two persons for one-page to three-page proof 

reading with punctuation in minutes 

= .0531 + ¿. e 



Substituting the value of .0S33. in words at the rate of 60 words 

per ndnute, the formula is: Normal time for two persons for one- 

page to three-page proof reading with punctuation in minutes 

N+3 
(7) 

60 

Standard time for two persons for one-page to three-page proof 

reading with punctuation in minutes 

= x 1.15 
60 

N+3 
(8) = s 

52 

Table 114 

Summary Table of the Formulae for One-page to Three-page 

and Continuous R.eading Material 

(N Number of words) 

Operation reading 

eading original 
text 

Normal time in rains. 
i to 3-page continuous 
reading reading 
material 

+i6 
300 300 

714 

Standard time in mins. 
to 3-page continuous 

reading reading 
material 

N+16 N 

260 

Reading copy and + w r + 5 compare with 
93 93 30 80 rs,", cri rì1 

Two persons: proof 
+ 

N + 14 reading without _ 
punctuation 76 76 66 66 

Two persons: proof N + 3 N N + 3 N 
reading with 60 52 
pune tua tion 
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Formulae for Triting 

Like reading, the formulae for writing can be established by 

determining the writing rates and the handling time. On the basis 

of the discussion in the previous chapter, the following writing 

rates and the time values for body movements are used for developing 

writing formulae. 

WritinE ratee (page 57) 

1. iting 20 words per minute 
2. Printing 16 words per minute 

Body movements (page 63) 

Arm movement 3t .0115 minutes 
Arm movement 2' - .0095 minutes 
Simple grasp (SG) - .0016 minutes 
1asy position (pl) - .0055 minutes 
See and read - .0028 minutes 

Like reading, it is assumed that in normal office situations, 

the various body movements involved in writing will follow somewhat 

the pattern shown in table 15, page 76. The handling time accord- 

ing to the operator chart is .1658 minutes. The writing time will 

vary according to the quantity written. With this information, the 

formula for writing and printing could 'be expressed as follows: The 

normal time for writing one page at a time, in minutes 

= .1658 + Number of words .1658 + dL 
20 20' 

when N is the number of words. Substituting the value of .1658 

in words at the rate of 20 words per minute, the formula is: Normal 

time for writing one page at a time in minutes N +3 
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Table l 

perator Chart for Writing One Page at a .rne 

Activities Normal time Total element time 
in rninute5 in minutes 

Element #1 
Reach for note A3' .0115 
Grasp note SG .0016 
Move note to table A3' .0115 
Place note on table Pl .0055 .0301 
Element #2 
Reach writing paper A3' .0115 
Grasp writing paper SG .0016 
Move writing paper to table A3' .0115 
Place writing paper on table Pl .0055 .0301 
Element 
Reach for pen A2' .0095 
Grasp pen SG .0016 
Move pen to paper A2' .0095 
Look at the note and read .0028 
Position of pen on paper Pl .0055 .0289 
Element #4. 
Write - 
Element #5 
Carry pen to pen holder A2' .0095 
Position and release Pl .0055 
Hand back to original position A2' .0095 
Grasp note SG .0016 
Carry note AV .0095 
Place in its place SG .0055 
Hand back to original position AV .0095 
Grasp written note SG .0016 
Carry written note A2' .0095 
Place in its place Pl .0055 
Rand back to original position A2' .0095 .0767 

Handling time for writing one page at a time .1658 

Allowing 15 per cent a allowance factor, standard time for 
writing one page at a time in minutes 

-3x1.15!_- 
20 17 
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When several pagea of cofltinuous writing are involved, the 

additional hadln time like reading will he insinifieant in 

coaoarison to the tota]. cyde time. These formulae may thus be 

modified on the sazie as3umptions as reading as: Normal time for 

one-page to three-page writing in minu cs 

20 ) 

Standard time for one-page to three-page writing in minutes 

N+3 N+3 
= 20 xl.15 

17 
(2) 

The formulae for printing may be derived from the above 

formulae as shown below: Normal time for one-page to three-page 

printing in minutes 

=.i658+! 
16 

Suhsttuting the value of .l68 in words at the rate of 16 words 

per minute, the formulae is: normal time for one-page to three- 

page printing in minutes 

= N + 2.S 
16 (3) 

Standard time for one-page to three-page printing in minutes 

N+2.S _____ X 
lLi. 
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Table 16 

Sunimar Table of the Formulae for One-page to Three-page 

and Continuous writing and Printing 

Normal time in min2. Standard time in mina Operation i to 3-page continuous i to 3-page continuo 
writing and writing & writing and writing 
printing printing printing printing _____________________ 

Writin g N+3 N N+3 N 

20 20 17 17 

Printing N + 2.S N N 2. N 
16 16 iL iJ 

Formulae for 1rping 

On the basis of the discussions in the previous chapter, the 

typing rates and the time values required for establishing typing 

formulae are presented below: 

ping rates (page 60) 

1. 'Zyping from typewritten copy I5 words (3.13 sq. in.) 
per minute. 

2. 1'yping from stenographic notes 30 words (2.08 sq. in.) 
per minute. 

Body movements (page 63) 

Arm movements 6' 
Arm movements 3' 
Arm movements 18" 
Arm movements 1' 
Simple grasp (SG) 
Easy position (Pl) 

Difficult position (P3) 
Seeing and reading 

.0160 minutes 

.011 minutos 

.0079 minutes 

.0062 minutes 

.0016 minutes 

.00s; minutes 

.0089 minutes 

.0028 minutes 

18 

k 
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Finger movement hinge O to 2" (FH) .0017 minutes 
Head movements through 1S0 (H) 0O minutes 

It is assumed that the body movements involved in typing will 

follow the pattern shown in table 17, page 80. It is further 

assumed that the operator is required to prepare one original and 

one copy of the materials to be typed. The handling time per page 

as shown in the operator chart for typing (page 80) is .2208 minute. 

Normal time per page of typing in minutes 

.2208 
Number of words 

= .2208 + 

when. N is number of words. Substituting the value for .2208 in 

words at the rate of 1 words per minute, the formula is: Normal 

time per page of typing from typewritten copy 

N + 10 
(1) 

Allowing 1 per cent allowance factor, the standard time per page 

of typing from typewritten copy in minutes 

N+lO N+1O = 
135 

xl.1S 0 (2) 

Like reading and writing, the formulae for continuous typing 

will be summarized in table 18, page ßL. When the quantity of 

typing is measured in square inches, the normal time per page in 

minutes (elite type, single space) 

= .2208 i- Number of sq. in. 
2208 + n 

3.13 3.13 

when "n" is the number of square inches. Substituting the value 



Table 17 

aerator Chart for the Operation Typing 

A t ti C iVi 6$ 
Normal time Total element 
in mina. in mins. 

Element 
Reach the note A3' .O1l 
Grasp the note SG .0016 
Turn the body through 90 (hand 
move through 6,)* A6' .0160 

Place the note on the table Pl .O0 .O3t6 
Element 
Reach for typing paper A3' .0115 
Grasp the typing paper SG .0016 
Move paper to the typewriter A3' .0115 
Position in the machine Pl .0055 
Insert in the machine P3 .0089 .0390 
Element 
Reach carbon paper A3' .0US 
Grasps carbon paper SG .0016 
Carry carbon paper to the machine A3' .0115 
Place carbon between original and 

copy P3 .0089 
Roli the typing paper and the carbon 

in the machine P3 .0089 .OI21 
Element #L 
Position paper for typing P3 .0089 
Get ready P3 .0089 
Move head through 15° J5° .0055 
Look at the note to begin .0028 .0261 
Element #5 
Type - - 
Element #6 
Move to release lever A1 .0062 
Grasp release lever SG .0016 
Release lever FR 1" .0017 
Pull out the paper Al' .0062 
Engage lever Fil 1' .0017 
Carry paper on the table A18" .0079 .0253 
Element #7 
Separateaper from carbon P3 .0089 
Place the carbon in its place A3' .0115 
Carry the note through 6' A6' .0160 
Place the note on the table Pl .0055 
Hands back to original position A3' .0115 .05314 

Total handling time per page .2208 

*rger time value is to be taken 



of .2208 in sq. in. at the rate of 3.13 sq. in. per minute, the 

formula is: The normal time per sage of tiping from tpewritten 

copy (elite type, single space) in minutes 

n + .7 

3.13 

Standard time per page of typing from tîpewritten copy (elite 

type, single space) in minute& 

3.13 2.72 

Normal time per page of typing from type'ritten copy (elite type, 

double space) in minutes 

n + .7 x 2 n + 1.I 

3.13 x 2 6.26 

81 

Handling time will remain the same both in cases of single and 

double-spaced typing and therefore it is necessary to multiply the 

equivalent of the handling time ".7,' by 2. Standard time per page 

of typing from typewritten copy (elite type, double space) in minutes 

n+lJ.t _____ - - 
6.26 

1.17 (6) 

The above formulae could now be modified for establishing 

formulae for pica typo as well in the following manner: 

Equivalent of handling time expressed in .7 sq. in. in case 

of elite type is to be modified by multiplying with (8 , p.LB2), 

sq. in. in case of pica. Normal time per page of typing 

from typewritten copy (pica type, single space) 
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n+.8 60 = (8, p.182) ,-x- 
3.1, 72 

- ri + .8 - 
(7) 

3.76 

Standard time per page of typing from typewritten copy (pica type, 

sina1e space) 

=n+.8xi.is_n+. (8) 
3.76 3.27 

Normal time per page of typing from typewritten copy (pica type, 

double space) 
n i- 1.6 

7.52 (9) 

Staiard time per page of typing fron typewritten copy (pica 

type, double space) 
1.6 

__;i____ 
(10) 

Normal titne por page of typir from stenographic notes 

=.2208+J.!_ 

substituting value of .2208 at the rate of 30 words per ninute, 

the formula is 
6.6 = 

(11) 
30 

Standard time per page of typing from stenographic notes 

=N+6.6xi.iS=N+6.6 
(12) 

30 26 

When the quantity of typing is measured in sq. in., the formulae 

will be as f ollows; orna1 time per page of typing from steno- 

graphic notes (elite, single space) 

.2208+2 ' 



substituting value of .2203 at the rate of 2.08 sq. in. per minute, 

the formula is 
n + .1a4 = 
2.08 (13) 

Standard time per page of typing from stenographic notes (eilte, 
single space) 

_fl+.4i4 r_fl+ - 
D xl.1,- 

2.Oo 1.7 

Normal time per page of typing from stenographic notes (elite, 

double 6pace) n + . 2 n + .88 

2,08 X 2 h.16 (1g) 

Standard time per page of typing from stenographic notes (elite, 

double space) 
n+.ßdii5n+.88 

(16) i.i6 3.6 

Norna1 time per page of typing from stenographic notes (pica, 

single space) 
n + .b(72/6o) 72 n + - 

2.08 2,1]. (17) 

Standard time per page of typing from stenographic notes (pica, 

single space) fl+.S2iin+.52 (18) 2.L1 2.1 

Normal time per page of typing from stenographic notea (pica, 

double space) 
n + .52 x 2 n + l.Olt 

(19) 
2.I1 x 2 L.82 

Standard time per page of typing from stenographic notes (pica, 

double space) ...fl+1.OtiiSfl+1.Ob . (20) I.l8 
The summary of al]. the formulae are presented in table 18, page 8L. 
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Table 18 

Summary Table of the Fornu1ae for ping from Typewritten 

! Stenographic Notes: The Quantity of Measured 

Both in 1rords and . In. 

Quantity of typing measured in wds: N is the number of words typed 

gormaj. z.ime .n mins. anaara time in mins. 
i to 3- Continuous I to 3- Continuous 

Operation page material page material 
material material .- 

Typing from type- N + 10 N N + 10 N 
written copy i 39 3 

Typing froxu steno- N + 6.6 N N + 6.6 N 
graphic notes 30 - 26 

tit of typing reasured in . inch: n is the number of sq. in, 

I 

typed. 
I 

Typing from type- 
written copy 

Elite single n + .7 n n + .7 n 

_ 
space -5.-Ir _:T3 - 

Faite double n + 1J4 n n + 1.I n 
space 6.25 6.26 5.lilj 

Pica single n + .8 n n + .8 n 
space 3.? .--:-7 

Pica double n + 1.6 n n + 1.6 n 
space 7.52 7.52 6.5b 

Typing from steno- 
aphic notes 

Elite single n + .! n n + .I n 
space 08 2.08 l.7S l.7 

Elite double n + .38 n n + .88 n 
space T.16 1.i6 

Pica sin1e n + .S2 n n i- .S2 n 
space 

- 2.1i 2.1l 2.l 2.f 
Picib1e -r;-r:5E n iiTiTE 

space - t2 flI 1.1ff 



Formulae for Calculating 

It has already been mentioned in the previous chapter that the 

formulae for calculating are being developed from actual observa- 

tions. Two machines were studied, The descriptions of the machines 

are: 

1. Burrows electric adding machine, Burrows Style 
9 10 S3, the revolutions per minute determined by 
actual stop watch timing are 120. 

2. Monroe electric adding-calculator, Model CST-l0, 
the revolutions per minute determined by actual 
stop watch timing are 600, carriage travel time 
.0022 minutes per digit. 

It may be mentioned that the formulae established from the ob- 

servations of these two machines may have limited scope. There is 

considerable differences in the construction of the machines manu- 

factured by different companies but used for the same purpose. Con- 

sequently the time for processing the same thing by different 

machines will also vary appreciably. ven the same manufacturer 

may incorporate a few special features every year. This makes it 

very difficult to establish a formula for "calculating standard's 

by different machines, Besides, some machines may have limitations 

for certain types of calculation and sorno special advantage for a 

different type of calculation. For example, calculated time for 

adding and multiplication by Burrow's adding machine and Monroe's 

calculating machine as shown in page 9, 96, and 1CT1 will reveal 

that Burrow's adding machine is quicker than onroe's calculator 
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in case of addition whereas n case of riultiplication, onroe's 

calculator is faster than Burrow's adding iiachine. 

In establishing calculating standards by different machines 

irrespective of differences in design, there are, however, three 

common factors, namely, the handling time (Elements #1 to #7, 

tables 19 and 20), machine time (page 87), and writing time (Ele- 

mont 8, tables 19 and 20) of the result, Another important point 

concerning handling time may be mentioned here. The operator charts 

on pages 50 and 91 will disclose that while calculating, there are 

certain minimum fundamental body movements wiich seem to be unaffected 

in spite of variations in machine speed, working principles (key 

punch or rotary type), and the design and the construction of the 

machines. These minimum fundamental body movements refer to such 

activities as reach, grasp, position, look and road, carry a pen 

or the note. These will also be true in activity like depressing 

the figures in the keyboard when the number of figures depressed at 

a time will depend ori the physiological capacity of the operator. 

On the basis of this then, the handling time for calculating by 

different machines may be standardized somewhat. The formulae 

presented in this chapter are on the basis of handling time, machine 

time, and the writing time of the result. 

The elements of operations shown in tables 19 and 20 have been 

obtained from actual observation. Professor Newton of Secretarial 

Science, Oregon Stato College, has actually demonstrated how a 
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trained operator is expected to operate the machines under discus- 

sion. The following time values, which refer to time values for 

body movements and writing time, are allotted for each element of 

operation. 

riting rate (page 7) 

Writing time per digit .01 min. 

Body movements (page 63) Mins. 
Arm movements 3 .011 
Arm movements 1' .0062 
Arm movemente 6" .0013 
Finger movement hinge (Fil) 1" .0017 
Head movement 1° (H)1° 
Easy position (Pl) .0055 
Look and read .0028 

For deve1ojnent of multiplication formula, it is necessary 

to determine the machine time of the machine under study. The 

machine time, !!' the revolutions per minute, was, therefore, 

determined by running the machine for one minute since the spec if i- 

cations of the manufacturers were not available, It may be men- 

tioned here that while the machine time doe8 not influence the 

standard time for addition or subtraction, it, however, affects 

the standard time for multiplication and division. The machine 

makes one addition or subtraction per revolution. As soon as the 

operator depresses the adding bar she can proceed for the next 

operation without waiting for the uiaçhine to add. By the time she 

gets ready to depress the adding bar again, the addition or sub- 

traction is already aver by then. At the time of multiplication 

or division (discussed in greater detail later), the operator will 
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have to keep the multiplication bar depressed and verbally c ount 

or see in the recorder the nber of revolutions required for a 

particular multiplication. In order to show the application of 

the formulae developed in this chapter, the data for a few examples 

worked out have been collected by actual observations. Th.e formulae 

in the subsequent pages will show that, besides number of digits 

written, there is one more variable, i.e. number of depressions. 

The number of depressions varies according to the size of the 

figures handled. While there is no difficulty in determining 

number of digits to be written, the standard tixae for calculating 

can be determined if the nuntber of depressions required to handle 

a particular set of figures such as li-digit or S-digit i-s known. 

The author has actually observed the number of depressions required 

to handle the particular sets of figures shown in the examples 

worked out while Professor Newton was demonstrating how a trained 

operator is expected to handle them. Normally the number of 

depressions will vary from two to seven for handling figures up 

to seven digits. 

The formulae for calculating are presented in the following 

order: 

1. Formula for adding 

2. Formula for subtracting 

3. Formula for multiplIcation 

I',. Formula for dividing 



Forniula for Adding 

The study of the two operator charts on pages 90 and 91 will 

reveal that tbere are sorne constant values which are independent 

of the number of digits in the figures to be added and some values 

which directly vary according to the size of the fires. To 

establish a f ormula it is necessary to separate the constants, 

constants x variables, and variables if there be any. 

Elements #1, #6, and #7 of the operator charts, pages 90 

and 91, are the same. These values will remain the same irrespec- 

tive of the sizes of the figures. The sum of these elements is 

.0182 as shown below: 
.0030 
.oll 
0037 

.0132 

Time per cycle of seeing and reading the figures in the note 

and seeing the fijures in the keyboard will be constant, The value 

of this constant is .0166 which refers to element #2 of both the 

operator charts. 

Time per cycle for move hand through 6", position fingers on 

the figures or any other key such as total tab or multiplication 

bar, and depress the figures or depress the figures and the motor 

bar will also remain constant. The time value per cycle is 011S 

which refers to element #3 of the chart, page 90, and upper or 

bottom half of the element #3 of the chart, page 91. 

The writing time per letter or digit is another constant which 



Table 19 

Operator Chart for the Operation Adding One Two-digit 
Figure ih Another Twdigit Figure 

Machine studied: Burrows adding machine, Burrows 
Style 9 10 53, 120 r.p.ra. 

Activities Normal time Total element 
in rains. time in mins, 

Element #1 
Reach for note A3' .0115 
Grasp note SG .0016 
Carry note A» .0115 
Place on the table SG .0055 
Occurrence assumed once in 10 additions 

.0301 .0030 
Element 
rurn head through 15° H15° .0055 
Look at the figure and read .0028 
Turn head back through 15° H15 .0055 
Look at keyboard for figures read .0028 .0166 
Element #3 
Move hand through 6, A6Z .0013 
Position finger on the figures SG .0055 
Depress the figures and motor bar Fill" .0017 .0115 
Element #14 Repeat element #2 .0166 
Element - Repeat element #3 .0115 
E1emèn V 
Move hanthrough 6", A6" .00I3 
Position finger on total tab SG .0055 
Depress Tot. tab and motor bar FH1 .0017 .0115 
Element #7 
Reach for pen Al' .0062 
Grasp pen SG .0016 
Carry pen on to paper AP .0062 
Position for writing Pl .0055 
Carry pen to the holder Al' .0062 
Position Pl .0055 
Hand back to original position Al' .0062 
Occurrence assumed once in 10 additions 

.037L .0037 
Element #8 \rite 2 3 digits as the result shows .0300 .0300 

Total normal time .1011j 



Operator Chart for the Operation Adding One Four-Digit 
Figure with Another Four-digit FIFre 

Machine studied: Burrows adding machine, Burrs 
Style 9 10 53, 120 r.p.m. 

Activities Normal time Total element 
in mins. time in mins. 

Element #1 
Reach for note A3' .0115 
Grasp note SG .0016 
Carry note A3' .0115 
Place note on the table SG .0055 
Occurrence assumed once in 10 additions 

Element #2 
Turn head through 15° HiS° 
Look at the figure and read 
Thrn back head through 15° HiS° 
Look at keyboard for figures read 
Element #3 
Move hanthrough 6 , A6' 
Position fingers on the figures SG 
Depress the figures F1" 
Move hand through 6' , A6" 
Position fingers on the figures SG 
Depress the figures and motor bar FBi" 

Element #14 Repeat element #2 
lemeni - Repeat element #3 

Element 
Move hand through 6", A6" 
Position finger on total tab SG 
Depress Tot. tab and motor bar FR1" 
Element #7 
Reach for pen A?' 
Grasp pen SG 
Carry pen on to paper Al' 
Position for writing Pl 
Carry pen to holder Al' 
Position Pl 
Hand back to original position Al' 
Occurrence assumed once in 10 additions 

.0301 

.0055 

I 0028 
.0055 
.0028 

.O01.3 

.0055 

.0017 

.001i3 .011"5 

.0055 

.0017 
.0115 

.O0L3 

s ooSS 
e 0017 

.0062 

.0016 

.0062 

.0055 

.0062 

.0055 

. OO13 

.0166 

.O37I .0037 
Element #8 
Write 14 or 5 digits as the result shows .0500 .0500 

Total normal time .1t7I. 



la .01 minutes. The variable factors In the calculation oÍ the 

two problems are: 

i, Number of cyc1e of seeing and reading, let it be X. 

2, Number of depressions of figuree, let it be Y. 

3. Number of digits written, let it be Z. 

With these figures then, a formulae for adding can be written 

as follows: Normal time in minutes for adding two figuree 

.0182 + .0i66x + .O11Y + .0)2 

Allowing iS per cent allowance factor, the standard time in minutee 

= i.l(,0l82 + .0i66x + .oilSr + .0iz) 

= .02 i- .019X + .0132! + .017 . (1) 

This formula can be used when series of items are added to 

make orte total. An example of this is check additions in banks. 

Let a bank operator be required to add 150 checks of four-digit 

figures. The time of adding 150 checks 

= .02 + .019 x 150 + .0132 X 150 x 2 + .01 x 7 6.9 minutes, 

when X = 150, Y 150 x 2, and Z is assumed to be 7. 

Number of additions per hour = 870 checks 

en the result is to be expressed in number of addìtione per 

hour the formula may be modified as: $tandard number of additions 

per hour 
60 

1.15 (.0182 + 0166x + .0u5r + .O1Z) 

.0182 + .0155x + .011SY + .0)2 



Assuming that an operator with average skill can read up to 

7/8 digits 33,p.16) and the figures u$ually handled by her are not 

aore than 7/8 digits, the formula can be further simplified as: 

Number of additions per hour 

; when i 2, i.e. two 

.0182 + .0166 (2) + .01lY + .01Z 

looks per addition. 

- 

o + ouy + .oiz (2) 

In order to show the use of the forimla, a few examples are 

worked out below for which the data have been obtained fr acthal 

observations. 

1. Adding one two-digit fire with another two-digit f igure, 

the standard number of additions per hoi 

= 60 =r:00. 
1.1 x .1014t ' ' 

.l014 refers to the total element normal time as shown in 

operator chart page 90. 

2. For adding one three-digit figure with another three-digit 

figure, the standard number of additions per hour 

=-- 2 

.0s + .0115 (3) + .01 (Ii) 

3. Adding one four-digit figure with another four.igit figure, 

the standard number of additions per hour 

= 60 
1.1 X .lh7h ' 

refera to the total element normal time as shown 



9L 

in operator chart page 91. 

1. For adding one five-digit figure with another five-digit 

figure, the standard number of additions per hour 

=290. 
.oS + .ouS(6) + .01(6) 

S. For adding one six-digit figure with another six-digit 

fìgure, the standard number of additions per hour 

.05 + .0115(6)+ .01(7) - 275. 

Fornu1a ! adding Monroe calculator. For additions by 

onroe calculator, the same foriaula applîcable to Burrows can be 

used with slight modification. In order to incorporate this modi- 

fication, it is necessary to explain a little bit of how additionø 

are dono in Burrow's adding machine and Monroe's calculating machine, 

Thile adding with a Burr's machine the result of each addition is 

printed on. a paper tape which can remain there for any length of 

time. Reference operator chart (page 90), element #7, it has been 

assumed that the results are to be written after every ten additions 

are completed. For onroe calculator it is not possible, since the 

result shows on the rotary dial of the machine itself and therefore 

after every addition the result must be noted immediately. This 

involves two additional arm uovements through 1' each time. The 

time value for arm movement 1' is .0062. The additional time 

required for the onroe calculator in addition to Burrows per 

addition is 1.15 x .0062 x 2, ±.e. .Olh2 minutes. With this 
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then, the formula for adding standards by Lionroe calculator can be 

written as follows: Standard timo for adding any number of figures 

at a timo in minutos 

.02 + .0112 + .019X + .01321 + .O1Z 

= .O3L2 + .019X + .01321 + .032 (3) 

Standard number of additions per hour 

$2 = __________________________ 
eOl)42 + .0$ + .OIISY + .0)2 

$2 

.o6)a + .oil$Y + .olz 

The application of this formula for the same problems cal- 

culated by Burrows machine are presented below for comparison: 

1. Adding one two-digit figure with another two.igit 

figure, the standard number of additions per hour 

t2 = -) 

W4)3 (Burrows $00). 
.o6la + .01l$(2) + .01(3) 

2. Adding one three-digit figure with another three-digit 

figure the standard number of additions per hour 

= $2 = 37$ (Burrows Il7). 
.06l2 + .0115(3) + .0lU) 

3. Adding one four-digit figure with another four-digit 

figure, the standard number of additions per hour 

= 
.062 + .o11$() + .0i() 

32$ (Burrows 3). 
14. Adding one five-digit figure with another five-digit 

figure, the standard number of additions per hour 

= 
.062 + .bii$(6) + .01(6) 

268 (Burrs 290). 

(Lt) 



. Adding one six-digit figure with another six-digit figure, 

the standard number of additions Der hour 

26 (Burrows 27g). 
.o61 + .oii(6) + .01(7) 

Sub ting 

The formula for adding can be eqully applicable for determining 

standards for subtraction. There is no difference in operation 

except that at the time of subtracting the -" bar is to be de- 

pressed instead of the motor or "+ bar. This involves neither 

additional nor less work. 

Multiplication 

In order to establish formula for multiplication, it seems 

appropriate to discuss the principles on which an adding machine or 

a calculating machine operates at the time of multiplication. It 

may be noted that whether the machine is a key punch type or rotary 

type, the principles of multiplication or division are the same. 

For example 31 x 76 is to be multiplied. 

s s s The exhibit 3 will show the arrangement of the keys 
1IlI4 

3 3 3 as shown on the left side. The operator just like 

adding depresses 3, I, and on the extreme right-hand side. After 

that she holds the multiplication bar depressed and counts or sees 
in the recorder, according to the design of the machine (key punch 

or rotary type), the nwuber of times the addition is to be made, in 
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Exhibit 3 

Burroughs Adding Machine Style 9 10 S3 



this case ,6t of S76. The operator then depresses the next row of 

3, i, and and adds the required number of times, in this problem 

7 times. Then she shifts to the next row and repeats the same opera- 

tion in this problem and holds the multiplication bar for ' times. 

The result is obtained in the following manner: 

31*5x 6 

3!x 70 

31 x 00 

3145 X 76 

When the multiplication bar is depressed and held till the 

required number of additions are done, it is the machine which in 

every revolution will make one addition. In case of addition, the 

operator need not wait for the machine as she can proceed for the 

next step while the machine keeps running and stops before she can 

again depress the motor bar or '+' bar for the next addition. For 

this reason, it is necessary to bring in another variable factor, 

in case of multiplication, the machine r.p.m., and to determine the 

time required for every revolution of the machine. 

Now there could he number of additions ranging from O to 9. 

There is no way to determine the number of occurrences of digits in 

the regular office calculations. The author feels that an average 

number of addition '' should be satisfactory for the purpose of a 

satisfactory formula for standards of calculation. If tI is taken 

for all digits, then while for lower digits the formula will show 

higher values, it win show lower values when the digit will be 

higher, thus it win tend to compensate the deficiencies. 



Formula for multiplication Burrows adding machine. Vith 

the machine time, the formula for adding by Burrows adding machine 

can be modified to suit multiplication In the following manner: 

Stand*rd number of rnultiplication8 per hour 

= 

+ .ollSî + .OIZ + 
r.p.m. 

when 's is the sum of all the digits of the multiplier. Taking 

as an average digit and r.p.m. as 120, the formula can be 

written as: Standard number of multiplications per hour 

= 52 

.O + .0115! + .017 + 
' 

when 'n1 is the number of digits of the multiplier. 

A few examples with the data obtained by the author from 

actual observations in the Secretarial Science Department, Oregon 

State College, ara presented below to show the use of the above 

formula. 

1. For multiplication of one 'oIgit fIgure with another 

two-digit figure, the standard number of multiplications 

per hour 
52 * 

.05 + .0115(3) + .01(3) + 5(2) 

120 

2. For multiplication of one three-digit figure with another 

three-digit figure, the standard number of multiplications 

per hour 
52 

183. 
= 

.05 + .0115(5) + .01(5) + ___ 



Formula for multiplication Monroe calculator. Like 

Burrows adding machine, the formula of adding for Monroe calculator 

may be modified for multiplication by Monroe calculator as follows: 

There are two tpes of machine times required for Monroe cal- 

culator, namely, r.p.m. which is 600 and carriage travel time which 

is .0022 minutes per digit. Those two machine times have been 

determined by actual measurements. 

Using the same symbol as Burrows adding machine, standard 

number of multiplications per hour 

(6) 
.06L2 + ,OflY + .O1Z + +.0022n 

The application of this formula for the same problems calcu- 
lated by Burrows machine are shown below for comparison. 

1. Multiplication of one two-digit figure with another two- 

digit figure, the standard number of multiplications per 

hour 

52 
=3)47 = 

.06)42 + .0l)S(3) + .01(3) + 5(2) .0022(2) 
600 

(Burrows 262). 

2. Multiplication of one three-digit figure with another 

three-digit figure, the standard number of multiplica- 

tions per hour 

= 
.06)42 + .0llS() + .ol() + (3) + .0022(3) 

2S6 

600 

(Burrows 183). 
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Dividirig 

The formulae for multiplication can be equally applicable for 

deterniining standards for dividing. There is no difference in 

operation except that at the timo of dividing, the '-' bar is to 

be depressed instead of the motor or 'i-' bar. This involves neither 

additional nor less work. 
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Summary of the Formulae for Adding, Subtracting, Multiplying, and Calculating Burrows Add 

Machine, Burrows Style 9 10 3 and 1onroe Adding-calculator, Model CST-1O 

Actìvitieß Standard output per hour Standard output per hour by Monroe's 
by Burrows' machine machine ______________________ 

number of figuree .02 + + .0132Y + .017 .03I2 -t- .019X + .0132Y + .OlZ 

. 2 
Adding 

.0 + + .olz 
_____________________ 
.o612 + .O11Y + .012 

Subtracting same same 

2 _______________ 

05 + .0UY + .012 .06b2 + Multiplying 
120 600 ____________________ 

Dividing same same 

*The formulae are to determine the standard time in minutes per set of figures handled at a time. 

The symbols indicate as follows: 
X is the number of cycles of seeing and reading 
Y is the number of depressions of figures 
z i the number of digits written 
n is the number of digits of the multiplier -J 

CD r) 
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CHAPTER VI 

VALIDITY 0F THE PROPOSED FORMULAE FOR MENTAL ACTIVITY STANDARDS 

Introduction 

The validity of the data, on the basis of which the formulae 

for mental activity standards have been developed, ha already been 

discussed in chapter V. In this chapter, besides the discussion of 

the validity of the proposed formulae, the results of the five ex- 

periments conducted by the author in cooperation vdth the Secretarial 

Science Department, Oregon State College, are presented. These 

experiments were intended to see how the formulae for writing, 

typing, and calculating work. Experiments to check the formulae 

for reading were not arranged for two reasons. Firstly, the reading 

rates of a very large number of students are already available 

(page 51) as against the probable SO to 100 students' performance 

if at all ari experiment was arranged. Secondly, the reading is 

supplementary to the other three mental activities (writing, typing, 

and calculating) on which experiments have been conducted, 

The materials presented in this chapter are in the following 

order: 

1. Validity and the limitation of the proposed formulae. 

2. The arrangements of the experiments. 

3. Qualifications and experience of the subjects. 

)_l. Results of the experiments shown under different head- 
ings, namely: writing, typing, and calculating. 
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5. Comnients on the results, 

Validity and the Limitation of the stab1ishod Formulae 

No two offices are the same. They may differ from each other 

in the office procedures, types of equipment used, types of work 

place and office layout, working conditions (detailed discussion 

will follow in the next chapter), educational background and the 

skill levels of the workers, salary and fringe benefits, employer- 

employee relations and others, too riany to mention here. The 

clerical standards are influenced by the above factors. So, it is 

not possible to establish formulae which may be considered absolute 

and applicable to all types of offices. Any formulae would, there- 

fore, need adjustnent according to the various conditions existing 

in a particular office. The incentive for acceptance of formulae 

will largely depend on the following factors: 

1. Flexibility of the formulae 

2. Ease of understanding 

3. Low cost and accuracy 

h. Employer-employee relations (no ill effect). 

The above four points are briefly discussed belaw in order to 

show Low much the proposed formulae fulfill the basic requirements 

which might make them acceptable to a wide rango of offices. 

Flexibility. The various standards which could be established 

by the proposed formulae may be considered as a suitable criteria 
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for an average worker with an average skill level for a large number 

of offices. The supervisor then can make an oboctive assessment 

of Iow fast his operators are working in comparison with the average 

basic rate. According to the author's conception, the range for 

most offices would be between 85 per cent to 200 per cent. Barnes 

(2, p.353) has suggested that the standard 5hould be such that the 

best worker should be able to produce 100 per cent more than the 

standard. The author further thinks that workers put to work under 

measured conditions would not find it difficult to reach the 

standard within a couple of months. After measurement by the basic 

formula, the supervisor may discover whether hie subordinates fail 
within the range of 8S per cent to 200 per cent. If performance is 

considerably lower than the basic rate, the need for further train- 

ing will be quite apparent. The supervisor may set a performance 

of 130 per cent as an initial starting point. Barnes (2, p.330) 

has rientioned that the standard should be such that the workers, 

after necessary training, should be able to produce l per cent to 

35 per cent more than the standards. It is the opinion of the 

author that a considerably large number of office workers would be 

able to produce 130 per cent of the standard calculated by the 

formulae. This is stated for three reasons. Firstly, the formulae 

provide the maximum handling time whereas for ari experienced worker 

quite a few handling activities will be unnecessary. Secondly, the 

values chosen for activities like reading, writing, and typing are 



106 

rather on the lower side of the ranges of values accumulated from 

various sources in chapter V. Thirdly, allowance of iS per cent has 

been provided for personal, fatigue, and unavoidable delay allowances, 

When office conditions merit higher allowances, the standard time 

formulae can be adjusted accordingly. Fifteen per cent in a working 

day of eight hours amounts to 72 minutes. 

In view of the above discussion, the proposed forniulae are all 

somewhat flexible since the basic normal and standard rates are not 

the exact rates to be used in the office, However, the rates do 

serve as an effective criteria, In high volume, short cycle, highl)! 

repetitive operations, the standard rate may be 150 per cent of the 

basic rate, On the other hand, in infrequent, low volume, non- 

repetitive work, the standard rate for that office may be as low as 
30 per cent of the basic standard rate. The major advantage of the 

application of these formulae is comparison with a basic rate to 

determine whether the present skill level of workers is high or low. 

Ease of understanding. The process of clerical standardiza- 

tions involves elaborate analysis of the operation and taking time 

study or still more complicated analysis and mathematical computa- 

tion in case synthetic data is used. For a man without the special- 
ized training, it is not possible to understand the detailed pro- 

cedures required for clerical standards. 

There is little in understanding the proposed formulae if they 

are treated as empirical formulae. The only knowledge required to 
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apply them je to know a few simple definitions; namely, how a word 

i_s t.o be counted while reading and how a word is counted in case of 

writing and typing. ïhen square inch is used as the unit of measure- 

nient for typing, a little knowledge of how the output is to be 

measured will be required. Other terms like writing a digit and 

count of depressions do not need any explanation. 

The computation involved in the formulae is simple and any 

high school graduate may be expected to solve thorn without any 

difficulty. The proposed fornulae ay therefore be considered 

sinpie to understand. 

Inexpen8ive and accurate. The process of clerical standardiza- 

tiori requires time and money. For satisfactory accurate standards, 

specially trained personnel need to be hired. Unless the quantity 

of work does break even with the investment for the additional 

services, the program of clerical standardizations becomes an un- 

economical proposition. For the offices which have past records of 

work counts, it may be possible to establish a workable standard. 

For the offices which have no past records of work counts, the 

number of such offices may be by far the largest, the initial cost 

becomes one of the greatest hurdles in introducing clerical 

standards. 

For the application of the proposed formulae very little money 

is involved. The only money involved is the salary of the person 

for the time he needs to measure the output. In all probability, 
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inclusion of this extra duty, can be accommodated by most offices 

without any extra help. 

The validity of the data has already been discussed in chapter 

V. All data used to develop the formulae have been successfully 

tried. If necessary, adjustients in rates can be made by altering 

the intermediate formulae which were used in the derivation of the 

basic rates. 

Employer-employee relations. Consideration of employer-employee 

relations is important at every stage of the clerical standardiza- 

tion program. If employees are improperly handled, formulae how- 

ever perfect will not work. There are many aspects of employer- 

employee relations but only one will be mentioned here. The 

workers and the supervisors are apt to resent consderab1y when a 

person of another department comes to their department to carry out 

method and timo study and at the end of the study suggests the 

required output of the workers. The application of the formulae 

will be more satisfactory and more palatable to both the super- 

visors and employees in this respect. This does involve neither 

method and time study nor somebody suggesting how much work is 

expected of them. The supervisor himself can figure out the stand- 

ard outputs and gradually introduce them in a friendly manner as and 

when he thinks fit. 



The Arrangements of the Experiments 

Ali the experiments were conducted in the regular classes 

of the Secretarial Science Department, Oregon State College. The 

seats and the work places could not be arranged according to the 

actual office situation. The students, however, were instructed to 

follow the normal pattern in which an office worker is likely to 

work in an office. The students were asked to keep the writing paper 

and the note to be copied in shelves fitted at the bottom of the 

seat of the chairs. They were asked to pick up the note first and 

then the writing paper on which the note was to be copied. During 

the typing experLnents, the studente were further told that they 

should follow the normal procedures of making one original and one 

copy. In place of carbon paper a plain sheet of paper was used, 

It was made clear before the experiments that there was no hurry and 

that the students should work at normal pace. The same procedures 

were followed in cases of calculating experIments. 

Qualification and Experience of the Subjects 

All the subjects belonged to the first term of the junior year, 

most of them majoring in Secretarial Science. Most of the students 

did not have actual office experience. Two girls among the group 

had a little experience gaîned through summer employment. It is the 

opinion of Dr, Larso, the instructor of the class, that a Secretarial 
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Science graduate is considerably superior to the average office 

workers in most of the offices. Regarding the students who took 

tests, he felt that they did not have enough training yet but they 

are favorably comparable to the average office workers. For calen- 

lating experiments, Professer Newton, the only subject, thought that 

his speed should be favorably comparable to an average office worker. 

Results of the Experiments 

No experiment was arraned for reading, which has already been 

nientioned on page 103 The results of the five experiments (actual 

calculations are shown in Appendix III) are presented below in the 

following order: 

1. Fesults of the handwriting experiment 

2. (a) Hesults of typing experiment from straight copy 

(b) Results of typing experiment from stenographic copy 

3. (a) Results of adding experiment by Burrows adding 
machine and Monroe adding-calculator machine 

(b) Results of multiplication experiment by Burrows 
adding machine and Monroe adding-calculator machine. 

For calculating experiments the same two machines wiich have 

been studied for developing formulae were used. 

Results of the Longhand writing Experiment 

The sample of longhand writing test is shown on page lii, 

exhibit h. 
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Exhibit 

Specinen of Handwriting 

The attached correspondence with one of our customers, Mr. E. R. 
Peebles, of Hoxie, Arkansas, and the copy of a memorandum of our 
Receiving and Shipping DepartLaent again raise the problem of de- 
fective nitrogen bulbs. Ye have received many more complaint8 
about those T3rite-lite bulbs than about the brand we formerly 
carried. 

Exhibit 

Specimen of 1rping from Straight Copy 

If I could live my life over again, I think I would study every 
day the divine lesson of tact. One may be clever in many ways, and 
his efficiency in certain lines may be of the highest. He may 
have plenty of courage and boundless imagination, with worlds of 
cheerful hope, energy, and zeal. One may be honest; he may be 
truthful, and he may have keen perception and deep sympathy. But, 
if one lacks the greatest of all the arts - the art of tact - 
then he does not possess the most ì!rportant one of all the requisites 
for success in social and business life. Yes, that is how im- 
portant tact is. 

Some persons are born with tact; but with most of us it is a 
virtue acquired out of many mistakes such as saying or doing the 
right thing at the wrong time. It seems to me that tact is not 
illustrated so much by what it conceals as by what it expresses in 
a proper way. The taciturn person rarely has it, and the talkative 
never has it. Tact does not consist of the expression of much or 
of little; it is the result of euch mental understanding as is not 
given to the average man or woman, but only to the gifted few. It 
does not consist merely in speaking or acting in a way unlikely to 
offend or disturb, as many of the prudent seem to think or seem to 
follow as a policy. 



Number of subjects - LI; Error range - O to 1.9 per cent. 

Number of words written in longhand from typewritten copy 

is 3 words. 

Table 22 

Results of Longhand Writing Experiment 
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Actual aver. Actual - Normal 
- Normal Per cent 

observed time words/ time in words/ deviatïon* 
mins. nhin.* mins. b ìuin.* 

formula _______________ 

2.145 

__________ 

21.6 2.8 

__________ 

18.9 

____________________ 

+114.3 

*Calculations are shown in appendix III. 

Results of the ping Experiments 

(a) Tyoing from straight copy. The sample of the typing from 

straight co y is shown on page 111, exhibit S. 

Number of subjects - 21; Error rane - O to 3.8 per cent. 

Number of words typed from straight copy - 263. 

Table 23 

2 from Straight Copy xperiments 

Actual aver. Actual Normal Norma]. Per cent 
observed time words! time in words/ deviation* 

mins. min.* mins. by min.* 
_______________ formula* 

5.00 

_________ 

52.6 6.07 143.14 

___________________ 

+21.5 

*Calculations are shown in apoendix III, 
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(b) ping from stenographie notes. The sample of the typing 

from stenographic notes is shown on page 1iL, exhibit 6. 

Number of subjects - 18; Error range - 3.8 per cent. 

Number of words typed from stenographic copy - 168 

Table 2L 

Results of typing from Stenographic Notes Experiment 

Actual aver. Actual Normal Normal Per cent 
observed time words! tizno in words/ deviation* 

mins. rnin.* mins. b mjn.* 

formula 

S.08 33.1 .82 2°.9 iI 

*Caiculations are shown in appendix III. 

Results 2!: Calculating Experiments 

(a) Adding. 

Burrows adding machine, style 9 10 3, r.p.m. 120 

Sample of adding one four-digit figure with another 
four-digit figure is shown on page U6, exhibit 7. 

Number of subjects - 1; Error - nil. 
Number of additions made - 20; Actual time observed - 
3.OLt minutes. 

Standard number of additions per hour according to the 
actual observed time 339. 

Standard number of additions per hour according to 
formula = 3. 
Per cent deviation -I.L per cent. 



Exhibit 

Specimen of Typing from Stenographic Notas 

December 3, 19 

Mr, Walter R. Eagley 
122 Boston Street 
New !ork, New York 

Dear Sir: 

We are much interested in your program, details of which 
are in the 1arch Bulletin of the Association, and we shall be glad 
to give the assistance of our office in sending out the circulars. 
Our building has a centrai location and it is not far from the 
place of meeting. ray we, therefore, suggest that our office be 
used during the convention as a place for members to register. In this way we can give prompt and complete information to everyone. 

It is especially important at this meeting to secure a 
complete list of all members in each local branch. Mar have 
recently joined the National Association and with proper handling, 
they wifl greatly increase our influence in the business world. 
We must, therefore, hold their interest and make them feel their 
responsibility. Please he assured of our complete support and 
cooperation in your plans. 

Yours truly, 



us 

Monroe adding-calculator raachine, CST-1O, r.p.m. 600, 
carriage travel .0022 minutes. 

Sample8 of additions are same as Burrows (page 116, 
exhibit 7) 

Number of subjects - 1; Error - nil. 

Number of additions - 20; Actual time observed - 3.53 
minutes. 

Standard number of additions per hour according to the 
actual observed time 296. 

Standard number of additions per hour according to 
f ornu1a 325. 

Per cent deviation -9.7 per cent. 

(b) Multiplication. 

Burrows 

The sample of multiplications of one threeigit figure 
with another three-digit figure is shown on page 116, 
exhibit 8. 

Number of subjects - 1: Error - nil. 

Number of multiplications made - 20; Actual observed 
time - 5.93 minutes. 

Standard number of multiplications per hour according 
to the actual observed time 176. 

Standard number of multiplications per hour according 
to formula = 183. 

Per cent deviation -3.97 per cent. 

Monroe calculator 

The sample of multiplications are the sanie as Burrows 
(page 116, exhibit 8) 

Number of subjects - 1; Error - S per cent. 

Number of multiplications - 20; Actual observed time - 
3.70 minutes. 
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Exhibit 

Specimen 2. Additions 

3h67 f898 39 3786 
76ui3 L786 b98 6378 

1289 663b 8L32 279 
8921 36L6 821e 297 

%75 786g 9966 5339 
3214 5687 15h2 3593 

2967 9531 75143 7361 
3711. 9315 789 3617 

5823 12314 14895 23314 

14567 14321 58914 143143 

Exhibit 8 

Specimen 2ì Multiplications 

576 x 1436 = 785 x 3149 672 x 276 = 139 x 232 

985 x 589 = 8314 x 297 1489 z 255 365 x 532 

683 x 368 = 535 x 637 = 283 x 332 831 x 133 = 

7614 X 14614 = 985 x 732 = 3147 X 212 = 581 x 876 

538x853 139x679 1452x267 987x567 



117 

Standard number of multiplications per hour according 
to the actual observed time 282. 

Standard number of multiplications per hour according 
to formula 26. 
Per cent deviation +9.2 per cent. 

Comments on the resulte. Considering the c1as situation, 

duration of the tasts and the natural tendency of the students with 

each other, the per cent deviation of +]J.3 per cent, +21.5 per cent, 

and +Uj. per cent is not far from standard. The performance of 

Professor Newton is pretty close to the standards per cent, 

-9.7 per cent, -3.7 per cent, and +9.2 per cent). While extensive 

applications of the formulae in actual office situations can only 

determine the validity of the formulae more precisely, the results 
of the few experiments conducted at Oregon State College show the 

potentiality. 
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CHAPR VII 

EFFECT OF WORKING CONDITIONS ON OLiRIÇAL STANDARDS 

Introduction 

The validity of clerical tandarda i influenced igniticant1y 

by the pbysical ;orking conditions under which an operator works. 

A brief review of how working conditions might directly influence 

the rate of production is discussed in this chapter. The three 

riajor factors,, n&iiely: (i) effect of illuiaination, (2) effect of 

noise, and (3) effect of ventilation, are only considered. 

Effect of fliumination 

Of the iav factors involved in working conditions, illumina- 

tion is one of the !nost important. Working in too dark conditions 

regularly for long hours might effect the eyesight of the ooerator. 

Too bright light, throwing glare on the eyes, is uncomfortable and 

harmful to the operator. Besides, poor light directly causes poor 

rate of production. Luckiesh and Moss (22, p.216) show the result 

of their experinient on the effect of intensity of illumination upon 

rate of reading. Fourteen subjects were offered tests for 2t. weeks, 

half an hour per week, to read the book, Why We Behave Like Human 

Beings" by Dorsey. The reading matter consisted of 12-point 

Bondoni book type printed well on excellent book paper. Visually 
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tIis task was about as easy as reading can be. The geometric mean 

was 0.680, 0.700 and 0.712 pages per minute when the intensity of 

light was 1, 10 and 100 foot-candles resoectively. If the produc- 

tion corresoonding to i foot-candle is taken as 100 per cent, then 

the increase in production due to better illumination is approxi- 

mately 3 per cent in case of 10, and per cent in case of 100 foot- 

candles. 

The intensity of illumination affects the time required for 

seeing. Luckiesh (21, p.96) has stated that if an object of 50 per 

cent contrast can just be seen under a certain intensity of illumi- 
nation when the time available is 0.30 seconds, the intensity of 

illumination must be trebled if it is to be visible when the time 

is reduced to 0.07 seconds. Or, in other words, due to variations 

in intensity of illumination, the seeing or reading te may vary 
as high as four times. 

The maximum office light values measured at 30 inches from the 
floor, standardized and recommended by the American Standards 

Association and the Illuminating rìgineering Society are presented 

in table 2 as a general guidance for various office activities 

(3L, pp.3O-3). 
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Table 2 

Recommendation of Office Lieht Values Measured at 30 Inches from 

Floor American Standards Association, and IUuminatin Society 

in ASA Standard A ll-l9I2 

Office task Foot-candles 

1. Bookkeeping, typing and accounting SO 
2. Business machines - power driven SO - 100 
3. Conference rooms 25 
L. Stairways S 
;s Desk work, intermittent reading and writing 25 
6. Desk work, prolonged close work SO 
7. Desk work, reading blue prints and plans 30 
8. Drafting prolonged close work So 
9. Drafting rough drawing and sketc}ing 30 

lo. Filing and index reference 25 
J_1. Lobby 10 
12. Mail sorting 
13. Reception rooms lO 
i1... Stenographic work So 
15. Vault 10 

Effect 2 Noise 

ttNoise is dangerous and it is only common sense to eliminate 

all the dangers possible that surround us," thus concluded Dr. 

Bundenen, Health Editor, Chicago Evening American, in an article 

on the serious effects of noise (31f, pp.35-39). Noise causes 

monotony and increases the brain pressure. A research conducted 

at Bellevue Hospital, New York indicated that the brain pressure 

of an average person jumps to four times nor.na1 when a paper bag is 

exploded (31k, pp.35-39). Besides causing physical discomforts, monot- 

ony, and in case of excessive noise permanent physical handicap, 



12]. 

the noise also directly influences the rate of production. Stricker 

(314, pp.3S-39) has stated that long experience and observations in 

scores of offices lead to the conclusion that the difference between 

noisy and reasonably quiet conditions may result in as much as 10 

per cent difference in efficiency. The 10 per cent difference in 

efficiency due to noise may very well offset the clerical standards 

to be used in a particular office. A comparison table indicating 

the noise levels of offices with other familiar situations is pre- 

sented below: 

Table 26 

Comparison Table of the Noise Levels of Offices with 

Other Familiar Situations (314, p.3°) 

Activity Effect Pecihels Energy Unit 

Noisy office 
Average street noise 70 10 million 
Average radio Loud to to 
Average factory 60 1 million 
Average steno room 

Noisy home 
Average office o loo thousand 
Average conversation O O 

Quiet radio 140 10 thousand 

Quiet home 
Private office 30 1 thousand 
Averace conversation 

. 

Faint 
to to 

uiet radio 20 1 hundred 
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Effect of Ventilation 

Vintschyan and Steninach (37, p.1390) reported after a large 

number of experiments that the time for nerve reaction times in 

thousandthe of a second, in various part8 of the head in norna1 

temperature is 109; for cold, 135; and for warmth, lit6. If the 

nerve reaction time in noraa1 temperature is considered as 100 per 

cent, then, the increase in nerve reaction tine in cold is 2 per 

cent and in warmth 3L per cent. The saine authors (37, p.1390) have 

f1rtl)er observed that the nervo reaction time, in thousandths of a 

second, for various oart of the hand in normal temperature ia 121; 

in cold, 188; and in wartth, 209. The percentage increase in nerve 

reaction time taking the time ín noraal temperature as 100 per cent, 

is 5 per cent in cold and 73 per cent in warmth. The time for a 

particular clerical activity will depend on the nerve reaction 

times of the various parts of the head and the various parts of 

the body. The above fiures show very clearly how the temperature 

might effect the clerical standards, 

There are instances of which one is quoted below that by 

controlling the office temporature by air-conditioning, the pro- 

duction went high very significantly. Detroit 1dison Company 

(34, pp.39-131), made a study during two years #ich compared 

employee performance with and without aironditining. Because 

a great deal of routine work is involved in the drawing and re- 

V1Sifl of maps, that division was chosen for the study. The amount 
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of timo required to make an average number of map changes was weU 

known; hence it was possible to set up an average work unit as a 

fair yardstick. During the summer of 1937 in the office without air- 

conditioning, 8,988 work units required 5,008 man-hours. During the 

summer of 1938, in the new air-conditioned service building, iO,iTh 

work units required 3,872 man-hours, an increase in efficiency of 

S1.1 per cent. 

It could be argued, however, that the increase in efficiency 

of 5i.L per cent was not only duo to improvement of ventilation, 

but also probably due to better illumination, less noise, and better 

e:nployee morale. The increase of 51. per cent in efficiency, even 

if it is due to the overall improvements of the working conditiona, 

demands very serious consideration and is bound to influence the 

application of clerical standards to a great extent. 
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CHLPR VIII 

CONCLUSIONS AND RECOEMRNDATIONS 

Conclus ions 

Besides what ha been discussed concerning the validity and 

limitations of the proposed formulae (chapter VI), the foUowfng 

conclusions may be reached 

1. There ìs no absolute answer for developing clerical 

standard formulae suitable for different kinds of offices. 

However, a reasonably accurate, inexpensive, and easily 

understood formula as proposed in this thesis will be 

helpful to increase efficiency, reduce production cost, 

and for better control. Clerical work can be easily 

converted to man hours by these formulae. For operations 

of short durations, the formulae for normal time ray be 

used. The formulae for standard time may be applied for 

operations running through the full working day. The 

formulae may also be used for operations for which a 

systematic study is uneconomical. 

2. The reliability of the proposed formulae can be more 

definitely determined when they are tried in a reasonably 

large number of offices of different categories. 

3. For offices where the services of additional specialized 

men are not economical, the formulae developed bill be 
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extremely beneficial for three purposes. Firstly, taking 

the time derived from the fornulae as a time-standard cri- 
tena," the offices with low productivity will be encouraged 

to analyse the reasons. Secondly, the investigation of the 

reasons will force them to take some remedial measures. 

Some of the remedial measures will be to introduce better 

methods, better scheduling, and improvement in the training 

of employees. Thirdly, the offices can determine if their 

working force (total number of employees) is higher, lower, 

or in line with the standard working force. 

I. The basic data used to develop the proposed formulae may be 

applied to develop formulae for mar other clerical activi 
ties not considered in this thesis. 

5. The clerical standards are not only effective in reducing 

cost and in better control, but they are also an effective 

aid in employee development. In addition to the super- 

visor, the employee may know his progress (if performance 

is high or low in comparison with a basic rate) and he can 

take corrective measures. 

6. Due to the variations in design of the calculating machines, 

the proposed formulae for calculating have limited use. 

7. Most of the qualitative criteria discussed in chapter III, 

may be taken as a general guide. The actual standard may be 

determined according to the need of a particular office. 
The quantitative standards cannot be successfully used 



unless it is 8upplemented by clearly defined qualitative 

criteria. 

Recommendations 

ScientifiC management, for increasing efficiency and better 

control, has not made as much headway in clerical activities as it 

has in industrial activities, In this re8pect many aspects can be 

explored. However, within the limited scope of this thesis, the 

following recommendations are made for further studys 

1. The baaic data used to develop the proposed formulae may 

be compiled in a concise work sheet form. Simple and brief 

descriptions of how these data could be used for developing 

formulae for different clerical standards, other than those 

considered in this report, may be annexed to the basic data 

table. 

2. In the similar manner as item l the formulae developed for 

reading, writing, typing, and calculating may be compiled. 

3. The materials prepared according to items i and 2 may then 

be sent to companIes of different sizes in the form of a 

general circular letter with specific requests to furnish 

with the following information z 

a. If the basic data and the formulae are easily under- 

stood. 

b. Cari they use the basic data for developing standards 

other than the four clerical activities considered 
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here. If the answer is 8yes," then what are the 

activities? If the answer is tznofl thon what are the 

difficulties? 

e. What do they think regarding the performance levels 

of their employees in comparison with the employees 

doing the same kind of duties in the locality. 
d. it is expected that the performance levels of the 

operators will fall within the range of BS per cent 

to 200 per cent of the basic rate calculated by the 

formulae, What is the performance level of their 

employees in relation to the basic rate calculated 

by the formulae, 

e. what are the average qualifications and experience of 

their employees. 

f. th.uiiber of employees engaged in clerical activities. 

g. What allowance factor do they allow for their employees 

for an 8-hour working day? Do they think that lS per 

cent allowance is adequate. If the answer is 8no," then 

bow much do they think it should be and why? 

h. Salary range and other fringe benefits if there is 

no objection. 

i. Working conditions such as noise, adequate light, 

and ventilation (whether or not air-conditioned). 

Ì4. It is also suggested that different offices within easy 

reach may be approached for information listed in item 3. 
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. After receiving the information, the modification of the 

basic data and the formulae may be made to suit the re- 

quirernents of a larger nuxnber of offices. 

6. Developrrìent of formulae for different calculating opera- 

tions by various calculating machines made by different 

manuíacturers iou1d be a very interesting study and would 

be helpful for offices, This can be done easily in 

cooperation with the Oregon State College Secretarial 

Science Department. 

7. It is felt that very fruitful studies in various aspects 

of clerical operations may be made iointly by the Oregon 

State College Industrial ngineering Department in 

cooperation with the Oregon State College Secretarial 

Science Department, 
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APPENDIX II 
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Calculations Concerning the Experiments Referred in Pages 101 to 10?. 

riting in longhand 

Actual average observed time in minutes 2.bS. 

Number of words written 3. 

Number of words/minute ---- 21.6. 
2.i 

Normal time in minutes by formula + 
+ 

2.8. 
20 20 

Normal words/minute !2. 18,9. 

Pez' cent üvition 21,6 - 18.9 
z loo = 

18.9 

Typing from typewritten copy 

Actual average observed time in rainutee 5.00. 

Number of words typed 263. 

Actual words/minute = = 52.6, 

Noz'aal timé insinutes by formula 
26 + 10 

6.07. 
1 

Normal words/minute 67 

Per cent deviation = 52.6 - 43.II ioo 
143 .l 
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Typing from stenographic notes 

Actual average observed timo in minutes 5.00. 

Nimber of words typed 168. 

Actual words/ndnuto 33.1. 

Norraal time in minutes by formula 
N + 6. 68 i- 6.6 

5.82 

30 30 

Normal words/minute = 28.9. 

(r - 
Per cent deviation 

2.9 z 100 +iL. 

Adding 

Burrows 

Actual timo observed 3.0L. minutes 

Number of additions 20. 

Standard nuraber of additions per hour 
20 z 60 

3.01k X 1.15 

Standard number of additions by formula per hour 52 

.05 + ,0115y + .01Z 

from actual observation Y L, i is assumed as 5. 

Standard number of additIons per hour 

52 

.ò5 + .0li5(L) +.01(5) 3514, 

Per cent dev-lation = - 
x ioo = - 

3514 
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Monroe 

Actual time observed 3.53 minutes. 

Number of additions = 20. 

Standard additions oer hour 20 x 60__ 
296. 

3.53 x 1.15 

Standard number of additions by formula per hour 

52 

.o6i2 + 00115Y + .oiz 

from actual observation Y i, Z is assumed as 5. 

52 
Standard number of additions per hour ob2 + .O115() + .01(5) 

325. 

Per cent deviation 325 - 296 
x 100 = -9.7 per cent. 

296 

Multiplication 

Rurrowa 

Actual time observed 5.93 minutes. 

Number of multiplications 20. 

. 20x60 Standard number of multiplications per hour 176. 
5.93 x 1.15 

Standard number of multiplications by formula per hour 

52 

.05__+ .ou5 + .oiz 

from actual observation Y 5, Z is assumed as 5, and n is 3. 
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Standard number of multiplications per hour 

r' ___ .0. + .Oil(,) + .ol(.) 
+ 120 

Per cent deviation 183-176 x loo -3.97 per cent. 

Monroe 

Actual time observed 3.70 minutes. 

Number of' multiplications 20. 

Standard number of multiplications per hour 

20x60 =282. 
3.70 X 1.l 

= 183. 

Standard number of multiplications by formula per hour 

.0612 + .OUSY + .O1Z + + .0022(n) 

from actual observation Y , Z is assumed as !, and n is 3. 

Standard number of multiplications per hour 

- - 
5(3) = 26. 

- 
.06L2 + .o11(5) + .o1() + 

600 .0022(3) 

Per cent deviation 
282-26 

x ioo = +9.2 per cent. 


