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Sunnnary 

This thesis is concerned I'/ith information processing l.n the 

data preparation section of a connnercial company and falls into 

two parts. 

The first part is concerned tvith determining \<}'hat causes 

dis comfort and difficul ties for the keypunch operators. A 

questionnaire was given out to the operators to get their opinions 

about the environment in which they worked, their keypunch 

machines and the documents from which they worked. 

The key and error rates for the operators were determined. 

It was found that the error rate was 2 - 5 times higher than the 

error rate quoted l.n the literature. 

Because of this the second and main part of the thesis is 

primarily concerned with error rate. The errors made by the 

operators were related to the'source documents from which they 

worked. The layout of the documents was closely examined and one 

document ,~as redesigned. An experiment was carried out to 

compare keying and error rates obtained on the new document with 

those found on the 'old' document. 

The error rate on the new document was about half that found 

on the old document. The implications of these results are 

discussed in terms of the increased productivity which can be 

obtained by the use of the new document in the data preparation 

section of the Company. 
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1.0. Introduction 

A major concern in an incceasing number of modern computer 

based systems is the man-machine data entry sub-system. Manual 

input is the slowest and most inaccurate process in many data 

processing systems. The creation of enormous data bases required 

by new data processing systems places increased demands upon this 

method of data entry. The keypunch machine has traditionally 

been used to prepare source input for data processing systems. 

As electronicslcomputer systems have developed in sophistication, 

the keypunch operation has begun to impair system efficiency. 

The computer system itself has become cheaper per unit of ·through

put, whereas the cost per unit of throughput for data preparation 

by keypunch machines has actually increased as operators' salaries 

have risen. 

Because of this, and because of the increasing \wrkload, 

companies find themselves looking into the data preparation 

situation, seeking means to increase simultaneously the operators 

performance, and sys tern output, whi Is t reducing overall cos ts. 

This thesis is concerned with a data preparation section in 

a large pharmaceutical company, which was planning its data 

preparation arrangements for the next five.years. 

The thesis first examines the pres·ent situation in the 

company from an ergonomics point of view and seeks to establish 

what, if anything, causes discomfort for the operators, for 

example the thermal, visual, and auditory environment, the 

workplace environment, (seats, de·sks, and the layout of the 
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office), and, what, if anything, causes difficulties for the 

operators, for example, the source documentation from which the 

operators work. 

Secondly, the thesis· reports on hOl·, the situation for the 

punchcard operators may be improved. 

1. 1. Background 

This section describes the situation in the company and 

the data preparation section at the end of 1970. 

The company is engaged in the manufacturing, "holesaling 

and retailing of pharmaceutical and other products, but 

principally the former. It has about 1,700 branches nationally 

served by warehouses located in Nottingham, !1anchestel:, London 

and Aldershot. The factories are in Nottingham and Airdrie. 

The central administration and computer centre are located 

in Nottingham. 

The computer service department vlhich incorporates computer 

operators, data control and data preparation, ~s a part of the 

management service organisation. 

The company commenced ,;ark on electronic data processing 

in 1956, initially using EHIDEC computers "ith papertape and 

mark sensed card input. 

Later the "ork was transferred onto an LBH System 360 

computer using full operating system and multi-programming 

techniques. 

IBM computers are designed to accept primary input from 

cards. Data is prepared by the company for input int·o the 

-4-



computer in two forms:-

1. 80 co 1umn punched cards. 

2. Mark senserl cards. 

The data preparation section of the company is located 

in the Head Office in Nottingham. The office "as built in 

1967. It is of an open plan design and fully carpeted and 

air conditioned. A detailed plan and photograph of the 

data preparation section is given in Figures 1 and 2 

respectively. 

The company uses the folloHing data preparation equipment: 

(a) 31 IBM 029 punch machines (21 print, 10 non-print) 

(b) 22 IBM 059 verify machines 

(c) 3 IBM 519 mark sense reproducers 

About 25,000 cards per day are punched and verified, and 

35,000 cards per day are mark sensed (front and back). 

The mark sensc equipment 1S not examined in this thesis. 

The present operator staff is: 

Day shift 26 punch operators 

20 verify operators 

Evening shift 3 punch operators 

3 verify operators 

Night shift 4 punch operators 

3 verify operators 

The operators on the day shift are divided up into three 

sections. Each section has a-Section leader. The sections 

have certain specialised "ork that :only they do. Some "ork, 

ho"ever, is common and may be given to any operator in any 

section. 

-5-
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Figure 2. Layout of the data preparation section. 
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The company operates a scheme, based upon a ',york study 

report that "as made ~n 1969, in "hich the output of all punch 

and verify operators is monitored. Standard minutes are allo>led 

for g~ven punch work. Efficiencies are calculated making due 

allowAnce for number of batches, errors, holiday, sickness, 

overtime, and ,,,aiting time. 

The company itself trains the operators. The training is 

of six ,.,eeks duration and consis ts of two parts, each of which 

is three weeks long. 

The first part is divided up into four components. 

1. IBM keyboard exercises· for IBM card punching machines. 

This component of the. training is as the name suggests, a 

keyboard exercise, i.e. the trainee operators learn where the 

different keys on the keyboard are. 

The trainee operators are not allowed to proceed to the 

next component of tr2ining, (see 2 below), unless they 

sat:isfactorily perform on the IBM keyboard exercises. 

2. IBM 024/026 Key punch exercises. 

This ·exercise is a contunuation of the first component 

of the training, the IBM keyboard exercises, but it is more 

advanced and more concentrated on actual keypunching. 

3. Programs. 

At this stage when they know the keyboard fairly well, the 

trainee operators are taught how to make up a program card 

and instructed on IBM 029 card punch how the machine ·works. 

4. Real work. 

Throughout phases 1 to 4 inclusive of this part of the 
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training, the trainee supervisor keeps a record of each 

trainee's error rate. 1m operator is not allOHed to continue 
, 

to the second part of the training unless her error rate is 

. less than 2%. Speed is judged by the Company to be only of 

secondary importance. Typically, an operator's speed is 

about 3,000 keystrokes/hour after the first three Heeks 

"training. 

The second part of the training is carried out at the 

data preparation section itself. The supervisors give the neH 

.operators jobs that are fairly easy to db, and make sure that 

they 'understand and can do them. Each job assigned to a 

trainee by a supervisor must be satisfactorily completed before 

the trainee is allol.ed to proceed to a neH job. This part of 

" the training normally takes about three Hecks. 

The present keypunching Horkload can be divided up 

according to the clerical activity generatiug source documents 

for punching by the operators. See Table 1. 

-7-
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Table 1. Different keypunch applications. 

APPLICATION CARD TYPES CARD TYPES 
TOTAL DAILY USE 

Merchandise Accounting 300 36 

Credit Sales 35 8 

Local Purchases 10 5 

Retail Takings 14 5 

Other Proj ects 153 14 

Programs - -

TOTAL 512 68 

CARDS PUNCHED BATCH ORIGIN OF DOCUMENT 
DAILY SIZE 

15500 25 Branch W/House B. Office 

5000 40 Branches 
, 

2500 80 Branches 

500 80 Branches 

1000 - H. Office Depts •. 

500 - Internals 

. 
25000 35 



Three major clerical activities, viz. those associated 

with merchandise accounting, credit sales and local purchases 

account for about 90% of the present punching and verifying 

'workload. 

1. 2. 'Informal Discussions "ith the Management, Supervisors and 
Section Leaders. 

In order to obtain an initial impression of the Company's 

v1ew of the difficulties associated with the punch cards 

operators' task, informal interviel,s were held "ith rep--

resentatives of the management and with snpervi,sors and 

section leaders in the data preparation organisation. 

The only thing that the management thought could cuuse 

difficulties for the operators "as the input to the 

operators, namely the source documents. The reason given h'as 

the large number of different types of source documents and 

the lack of compatibility bet"een them, particularly in respect 

of design layout. 

Both the supervisors and the section leaders "ere fairly 

satisfied "ith the present situation and did not think that 

anything needed to be improved or could be improved in the 

data preparation section. 
_l ____ _ 

No interviews· were held-at this stage with the 

Iff:'fI'f-~Ii'~- f . :y'?t;, .,;,t e ollow1ng reasons. 
'("~'fi~~ 
:I,~f~e Company wanted me 'to disturb 

11, ;~?5.) 
, : .• l1!tl:'lt';! as possible. 
:;~t~(~ 
";2~~~All the operators subsequently 
~ ;t':,,'tl.!:'-9 .. ::"·~ 
I ,tl~)',~~"?:i I r:~f,tr::~~e 
: described in Section 2 • 

• 
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1. 3. The approach adopted for the thes is. 

After having had informal discussions \<ith the 

management, supervisors and the section leaders, and having 

studied some of the most common source documents, it ,,,as 

decided to divide the research. into t\<o parts. 

To establish, by questionnaixe, what the operators 

thought of the present situation, in pRrtieular their opinions 

about the thermal, visual and auditory environment, the 

work place environment, (seats, desks and the layout of the 

office), and the source documents. 

1. To establish keying and error rates for the source 

documents, and to try and relate the errors to particular 

types of documents. 

2. (Consequential upon 1) to try and remedy the difficulties, 

if ally, which were revealed l.n Part 1. 

-10-



2.0. The QuestioIinaire. 

The 'lues tionnaire "''', ad'ilinis tered individually on the 

same day to the 59 keypunch operators in the data preparation 

section. Returns "ere obtained from 58. 

The questionnaire (see Appendix 1) consisted of 48 

.questions, covering the thermal, vi.sual and auditory 

environments, the workplace environment, (seats, machines and 

layout of the office), and source documents. In respect of 

the latter, operators "ere asked to list the five documents they 

regarded to be the best, the five most difficult to \wrk from. 

They "ere also asked to state why they regarded the documents 

as good or bad. 

,. 



2.1. Result·s of the Questionnaire. 

The results of the questionnaire are reported below. The 

responses to most of the questions are reported in tables. Some 

of the questions are not reported in tables as the responses 

were all in the same response category. or the responses to the 

questions could not be conveniently displayed in tabular form. 

This was the case where subjects were invited to make free 

responses. 

The age distribution of the punch card operators. 

partitioned by sex and shift is given in Table 2. It will be 

seen that all operators on day and evening shifts are female. On 

the day shift the operators are very young and are all aged 25 years 

or less. The evening shift on the other hand comprises more mature 

women. The night shift -is entirely male who are comparable in age to 

the female evening shift. 

Table 2. Age ·and sexdistri.bution of operators. 

Scale 

Sex: 

Male 

Female 

Age: 

- 18 

18 21 

22 - 25 

26 30 

31 35 

36 - 40 

41 45 

46 -

Total 

Day 
Shift 

44 

18 

20 

6 

44 

-12-
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Evening 
Shift 

7 

1 

2 

2 

1 

1 

7 

Night 
Shift 

7 

2 

1 

2 

2 

7 

Total 

7 

51 

18 

20 

9 

1 

2 

4 
/ 

1 

3 

58 

,-



The length of experience of the punch card operators by shift 

was as follows. The average experience for the day shift was 

2 years 6 months ,ranging from 6 months up to 6 years 3 months. The 

average experience for the evening shift was 7 months, with a range 

from 2 months up to 1 year 6 months. 

The average experience for the night shift was 1 year, ranging 

from 3 months up to 2 years 4 months. All operators obtained their 

training with the Company with one exception, a girl on the day shift. 

All operators found their job very easy or easy to do. 

Nevertheless, 50% found the job very or fairly tiring. In Table 3 

is given the subjective feeling of tiredness experienced by each 

shift. 

Table 3. Degree of tiredness experienced by different shifts. 

Scale Day Evening Night Total Shift Shift Shift 

Very tiring 

Fairly tiring 27 1 1 29 

Not particularly 
tiring 17 6 4 27 

Not tiring at all 2 2 

Total 44 7 7 58 

- 0 

Chi-squared tests were carried· out on' the 'data ·,relating to each 

question reported below, with the exception of questions 14 - 19, 

which unfortunately were not appropriate for a chi-square, to 

establish the following: / 

-13-. 
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(i) Whether or not the frequency of response was equally spread 

over response categories, vlhen no dis tinction 'was made between 

shifts. 

(ii) Whether or not there was an association between subjective 

response and shift worked. 

(Hi) IVhether or not the frequency of response was equally spread 

over the response categories within the day shift. 

To facilitate the analyses certain response categories 

for a given question were combined, for example, 'very and fairly 

tiring' were combined into one cell. Simi larly, the response 

categories 'not particularly tiring' and 'not tiring at all' 

were combined. 

A complE;te example is shown in the chi-square carried out 

on the data shown in Table 3, the chi-square carried out on the 

other tables follow exactly the same pattern. 

Chi-squared tests were carried out on the data in Table 3,.to 

establish the following: 

(i) Analysis of differences 1n subjective responses with no 

distinction made between shifts, (henceforward termed "total 

responses"). To facilitate the analysis 'tiring' responses, 

i.e. very and fairly tiring were combined into one cell. 

Simi larly tht: resI-Jonses 'noi.: particularly tiring t and 'not 

tir~ng at all' were combined. It will be seen that an equal 

number of operators found the job tiring and not tiring. 

(a) 

(b) 

'Very tiring' and' fairly tiring'_ 

'Not particularly tiring' and 'not tiring at all' 

29 

29 

/ 58 

-14-



<\,2 N .. f' . h . d' ff . ~ = 0 on slgn1 Leant, 1.e. t ere 18 no 1 erence In 

frequency between (a) and (b) responses. 

Even though the result is statistically non significant, 

it cannot be overlooked that 29 out of 58 operators i.e., 

half of them find the work "tiring". 

(ii) Analysis of the relation between subjective responses and 

shift worked, (henceforward termed "interaction"). The 

original four response categories were divided up as in (i) 

above. Frequency of a response against shift is given below. 

Day shift (D) Evening shift (E) Night shift (N) 

(a) 27 1 .1 

(b) 17 6 6 

44 7 7 

Analysis is not possible in the present form due to small 

expectations in certain cells, (Siegel, So, 1956, Nonparametric 

statis tics). E and N can be combined as the response patterns 

are identical. 

D E + N 

(a) 27 2 29 

(b) 17 12 29 

44 14 58 

~2 = 9.42 with 1 df (.OOl<p<.Ol)o 

Significant, i.e. there is a significant association between 

response and shift worked. By looking at the data in the table 

above it will be seen that a majority of the day shift workers find 

-15-



the work tiring) but that a large majority of the operators 

on the evening and night shift (i.e. 12 out of 14 operators) 

find the work non-tiring. 

(iii) Analysis of difference in subjective response within 

the day shift, (henceforward termed "within the day shift"). 

The original four response categories for the day shift' were 

combined as in analysis (i) and (ii) above. Frequency of 

response within the day shift is given below. 

(a) 27 

(b) 17 

44 

~ = 2.27 (.10<p<.20). Non significant, i.e. the difference 

in frequency between (a) and (b) responses is non significant. 

The'result, even though non significant statistically should 

not be overlooked, as a large number i.e. 27 of the day shift 

operators found the work very or fairly tiring. 

The operators were asked to specify why they found the 

work tiring, if they had answered 'very tiring' or 'fairly 

tiring' to question 10. Their comments varied a good deal, 

but some of the more frequently occurring are listed below. 

Boring 

Same work all the time 

Sometimes the batches of work are too big 

Not enough work 

Strain on the eyes 

-16-
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A lot of concentration needed 

Lighting causes headache 

Table 4 shows the responses to the question, "How 

frequently do you get headache?". 

Table 4. Frequency of report of headache. 

Scale 
Day Evening Night Total Shift Shift Shift 

Often 6 2 8 

Sometimes 24 2 ·2 28 

Rarely 11 3 4 18 

Never 3 1 4 

Total 44 7 7 58 

Chi-squared tests were carried out on the data 1n Table 4. 

(i) Total responses. 

(a) Often and sometimes 36 

(b) Rare ly and never 22 

58 

.; ,; 3.38 wi th 1 df (. 05<.p<. 10) almos't" significant, Le. the 

difference in frequence between (a) and (b) is almost 

significant. Even though the number 36 is not significantly 

different from 22, nevertheless it can be seen that the 

/' 

-17-
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frequency of complaint in relation to headaches (represented 

by the former number) is large. 

(ii) Interaction. 

Analysis is not possible in the present form, (see (ii) 

for Table 3). But if the responses for the evening shift are 

to be coinbined, it must first be determined if the response' 

patterns for these two shifts are the same. 

D E N 

(a) 30 4 2 

(b) 14 3 5 

44 7 7 

To determine whether the response patterns are 

significantly different, Table I in Siege1, S., 1956, 

Nonparametric statistics, was used. It was found that the 

difference Ln response patterns waS non significant. Because 

of this it is possible to combine them. 

D E + N 

(a) 30 6 36 

(b) 14 8 22 

44 14 58 

x2 = 2.89 with 1 df (.05~<..10) almost significant, i.e. there 
. , 

is an almost significant association between responses and 

shift worked. That is to say, there is a tendency f~r more 

-18-



complaints to be made in relation to headaches by the day 

shift than the evening and night shifts. 

(iii) Within the day shift. 

(a) 30 

(b) 14 

44 

?t = 5.82 with 1 df (.01<p~.02) significant, i.e. there is 

a significant difference in frequency between (a) and (b) 

resportses. That is to say, a majority of operators (i.e. 30) 

on the day shift complained about headache. 

Table 5 shows the responses to the questions about 

eyestrain. 

Table 5. Frequency of report of eyestrain. 

Scale 
Day Evening Night Total 

Shift Shift Shift 

Often 7 2 2 .11 

Sometimes 23 2 4 29 

Rarely 8 1 9 

Never 6 2. 1 9 
-' 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in Table 5. 

-19-



(i) Total responses. 

(a) Often and sometimes 40 

(b) Rarely and never 18 

58 

2 'X = 8.34 1 df (.OOkp<.Ol) significant, i.e. the difference 

in frequency between (a) and (b) is significant. That is to 

say when no distinction is made between the shifts, a 

majority of the operators (i.e. 40) stated that they suffered 

from eyestrain. 

(ii) Interaction. 

Analysis is not possible in the present form, see (ii) 

for Tables 3 and 4. 

(a) 

(b) 

D 

30 

14 

44 

E N 

4 6 

3 1 

7 7 

The difference between the response patterns for the 

evening and night shift is non-significant. Therefore 

the data for these two shifts may be combined. 

D E + N 

(a) 30 10 40 

(b) 14 4 18 

44 14 58 

~ 

/ 
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)(2 = .05 with 1 df non significant, i.e. the association 

between responses and shift worked is non significant, That 

is to say, proportionately the same number of operators complain of 

eyestrain in the day shift as in the evening and night shift. 

(iii) Within the day shift. 

(a) 30 

(b) 14 

44 

?t = 5.82 with 1 df (.Ol<p<.02) significant, i.e. there is 

a significant difference in frequency between (a) and (b) 

responses. That is to say, a majority of the day shift 

operators; (i.e. 30) suffer from eyestrain. 

The results from the questions about the environment are 

shows below. Table 6 shows the responses to the question 

about the temperature· in the office during winter . 

• -21-



Table 6. Responses to the temperature experienced in winter. 

Day Evening Night 
Total 

Scale Shift Shift Shift 

Too cold 1 

2 5 1 6 

3 13 1 2 16 

4 17 3 3 23 

5 7 1 8 

6 1 1 2 

Too hot 7 1 1 1 

No reply 1 1 2 

Total 44 7 7 58 

Table 6 shows that the operators are fairly satisfied with 

the temperature in the office during winter. 

Table 7 shows the responses to the question about the 

temperature in the office during summer. 

-22-



Table 7. Responses to the temperature experienced in surmner. 

Scale 
Day Evening Night 

Total 
Shift Shift Shift 

Too cold 1 

2 1 1 

3 2 1 3 

4 11 2 2 15 

5 15 2 17 

6 11 11 

Too hot 7 4 4 

No reply 4 3 7 

Total 44 7 7 58 

Table 7 shows that the operators are fairly satisfied 

with the temperature in the office during surmner, but there are 

slightly more responses towards "too hot" than towards "too cold" 

Tables 8 and 9 show the responses to the questions about the 

ventilation during winter and surmner. 

/ 
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Table 8. Responses to the ventilation experienced in winter. 

Scale Day Evening Night 
Total Shift Shift Shift 

Stuffy 1 13 1 2 16 

2 11 1 2 14 

3 12 1 13 

4 5 2 1 8 

5 2 1 3 

6 1 1 

Fresh 7 1 1 

No reply 1 1 2 

Total 44 7 7 58 

Table 9. Responses to the venti lation exp·erienced in sunnner. 

Scale Day Evening Night 
Total Shift Shift Shift 

Stuffy 1 11 11 

2 10 2 12 

3 10 1 11 

4 - 11 2 2 15 

5 1 1 

6 1 1 

Fresh 7 

No reply 4 3 7 

Total 44 7 . 7 58 , 
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Tables 8 and 9 show that the majority of the responses 

about the ventilation in the office, both during the "inter 

and during the summer, are towards "stuffy". Table 10 shows 

responses to the question about the lighting in the office. 

Table 10. Responses to lighting. 

Scale 
Day Evening Night Total Shift Shift Shift 

Dim 1 1 1 

2 4 4 

3 7 2 9 

4 20 3 5 28 

5 2 1 1 4 

6 5 1 6. 

Too bright 7 6 6 

Total 44 7 7 58 

Table 10 shows that the majority of the operators are 

satisfied with the lighting in the office. Table 11 shows 

responses to the question about the noise in the office. 

/ 
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Table 11. Responses to noise. 

Scale Day Evening Night Total 
Shift Shift Shift 

Quiet 1 1 1 

2 2 1 3 

3 10 2 2 14 

4 15 2 4 21 

5 11 11 

6 3 3 

Intolerably 7 4 4 
Noisy 

No reply 1 1 

Total 44 7 7 58 

Table 11 shows that most operators are fairly satisfied 

with the noise in the office, but there is a difference between 

the day, evening and night shift. The day shift complains more 

about the noise that the evening and night shift, this is not 

surprising as there are more operators on the day shift and the 

noise level in the office is probably higher. 

The reason for there being no replies by some of the 

operators in Tables 6, 7, 8 and 9. is that they had not been 

working long enough in this office to have experienced 

the que s tions • 

The reason that one operator did not answer the question -
about noise (Table 11) is that the operator is deaf., 



No objective measurements were carried out on the thermal, 

visual and acoustic environments. It was originally hoped 

that it might be possible to do so but there was some resistance 

from the management, and the matter was not pressed further. 

It is the author's subjective opinion (after having worked 

in the office for several months) that it would be worth an 

investigation into the environment, and mainly the auditory 

envi ronmen t. 

The noise is sometimes very disturbing, mainly when the. 

section has a lot of work to do, e.g. 30 - 40 punch machines 

are working at the same time. Furthermore, the auditory 

enviroment is made even more unpleasant by the prescence of 

a teletype machine. This machine punches a tape and also 

types a printout. Both of these .operations are very noisy. 

The teletype machine is used three times a· day. Altogether 

it is used for about one hour and fifteen minutes per day. 

This machine could easily be acoustically shielded to reduce 

the noise level. 

Table 12 shows the responses to the question about glare 

from the artificial lighting. 

/ 
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Table 12. Response to glare for artificial lighting. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Not noticeably 8 5 2 15 

Hardly noticeably 11 1 12 

Just noticeably 14 2 4 20 

Very noticeably 11 11 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in Table 12. 

Ci) Total responses. 

Ca) Not noticeable and hardly noticeable 27 

Cb) Just noticeable and very noticeable 31 

58 

2 
~ = 0.28 with 1 df non significant, i.e. the difference in 

frequency between Ca) and Cb) is non significant. Even though 

the result is statistically non significant, it cannot be 

overlooked that 31 out of 58 operators find the artificial 

light glaring. 

Cii) Interaction. 

Analysis is not possible!in the present form, see Cii) 

for Table 3 and Table 4. 

/ 
/ 
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D E N 

(a) 19 5 3 

(b) 25 2 4 

44 7 7 

The difference in response patterns between the evening 

and night shift is non significant. Therefore the data for 

these shifts may be combined. 

D E + N 

(a) 19 8 27 

(b) 25 6 31 

44 14 58 

~ = 0.83 with 1 df non significant, i.e. the association 

between responses and shift worked 1S non significant. That 

is to say, proportionally the same number of operators complain 

about glare on the day shift as on the evening and night shifts. 

(iii) Hithin the day shift 

(a) 19 

(b) 25 

44 

2 X = 1 non significant, i.e. the difference in frequency 

between (a) and (b) responses is non significant. Even though 

the result is statistically non significant, it cannot be 

overlooked that 25 out of the 44 operators on the day shift find 

the artificial light glaring. 
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Table 13 shows the responses to the question about the 

working surface. 

Table 13. Responses about the 'wrking surface. 

Scale Day Evening Night Total Shift Shift Shift 

Plenty 1 1 2 

Enough 21 5 4 30 

Barely enough 11 2 2 15 

Not enough 11 11 

Total 44 7 7 58 

Figure 3 shows the machine and the working surface. 

Chi-squared tests were carried out on the data in Table 13. 

(i) Total response. 

(a) Plenty and enough 32 

(b) Barely enough and not enough 26 

58 

x2 
= 1 non significant, i.e. the difference in frequency 

between (a) and (b) is non significant. Even though the 

result is statistically non significant ·it will be noted 

that 26 out of the 58 operators find the working surface 

barely adequate to inadequate from a spatial point of view. 

/ 
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(ii) Interaction. 

Analysis is not possible in the present form, see (ii) 

for Table 3 and 4. 

D E N 

(a) 22 5 5 

(b) 22 2 2 

44 7 7 

The difference in pattern of responses between the 

evening shift and night shift is non signi.ficant. Therefore, 

the data for these shifts may be combined. 

D E + N 

(a) 22 10 32 

(b) 22 4 26 

44 14 58 

)(2 = 1.97 with 1 df non significant, i.e. the association 

between responses and shift worked is non significant. That 

is, proportionately speaking, the same number of operators 

find adequate space available on the work surface both in 

the day shift on the one hand, and the evening and night 

shift on the other. 

(iii) Within the day shift 

(a) 22 

(b) 22 

44 

~31-
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')(2 = "'1 non significant, i.e. the difference in frequency 

between (a) and (b) responses is non significant. Even though 

the result is statistically non significant, it can be seen 

that a large number (i.e. 22) of the 44 operators on the 

day shift find the working surface area barely adequate or 

inadeq uate. 

Table 14 shows the responses to the question, "How easy 

is the machine to operate?". 

Table 14. Responses about difficulties of machine operation. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Very easy 15 3 1 19 

Easy 19 3 3 25 . 

S ads factory 10 1 3 14 

Difficult 

Very difficult 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in 

Table 14. 

(i) ,Total responses. 

(a) Very easy, Easy and Satisfactory 58 

(b) Difficult and Very difficult 0 

58 
/ 
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)( = 58.00 with 1 df (p<.OOl) (highly significant) ~. e. 

the difference in frequency between (a) and (b) is highly 

significant. That is to say, none of the operators find the 

machine difficult to use. 

(ii) Interaction 

Analysis is not possible in present form, see (ii) for 

Table 3 and Tab le 4. 

D E N 

(a) 44 7 7 

(b) o o o 

44 7 7 

The difference in pattern of response between the evening 

and night shift is non significant. Therefore the data for 

these shifts may be combined. 

D E + N 

(a) 44 14 58 

(b) o o o 

44 14 58 

2 
;X = <1· with 1 df (non significant), i.e. the association 

between responses and shift worked is non significant. That 

is t.o say, proportionately speaking , the··same numbers of 

operators on the day shift and on the evening and night shift 

combined have no difficulties in operating the machines. 

-33-
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(iii) Within the day shift. 

(a) 44 

(b) 0 

44 

~2 = 44.00 with 1 df (p<.OOl) (highly significant), i.e. the 

difference in frequency between (a) and (b) responses is 

highly significant. That is to say, all the operators on the 

day shift have no difficulties in operating the machines. 

Tab le 15 shows the responses to the ques tion about keeping 

documents and cards readily to hand. 

Table 15. Responses about keeping documents and cards readily 
to hand. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Very easy 5 1 6 

Easy 17 5 2 24 

Satisfactory 21 1 5 27 

Difficult 1 1 

Very difficult 

44 7 7 58 

Chi-squared tests were carried out on the data in 

Table 15. 

(i) Total responses. 

(a) Very easy, Easy an~ Satisfactory 57 .. 
/ 

(b) Difficult and Very difficult 1 

58 

-34-



~2 = 54.07 with 1 df (p<.OOl) (highly significant), i.e. 

the difference in frequency between (a) and (b) is highly 

significant. That is to say, the vast majority of the 58 

operators find it easy to keep documents and cards readily to 

hand. 

(ii) Interaction. 

Analysis is not possible 1n the present form, see (ii) 

for Table 3 and Table 4. 

(a) 

(b) 

D 

43 

1 

44 

E 

7 

o 

7 

N 

7 

o 

7 

The difference in response pattern between the evening and 

night shift is non significant. Data for the evening and 

night shifts may therefore be combined. 

(a) 

(b) 

D 

43 

1 

44 

E + N 

14 

o 

14 

57 

1 

58 

~2 = <1 with 1 df non significant, i.e. the association 

between responses and shift worked is. non· significant. That 

is to say, proportionately the same number of operators on 

the day shift as on the evening and night shifts combined 

have no difficulties 1n keeping documents and cards readily 

to hand. / 
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(iii) Within the day shift. 

(a) 43 

(b) 1 

44 

?(2 = 40.09 with 1 df (p<.OOl) highly significant, i.e. the 

difference in frequency between (a) and (b) responses is 

highly significant. All but one of the 44 operators on the 

day shift have no difficulties in keeping documents and 

cards readily to hand. 

Table 16 shows the responses to the question about how 

_ well they see the cards in the machine. 

Table 16. Responses to how well the operators see the cards 
in the machine. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Very -well 8 1 9 

Well 10 2 12 

Satisfactorily 25 4 3 32 

Badly < 1 1 3 5 

Very badly 

T9tal 44 7 7 58 

Chi-squared tests were carried out on the data in Table 

/ 
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. (i) Total responses. 

(a) Very well, Well and Satisfactorily 

(b) Badly and very badly 

')(2 = 39.72 with 1 df (p(.OOl) (highly' significant) i.e. 

53 

5 

58 

the difference in frequency between (a) and (b) is highly 

significant. Only 5 out of the 58 operators have difficulties 

in seeing the cards in the machine. 

(ii) Interaction. 

Analysis is not possible in the present form, see (ii) 

. for Table 3 and Table 4. 

(a) 

(b) 

D 

43 

1 

44 

E 

6 

1 

7 

N 

4 

3 

7 

The difference in response patterns between the evening 

and night shift is non significant, the data for these 

shifts may therefore be combined. 

(a) 

(b) 

D 

43 

1 

44 

E + N 

10 

4 

14 
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')(2 =<.1 with 1 df (non. significant) Le. the association between 

responses and shift worked is non significant. That is to say. 

proportionately the same number of operators ·on the day shift 
- -. 

as· on . the evening and night. shift;· combined have no difficulties 

in seeing the cards in the machine •. 

(iii) Within the day shift. 

(a) 43 

(b) 1 

44 

x = 40.09 with 1 df (p<..OOl) (highly significant) with difference 

in frequency between (a)· and (b) is highly significant. That is 

to say. a_significant number (i.e. 43 out of 44 operators) on 

the day shift have no difficulties in seeing the cards in the machine. 

Table 17 shows the responses to the question about space 

around the machine for normal movements. 

Table 17. Satisfaction "ith space around the machine for 
normal move men t. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Plenty 4 3 2 9 

Enough 29 4 5 38 
.-' 

Barely enough 8 8 

Not enough 3 3 

Total 44 7 7 :58 
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Chi-squared tests were carried out on the data in Table 17. 

(i) Total responses. 

(a) Plenty and Enough 47 

(b) Barely enough and Not enough 11 

58 

~2 = 22.34 with 1 df (p<.OOl) (highly significant), i~e. the 

difference in frequency between (a) and (b) is highly significant. 

That is to say, a significantly large number, (i.e. 47 out of 

58 operators) have sufficient space around the machine for 

normal movement . 

. (ii) Interaction 

Analysis is not possible in present form, see (ii) for 

Table 3 and 4. 

(a) 

(b) 

D 

33 

11 

44 

E 

7 

o 

7 

N 

7 

o 

7 

The difference 1n response pattern between t~e evening 

and night shift is non significant, the data for these two 

shifts may therefore be combined. 
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(a) 

(b) 

D 

33 

11 

44 

E + N 

14 

o 

14 

47 

11 

58 

'X2 ;.::1 non significant, i.e. the association between responses 

and shift worked is non significant. That is to say, 

proportionately the same number of operators express satisfaction 

with the space round the machine on the day spift as on the evening 

and night shifts. 

(iii) Within the day shift. 

(a) 33 

(b) 11 

44 

x ; 11. 00 wi th 1 df (p<:.OOl (highly significant) i. e. the 

difference in frequency between (a) and (b) responses is highly 

significant. That is to say, a significant number (i.e. 33 

out of 44 operators on the day shift) are satisfied with the space 

for normal movement around the machine. 

Table 18 shows the responses to the question about space 

while adjacent machine is under repair. 

/ 
-40-



Table 18. Satisfaction with space while an adjacent machine is 
under repair. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Plenty 3 1 4 

Enough 8 5 4 17 

Barely enough 25 1 1 27 

Not enough 8 8 

No reply 2 2 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in Table 

18. 

(i) Total responses. 

(a) Plenty and enough 21 

(b) Barely enough and nor enough 35 

56 

~2; 3.50 with 1 df (.05<p(.10) (almost significant) i.e. the 

difference in frequency between (a) and (b) is almost significant. 

Even if the statistical result is not highly significant, it 

cannot be overlooked that 35 out of 56 operators are dissatisfied 

with the space provision while an adjacent rna~hine is under repair. 

/ 
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(ii) Interaction. 

Ans1ysis is not possible in present form, see (ii) for 

Table 3 and Table 4. 

D E N 

(a) 11 6 4 

(b) 33 1 1 

44 7 5 

The difference in response pattel~ between evening and 

night shift is non significant; therefore the data for these 

shifts may be combined. 

(a) 

(b) 

D 

11 

33 

44 

E + N 

10 

2 

12 

21 

35 

56 

,<2"= 13.68 with 1 df (p(.OOl) (highly significant), i.e. the 

association between responses and shift worked is highly 

significant. The majority of the day shift complained about 

space around the machine (while an adj acent machine was under 

repair). The majority of the evening and night shift 

operators found the space adequate. 

(iii) Within the day shift. 

(a) 11 

(b) 33 

44 
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~2 = 11.00 with 1 df (pt-001) (highly significant) i.e. 

the difference in frequency between (a) and (b) responses is 

highly significant. That is to say,·a substantial majority 

(i.e. 33 out of 44 operators on the day shift) are dissatisfied· 

with the space available while an adjacent machine is under 

repair. 

The operators were also asked to write down their 

comments, if they thought anything else caused problems or 

difficulties with· the space around the machines. A couple 

of the comments supplied by several of the operators are 

listed below. 

1. Not enough space for the trolleys. 

2. Not enough space behild the chairs where there is a 

storage unit behind them that is frequently used. 

Table 19 shows the responses to the question about the 

likes and dislikes of the chair. 

Table 19. Responses to seating. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Like the chair 31 6 3 40 

Dislike the 13 1 4 18 
chair 

Total 44 7 7 58 

/ 
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Chi-squared tests were carried out on the data in 

Table 19. 

(i) Total reponses. 

(a) Like 40 

(b) Dislike 18 

58 

x = 8.34 with 1 df (. OOl<p,(. 01) significant, i. e. the 

difference in frequency between (a) and (b) is significant. 

The great majority of the operators like the seating provided. 

Nevertheless one cannot overlook the fact that 18 operators out 

. of 58 dis like the chairs provided. 

(ii) Interaction. 

Analysis is not possible in present form, see (ii) for 

Table 3 and Table 4. 

(a) 

(b) 

D 

31 

13 

44 

E 

6 

1 

7 

N 

3 

4 

7 

The difference in response pattern between the evening and 

night shift is non significant: the data for these shifts may 

therefore be combined. 

( a) 

(b) 

D 

31 

13 

44 

E + N 

9 

5 

14 
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, 

2 . 
)( = ~l with 1 df non significant, i.e. the association 

between responses and shift worked is non significant. That 

is to say proportionately the same number of operators like 

the seating provided on the day shift as on the evening and 

night shift. 

(iii) Hi thin the day shift 

(a) 31 

(b) 13 

44 

2 
)( = 7.36 with 1 df (.OOl~p<.Ol) (significant) i.e. the 

. difference in frequency between (a) and (b) responses 

is significant. The majority of the day shift operators like 

the seating provided. However, 13 out of 44 operators dislike 

the chair. 

Table 20 shows the responses to the question about 

adjustability of seat height. 

Table 20. Responses to adjustability of seat height. 

Scale 
Day Evening Night 

Total 
Shift. Shift. Shift. 

Very easy 6 1 7 

Easy 17 2 2 21 

Satis factory 7 2 4 13 

Difficult 12 1 13 

Very difficult 2 1 3 

No reply 1 1 .. , 

Total 44 7 7 58 
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Chi-squared tests were carried out on the data in 

Table 20. 

(i) Total responses. 

(a) Very easy, Easy and Satisfactory 

(b) Difficult and Very difficult 

41 

16 

57 

~2 = 10.96 with 1 df (p<.OOl) (highly significant) i.e. the 

difference in frequency between (a) and (b) is highly 

significant. The majority of operators find the adjustability 

of seat height satisfactory or better. Nevertheless, one 

. cannot overlook the fact that 16 out of 57 operators find it 

difficult to adjust the seat height. 

(ii) Interaction. 

Analysis is not possible in present form, (see (ii) 

for Table 3 and Table 4.) 

(a) 

(b) 

D 

30 

14 

44 

E 

4 

2 

6 

N 

7 

o 

7 

The difference in response pattern between the evening 

and night shift is non significant, therefore, the data from 

these shifts may be combined. 

(a) 

(b) 

D 

30 

14 

44 

E + N 

11 

2 

13 
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~2 = 1 with 1 df (non significant) i.e. the association between 

responses and shift worked is non significant. The response 

patterns for the day shift is the same as that for the evening 

and night shift combined. 

(iii) Within the day shift. 

(a) 30 

(b) 14 

44 

-x2 = 5.82 wi th 1 df (. OlL.p L. 02) (significant) i. e. the 

difference in frequency between (a) and (b) responses is significant . 

. The majority of the day shift operators find seat adjustability 

satisfactory and better. Nevertheless, it cannot be overlooked that 

14 out of 44 operators on the day shift find it difficult to adjust 

the seat height. 

Table 21 shows the responses to the question about adjustability 

of the back rest. 

Table 21. Responses to adjustability of back rest. 

Scale 
Day Evening Night Total 

Shift Shift Shift 

Very easy 1 1: 2 

Easy 10 3 3 16 

Satis factory 17 1 3 21 

Difficult 12 1 5 

Very difficul t 4 1 5 

Total 44 7 7 58 
.... /" . 
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Chi-squared tests were carried out on the data in 

Table 21. 

(i) " Total responses. 

(a) Very easy, Easy and Satisfactory 

(b) Difficult and Very difficult 

39 

19 

58 

?(2 = 6.90 with 1 df (.00~~.01) significant, i.e. the 

difference in frequency between (a) and (b) is significant. 

The majority of the operators find the adjustability of the 

seat back rest satisfactory or better. Nevertheless a 

substantial number, (Le. 19) find the adjustment mechanism 

difficult or worse. 

(ii) Interaction 

Analysis is not possible in present form, see (ii) 

for Table 3 and Table 4. 

(a) 

(b) 

D 

28 

16 

44 

E 

4 

3 

7 

N 

7 

o 

7 

The difference in response patterns between the evening 

and night shift is non signifiJ'ant: the""data for these shifts 

may therefore be combined. 

/ 
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---- --------

D E + N 

(a) 28 11 39 

(b) 16 3 19 

·44 14 58 

-x: = '" 1 with 1 df non significant, i.e. the association between 

responses and shift worked is non significant. The pattern 

of response on the day shift is effectively the same as the 

pattern of response for the combined data for the evening 

and night shifts. 

(iii) Within the day shift. 

(a) 28 

(b) 16 

44 

~ = 3.27 with 1 df (.05<p<.lO) almost significant, i.e. the 

difference in frequency between (a) and (b) responses is 

almost significant. Even though the result is statistically 

almost significant in form of desirable responses, one cannot 

overlook that 16 out of 44 operators on the day shift find 

it difficult to adjust the backrest. 

,Table 22 shows the responses to the 'question about 

chair comfort. 

/ 
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Table 22. Responses ·to chair comfort. 

Scale Day Evening Night 
Shift Shift Shift Total 

Very comfortable 2 1 3 

Comfortable 23 5 28 

Satisfactory 13 2 3 18 

Uncomfortable 6 3 9 

Very .. 
uncomfortab le 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in Table 22. 

(i) Total responses. 

(a) Very comfortable, Comfortable and Satisfactory 49 

(b) Uncomfortable and Very uncomfortable 9 

58 

~ = 27.59 with 1 df (p(.OOl) (highly significant) i.e. the 

difference in frequency between (a) and (b) is highly 

significant. The majority (i.e. 49 out of 58 operators) are 

satisfied with chair comfort. 

(ii) Interaction 

Analysis is not possible in the present form, see (ii) 

for Table 3 and Table 4. 

/ 

.. -50-



D E N 

(a) 38 7 4 

(b) 6 o 3 

44 7 7 

The difference in response pattern between the evening 

and night shift is non significant: the data for these shifts 

may be combined. 

D E + N 

(a) 38 11 49 

(b) 6 3 9 

44 14 58 

-x2 
= <1 with 1 df non significant;, i.e. the association 

between responses and shift \,orked is non significant. That 

is to say the pattern of response for the day shift is the 

same as that for the evening anf night shifts combined. 

(iii) Within the day shift. 

(a) 38 

(b) 6 

44 

2 X = 23.27 wi th 1 df (p<.OOl) highly signficant. i. e. the 

difference in frequency between Ca) and (b) responses is 

highly significant. That is to say. a substantial majority 

(i.e. 38 out of 44 operators on the day shift) are satisfied 

with the chair comfort. 
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----~-------~--

Table 23 shows the responses to the question about being 

able to keep the feet comfortable on the floor when working. 

Table 23. Responses to feet ~comfort. 

Scale Day Evening Night Total Shift Shift Shift 

,Feet comfortable 
on the floor 29 4 7 40 

Feet uncomfortable 
in the floor 15 3 0 18 

Total 44 7 7 58 

Chi-squared tests were carried out on the data in 

Tab le 23. 

(i) Total responses 

(a)Feet comfortable on the floor 40 

(b)Feet uncomfortable on the floor 18 

58 

2 :x = 9.93 with 1 df (.OO1<.p{.Ol) (significant) Le. the 

difference in frequency between (a) and (b) is significant. 

That is to say, a substantial majority (i.e. 40 out of 58 

operators) can place the feet comfortably on the floor when 

working. It should be noted t,bat quife"a number (18) cannot 

do so. 

(ii) Interaction 

Analysis is not possible In the present form, see (ii) 

for Table 3 and Table 4 • 
/ 
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D E N 

(a) 29 4 7 

(b) 15 3 0 

44 7 7 ',. 

The difference in response pattern bet"een the evening 

and night shift is non significant: therefore the data from 

these 'shifts may be combined. 

D E + N 

(a) 29 11 40 

(b) 15 3 18 

44 14 58 

)\2 = 2.01 "ith df non significant,. i.e. the association bet"een 

response and shift "orked is non significant. That is to 

say the pattern of response for the day shift is the same as 

for the evening and night shifts combined. 

(iii) Within the day shift 

(a) 29 

(b) 15 

44 

2 'X =.4.45 "ith 1 df (.02«p<:.05) significant, i.e. the difference 

in frequency bet"een (a) and (b) responses is significant. 

That is to say a substantial majority (i.e. 29 out of 44 operators 

on the day shift) can have the feet comfortably on the floor "hen 

"orking. Nevertheless, .15 operators cannot place their feet 

comfortably on the floor "hen "orking. 
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Table 24 shows the responses to the question about the 

support provided by the back rest on the seat. 

Table 24. Responses to·support provided by the chair back rest. 

Scale 
Day 

Shift 

Very good 2 

Good· 11 

Satisfactory 18 

Poor 12 

Very poor 1 

44 

Evening 
Shift 

5 

2 

7 

Night 
Shift 

1 

3 

2 

1 

7 

Total 

2 

17 

23 

14 

.2 

58 

Chi-~quare tes ts were carried out on the data in Tab le 24. 

(i) . Total responses. 

(a) Very good, Good and Satisfactory 42 

(b) Poor and Very poor 16 

58 

x2 
= 11.66 with 1 df (p<.OOl) highly significant, i.e. the 

difference in frequency between (a) and (b) is significan.t. 

That is to say, a majority of the operators, (Le. 42 

out of 58) are satisfied· with the support·provided by the 

backrest. Nevertheless 16 operators find the support provided 

poor or worse. 

(ii) Interaction. 

Analysis is not possible in present form, see·(ii) for 

Table 3 and Table 4. 
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-----~----------------------~------------------

D E N 

(a) 31 7 4 

(b) 13 0 3 

44 7 7 ,. 

The difference in response pattern between evening and night 

shift is non significant. the data in these shifts were combined. 

D E + N 

(a) 31 11 42 

(b) 13 3 16 

44 14 58 

?(2 ~~1 with 1 df (non significant) i.e. the association between 

responses and shift worked is non significant. That is to say 

the pattern of response for the day shift is the same as .that 

for the evening and night shift combined. 

(Hi) Hithin the day shift • 

. (a) 31 

(b) 13 

44 

2 
?(. ~ 7.36 with 1 df (.OOl(p<.Ol) Csignficant) i.e. the difference 

in h"equency between (a) and Cb) response·· is significant. That 

-is to say. a majority (31 out of 44 operators·· on the day shift) 

are satisfied with the support provided by the backrest. It will be 

noted that 13 of the 44 operators find the bacKrest support poor 

or worse. / 
/ 
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complained of pain_ 
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Table 25 shows the responses to the question. about 

muscular pain. 

Table 25. Responses ·about muscular pain. 

Scale 
Day 

Shift 
Evening 
Shift 

Night 
Shift Total 

Often 6 1 7 

S omestimes 20 3 5 28 

Rarely 12 2 1 15 

Never 2 8 

Total 44 7· 7 58 

Ghi-squared tests were carried out on the data in 

Table 25. 

(i) Total responses. 

(a) Often and Sometimes 35 

(b) Rarely and Never 23 

58 

x2 = 2.48 with 1 df (non significant) i.e. the difference 

~n frequency between (a) and (b) is non significant. Even 

though the result is non significant, it cannot be overlooked that 

35 out of 58 operators suffer Jrom muscular pain. 

(ii) Interaction. 

Analysis is not possible ~n present form, see (ii) .--
for Table 3 and Table 4. 
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(a) 

(b) 

D 

26 

18 

44 

E 

3 

4 

7 

N 

6 

-1 

7 

The difference in response pattern between evening and 

night shift is non significant: the data from the two shifts 

may therefore be combined. 

(a) 

(b) 

D 

26 

18 

44 

E +"N 

9 

5 

14 

35 

23 

58 

x = <=-1 with 1 df (non significant) i.e. the association between 

responses and shift worked i's non significant. That is to say 

the response pattern for the day shift is the same as that for the 

evening and night shifts combined. 

(iii) Within the day shift 

(a) 26 

(b) 18 

44 

,,2 = 1.45 with 1 df non significant, i.e.",the difference 

in frequency between (a) and (0) is non significant. Even 

though the result is non significant, it will be noted that 26 out 

of the 44 operators on the say shift suffer from muscular pain. 

/ 
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If the operator answered 'often' or 'sometimes' on 

the question reported in Table 25, they "ere asked to try 

to specify on a diagram of the body, ·where they got muscular 

pain. The results are shown in Figure 4 and Figure 5. The 

operators were also asked if they had anything they would 

like to say about the chair, that had not been included 

in the questionnaire. Some of the comments are listed below. 

1. Not enough adjustment height. 

2. Footrest needed. 

3. Back rest not stiff enough. 

4. The adjustability of the back rest ~n height never stays 

in the correct position. 

5. Could do with more cleaning. 

6. Oil comes off the chair and spoils clothes. 

Table 26 shows the responses to the question about 

space in the data preparation section as a whole. 

Table 26. Responses about space in the office as a whole. 

Scale 
Day Evening Night 

Total 
Shift Shift Shift 

Plenty 2 4 3 9 

Enough 35 3 4 42 

Barely enough 4 4 

Not enough :3 3 

Total 44 7 ·7 58 

, 
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Chi-squared tests ,.ere carried out on the data in 

Table 26. 

(i) Total responses. 

(a) Plenty and Enough 51 

(b) Barely Enough and Not 
Enough 7 

58 

~2 ; 33.38 with 1 df (p~.OOl) (highly significant) i.e. 

the difference in frequency between (a) and (b) is highly 

significant. That is to say, a substantial majority (i.e. 

51 out of 58 operators) think there is enough space in the 

office as a whole. 

(ii) Interaction 

Analysis is not possible in present form, see (ii) for 

Table 3 and Table 4. 

D E N 

(a) 37 7 7 

(b) 7 o o 

44 7 7 

The difference in response pattern between the evening and 

night shift is non significant: the data from these shifts may 

therefore be combined. 

D E + N 

(a) 37 14 51 

(b) 7 o 7 

/ 

44 14 58 
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2 'X = <: 1 with 1 df (non significant) i.e. the association 

between responses and shift worked is non significant. That 

is to say, proportionately the same number of operators 

in the day shift as in the evening and night shift combined 

think there is enough space in the office. 

(iii) Within the day shift 

(a) 37 

(b) 7 

44 

'>(2 = 20.45 with 1 df (p(.OOl) highly significant, i.e. the 

difference in frequency between (a) and (b) is highly 

significant. That is to say a substantial majority(Le., 

37 out of 44 operators on the day shift) think there is 

enough space in the office as a whole. 

Table 27 shows the responses to the question about the 

layout of the data preparation section. 

Table 27. Responses about the layout of the 'data preparation 
section. 

Scale 
Day Evening Night 

Total Shift Shift Shift 

Very good 1 2 2 5 

Good 10 4 2 16 

Satisfactory 28 1 2 31 

Poor 5 5 

Very poor 

No reply 1 
/ 

1 

T,ota1 44 7 7 58 
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Chi-squared tests were carried out on the data ~n 

Table 27. 

(i) Total responses. 

(a) Very good, Good and Satisfactory 52 

(b) Poor and Very poor 5 

57 

)(2 = 38.75 with I df (p<.OOI) highly significant, i.e. the 

difference in frequency between (a) and (b) is highly 

significant. The vast majority (i.e. 52 out of 57 operators) 

are satisfied with the layout of the data preparation 

section. 

(ii) Interaction 

Analysis is not possible ~n present form, see (ii) 

for Table 3 and Table 4. 

(a) 

(b) 

D 

39 

5 

44 

E 

7 

o 

7 

N 

6· 

o 

6 

The difference in response pattern between evening and 

night shift is non significant: the data for these shifts 

may be combined. 

(a) 

(b) 

D 

39 

5 

44 

E + N 

13 

o 

13 
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~2 = '1 with 1 df (non significant), i.e. the association 

between responses and shift worked is non significant. That 

is to say, proportionately the same number of operators in 

the day shift as in the evening and night shift combined are 

satisfied with the layout in the data preparation section. 

(iii) Within the day shift. 

(a) 39 

(b) 5 

44 

?(2 = 26.27 with 1 df (PZ.OOl) (highly significant), i.e. the 

difference in frequency between (a) and (b) responses is 

highly significant. That is to say a very substantial number 

(i.e. 39 out of 44 operators on the day shift) is satisfied 

with the layout of the data· preparation section. 

Tables 26 and 27 show that the operators are satisfied 

with the amount of space in the office as a whole and that 

they are satisfied with the layout of the office. See Figures 

1 and 2 for the office layout. 

Once again the operators were asked to write their 

comments. 

The only comment they had, (and it was said by several of 

the operators), was that "the· p·osition .o:f the supervisor leads 

to unfair distribution of work". 

As can be seen in the questionnaire, the operators were 

asked to list the five documents which they thought were 

easiest to read. They were also asked to try to specify why 
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they were difficult to read, and if they thought they could' 

be improved, they were asked what changes they would 

suggest. 

The five documents that were regarded as most difficult 

are listed below., 

Table 28. Most difficult documents. 

Day shift. Evening shift Night shift Total 

Document number 403 403 234 403 

" " 243 243 403 243 

" " Credit sales 245 241 Credit; 

" " 204 241 81 

", " 245 244 398 

Table 28 shows the five documents that were regarded ~s 

difficult for each shift, plus a total, e.g. the documents that 

had most complaints including all shifts. Some of the reasons, 

given by the operators why they thought the documents are bad are 

listed below. 

1; Bad.writing. 

2.. Bad carbon. 

3. Not first copy. 

4. Not enough space for writing on the documents. 

5. Print not clear enough. 

6. Alterations are unreadable. 

7. Transparent paper. 

8. Illegible. 
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9. Because of bad writing, letters are very easily mistaken 

for another. 

Some of the suggestions for improvement supplied by the 

operators are listed below. 

1. Whenever possible documents should be typed. 

2. Course in handwriting. 

3. Alterations should always be made on a new line. 

4. Bigger writing space. 

5. Documents should not be on transparent paper. 

The five documents that are regarded as easy to read are 

listed below, in the same way as the difficult ones. 

Table 29. Easy documents. 

Day shift Evening shift Night shift Total 

Document number 247 247 247 247 

;. Local Local 
" " Purchases 145 150 Purchases 

(PA20) (PA20) 

" " 141 141 246 141 

" " 398 149 244 398 

" " 399 150 161 399 

Some of the comments given by the operators why they thought 

they are easy to read are stated below. 

1. Some are only numeric. 

2. ~ore space on these documents. 

3. They are arranged in a better way. 

/ 
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On the last two questions in the questionnaire, the operators 

were asked if they had anything to say about their office or 

their job that had not been mentioned in the questionnaire. Some 

of the comments made by the operators on the first question which 

dealt with the office, are listed below. 

1. Better lighting. 

2. Not enough room under the machine. 

3. Too many restrictions. 

The comments on the last question which dealt with the job, 

are listed below. 

1. Unfair distribution of work, no relation to working 

abilities. 

2. Pain in· the hand sometimes. 

From the results of the questionnaire ·it can be seen that 

the majority of the operators are satisfied with the work stations 

and the office. The only question in connection with space, where 

complaints were made by a majority of the operators was that relating 

to space availability when an adjacent machine was under repair, 

(see question 2T, see also Table 18). The results reported in 

Table 18 are almost significant. 

An interesting result was obtained in seating, a majority 

of the operators find their chair accept~ble in terms of ease of 

adjustment of seat height and-back rest, and in terms of the general 

comfort provided, the facility of being able to put the feet on 

the floor, and the support provided by the bac~ rest. Though these 
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results are significant, a substantial minority of operators, 

in general numbering around 15 per question, commented adversly 

on the chair. An exception to the latter statement is provided 

by the question relating to chair comfort where only half a 

dozen or so commented adversly. Thus it would be mistaken to 

conclude that the chairs are necessary fully comfortable, or, if 

acceptable used to the best advantage in terms of adjustment 

available. This view is reinforced by the responses of the 

operators to the question about muscular pain. A very sub

stantial number of operators, a majority, complained about muscular 

pain in the lower back and mid-back. See Figure 4. 

All operators think their job is easy, but about 50% of them 

find it tiring, and a majority of the operators complained about 

headache and eyestrain. Table 4 shows the responses to the question 

about headache and the total responses are almost significant. The 

responses within the day shift are significant. Table 5 shows the 

responses to the question about eyestrain, the total responses are 

highly significant and the responses within the day shift are 

significant. But Table 10 shows that the majority of the operators 

are satisfied with the lighting, even if about 50% of the operators 

complained about glare, (see Table 12), but the results in Table 

12 are not significant. 

It seems unlikely from the responses to the questionnaire 

that the environment could cause any discomfort and difficulties 

for the operators. It also seems unlikely that the complaints· 

about headache and eystrain are caused by the .lighting, the cause 

/ 
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for this is probably to be found somewhere else, for example, " 

the source documents. The responses to the question about 

the most difficult shows that two high volume documents 403 and 

Credit Sales are regarded as difficult documents. The reasons 

given for them being difficult are bad handwriting, illegibility, 

etc. It seems more likely that this would be the reason for 

the headache and eyestrain as the operators spend a large 

proportion of their time working" on these documents. An additional 

factor observed by the author, but not specifically mentioned in 

the questionnaire, was the wide variety of source documents and 

the lack of compatibility between them, particularly in respect 

of layout. This undoubtedly, on a priori ergonomics grounds, 

adds to the difficulties and discomfort experienced by the operator 

and already mentioned above. 

To be able to find out" whether the source documents cause 

difficulties for the operators, it is first necessary to 

establish the key and error rate one can expect in a data 

preparation task like this. This has been done in the next section. 

/ 
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3.0. Literature Review of Production and Error Rates on Keyboard 
Entries 

3.1. Production Rates 

An upper limit to manual input rates, generally cited, was 

established by Dessler ~n 1892 (quoted in Devoe, 1967) m his 

studies of rates obtained in tapping a telegraph key. He 

reported a range of 5 - 11. taps/sec., with a mean of 8.5 taps/sec. 

which is equal to 510 strokes/min. 

Synchronized multi-finger tapping, as an element of 

perceptual motor skill, such as typing, yields much higher 

rates under favourable conditions. Coover (1923), Lahy (1924) 

and Harding (1931) (quoted in Fox and Stansfield, 1964) have 

shm<ll that the highest rates are achieved and maintained over 

a short burst, ",hen successive taps are produced by fingers 

_on -alternate hands .. They .. reported 21. 8 .taps/sec. , .. which is. 

equal to 1308 strokes/min. 

Entry rates of normal work fora typist are. of course, 

l=er. For example, Hershman and Hillix (1965) found that a 

trained typist had an entry rate of about 60 ",ords/min. 

Seibel (1964) says that a "good" typist will enter something 

under 100 words/min, and a "top" typist about 150 words/min. 

Since normal English text usually averages five characte!Cs 

(including space) per word the entry rates in strokes/min are 

about 300 for a trained typist, 500 for a good typist and 

about 750 strokes/min for a top typist. 
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575 typists, with at least six months experience with an 

,electric typewriter did a ten minute speed test in experiments 

reported by Droege and Hill. (1961). The average entry rate was 

65.28 words/min which is about 326 strokes/min. Entry rates for 

unskilled typists ranged dmm to 20 strokes/min, and lower. 

The fast rates for typists are related to free text, which 

the typist reads well ahead of the characters being typed. 

Closely related to typing is the use of a keyboard for punching 

cards. 

Klemmer and Lockhead (1962) provide excellent data from 

several keypunch installations. They collected data on 

productivity and error rates for more than a thousand operators 

of IBM card punches. 'They found that for short-run tests, 

speed on the keypunch averaged more than 5 strokes/sec, "hich 1S 

equal to 300 strokes/min, on tasks with no complications. On 

regular working days, averaging over jobs and operators, an 

average production rate of 2.8 strokes/sec., which is equal to 

168 strokes/min was obtained during time actually spent'on the 

machine. The range was from 127-206 strokes/min. They also 

found that better operators would produce a daily average of 

more than 250 strokes/min. for some "easier" data entry jobs. 

Production rates for skilled oeprators for entry of straight 

numeric data on a 10-key keyboard, are unknmm. Some data for 

untrained operators, however, are available. Devoe (1967) 

says in a short review that oCGasional entries by ,untrained 

operators vary from 55-75 strokes/min. 
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Conrad and Hull (1968) report on housewives entering random 

numbers at·· a rate of 78 strokes/min. Kramer and Mahood (1967) 

quoted in Klemmer (1971) measured speed and error rate of 

factory workers entering data via a 10-key numeric keyset. They 

found that the average speed during short input periods was 

1.5 strokes/sec. l<hich is equal to 90 strokes/min. 

Klemmer and Lockhead (1960) found that the best operators 

had an entry rate tHice as fast as the worst operators. 

Siebel (1970) says in his excellent review, that for keypunch 

operators in large installations one may expect ·the frequency 

distribution of production rates for different operators to 

approximate a normal distribution with a standard deviation 

of 12% of the group mean. 

3.2. Error Rates 

Klernrner and Lockhead (1960, 1962a and 1962b), provide 

an excellent estimate of error rates in high volume data 

entry situations. Their data are taken from four keypunch 

installations. The average error, estimates in terms of 

number of keystrokes/error, ranged between 1600 and 4300 

keystrokes per undetected error, which is e.qual to 0.02% and 

0.06% keystrokes per error. These errors were those detected 

in a second punching for verification, and not errors detected 

and corrected by the original operator. 
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In order to cstimate the number of sclf-detected and 

self-corrected errors, a sample of several hundred cards ,Ias 

analysed from each of 46 operators. These errors are some-

times called re-starts or spoiled. The average percentage 

of detected errors was 0.2% of the keystrokes compared to an 

undetected error rate of 0.05% for the same operators. Thus, 

the detected error rate was about four times the undetected 

error ratc. The authors suspected that still higher ratios 

would be obtained for jobs of a less routine nature. 

Klemmer and Lockhead (1962b) also analysed 650 errors to 

try to find out what kind of errors the operators make (see 

Table 30). This table is adapted from Klemmer and Lockhead (1962b). 

Table 30. Percentage of Different Types of Error found by 
Lockhead and Klemmer (1962b). 

Single c!,aracter errors 70% 

Single numeric errors 40% 

Single alphabetic errors 30% 

Transposition of two or more characters 15% 

Omitted character 4% 

Extra character 1% 

Procedural errors 10% 

100% 

Referring to Table 30, in the case of the single-

character numeric errors about 80% of them involved striking 

a key immediately adjacent, either horizontally or 
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vertically, to the correct key. This "aiming error" tendency 

was not present for the alphabetic characters. 

There are no data available on error rates for numeric 

pushbutton entries for skilled operators on a 10~key keyboard. 

Devoe (1967) reports an error rate ranging from 0.6-6.0%, but 

this is for unskilled operators. 

Kramer and Hahood (1967) quoted in Klernrner (1971) found 

an undetected error rate of about 0.5% for occasional users. 

Smith (1967) quoted in Klemmer (1971) found similar error rates 

in several production reporting systems. 

Individual differences in error rates among keypunch 

operators are very large. The difference in performance 

between the best and worst operators is much more striking 

for errors than for production rates. The 99th percentile 

operator makes 6 to 10 times as many errors as the 10th 

percentile operator (Klernrner and Lockhead, 1962). It is 

essential to note that the figures quoted above are for 

undetected errors. ~1ether the ratio is the same for self, 

detected errors is not known. Since the error range is in about a 

ten to one ratio and the speed in about a two to one ratio, one 

wonders if the fastest operators also are the operators who 

make most errors. In fact Klemmer and Lockhead (1960) showed 

the opposite, i.e. the operators who are better in respect of 

speed also make fewer errors. Klemmer and Lockhead (1960, 1962a 

and 1962b) report that they found that the operators performance 

for both speed and error rate imporved with time on the job over 

periods of at least a year or two. 
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3.3. The Impact of Source Documents on Key and Error Rate. 

In the typical high volume data entry situation the human 

operator receives information from a source, and transcribes it, 

usually by means of some form of keyboard. A first and obvious 

principle is that speed and accuracy of the data entry ,·,ill be 

dependent upon orderliness and clarity of the source document. 

Klcmmer. and Lockhead (1960) report that the production rate for 

the 'best' document in a keypunch installation is ten times as 

fast as for the Ipoorcstl one. 

If an oper<ltor has to skip visually around a document in 

order to read the appropriate data, or if the operator has to 

decipher partially illegible letters or numbers, then the operator 

is like ly to make more errors and to enter the data more slowly. 

Klare et al (1957), quoted in Sieble (1970) showed that 

information written in rectangles across a page or spaced by the 

insertion of blanks, (as illustrated below), were both bett«r 

than standard printing. 

LETTER 

The authors conclude: "It should be emphasised that the 

advantages of the newer arrangement are best described as 

potential, s.ince they interfere with strongly developed reading 

habi ts. This study indicates, however, that these arrangements 

may be of value for subjects who ,have some practice in reading 

them and/or high ability. 
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Klemmer and Lockhead (1960) report rather surprising 

results: 

(a) They found no consistent difference in punching speed for 

documents which contained' alphanumeric or straight numeric data. 

(b) They found no consis tent difference betHeen printing and good 

handwritten docum"nts in terms of punching speed. Hershman and 

Hillix (1965) report in an experiment with skilled typists, that 

key rate for normal text was slightly faster than for random words, 

and, furthennore, than random words Here typed much faster than 

random characters. One, 2, 3, 6 or an unlimi"ted number of 

characters were exposed. The more characters exposed, the better 

'''as 'the typing for the normal text and random words material. For 

random characters, only a small increase in typing rate VIas 

observed when more than threc characters were exposed. 

Shaffer and Hardwick (1968) found that speed and errors for 

skilled typists were the same for prose and random word text, and 

that performance became \Vorse from random letters. Siebel (1970) 

states that if a particular data ent'cy job involves random or near 

i--
random strings of alpha or alphanumeric characters then !'the job 

will proceed more slowly, and with more errors, than a job with 

a corresponding number of only random numeric characters. 

Siebel (1970) also says that lack of compatibility between 

documents leads to a more difficult translation from source data 

to entry responses. 
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·4.0. Company Procedure 

4.1. Introduction 

Since the production and error rntes that may be expected 1.n 

a keypunch installation have now been established, at least 

partially, it is important to compare these rates with those 

obtained in the data preparation section of the Company. 

It was stated in section 1.1 that the Company is operating 

a scheme in "hich the output of each operator is monitored, 

i.e. it records the numbers of cards punched and the numbers of 

error cards produced each month for each operator. Errors 

produced by the ordinary operators are detected by verifiers. In 

a somewhat similar manner the numbers of cards verified by the 

verifiers is monitored~ The error rate of verifiers is monitored 

by a data control system. Standard minutes are alloHed for given 

punch work. Efficienci.es are calculated making due allowance 

for number of batches, errors, holidays, sickness, overtime and 

waiting time for "ork to be punched. From this a monthly report 

is produced, stating efficiency and error rates for each operator 

and for the whole data preparation section. Calculations made 

for monthly reports are based upon data taken from a "ork study 

made in 1969. 

When punchwork comes into the data preparation section it 

is divided up into batches, the size of the batch depends upon how 

many operators are free for the moment. A cardtype is a punch card 

which is used solely "ith oneaocument or a limited range of 

documents. Generally speaking each source document has a special 
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corresponding card type on to which its data is punched. In one 

or two instances, for example the credit sales invoice, (C006) 

which consists of three documents, data is punched on to one 

corresponding cardtype., 

In most cases the information from a courcc document can 

be punched onto one card, (in other words, most documents contain 

less information than can be punched in 80 columns). In some 

cHses, so little information is present on the document that the 

card con be punched to contain the information fro:u two documents. 

For example, for the C006 (Credit Sal"s invoice) it is possible 

for a card to hold information from t'IO documents. The first 

document starts in column 5 and the secoild in column 42. In yet 

other cases a documen"t lHay contain so much information that it 

Dverruns onto two or ll:ore curds. For examp le) wi th card type 403 

(Stock Order), it is possible to punch five cards from one 

document. 

Together with a batch of work, the operators are given a 

sheet with punch instructions, this sheet informs them "hether 

there is one document per curd or not. Examples of punch 

instructions arc shO\m is sections 5.3.1., 5.3.2., and 5.3.3. 

where t.hey are discussed further. 

In the following sections of this chapter, the work study 

report, the documents, the production rates calculated from the 

work study report and the error .rate reported in one monthly 

report (for March 1971) will be discussed. 
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4.2. The Workstudy Report 

Because of certain limitations posed on the project by 

the Company, it "as not al"ays possible for the author to 

collect data he "anted. Instead it '1as necessary to rely on 

the 1.!Orkstudy report made in 1969 by the Company Work Study 

Group. Because of this, the work study report will be briefly 

reported here. 

The \oJork Study Group used a manual called 'Manual of 

Standard Time Data for Office' and produced by W.D. Scott and 

Co. Ltd., Management Consultants, London. 

The principle with this manual is that a job is divided 

into its basic tasks. It is then possihle to look the tasks 

up in the manual. For each basic task arc given tilUes allowed 

under different conditions. There is a special chapter in the 

manual for operations connected Ivi th a punchcard department. 

At the beginning of that chapter the follOlving is stated. 

"The follOlving standards cover the manual operations 

connected with a punch card department. They include the normal 

16 2/3% personal need and fatigue allowance. The time values 

cover only the actual key punching and verifying operations. 
, .' 

Addi tional allowances mus t be made for other duties performed, 

such as non-productive "get ready" and "put- away" operations_ 

Since the conditions of the source data, with respect to 
1- -

legibi li ty and arrangement of data, lofi 11 ; !lffect :production 

speeds, the clement time values have been developed on the 

basis of good, fair and poor source data. The follOlving are 

considered in determining source data classification: 
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Good source records are those on which data to be punched is 

arranged in approximately the same sequence as the card 

columns; data is typeHritten or in legible longhand, and 

no positioning of document or searching time is required 

between cards. 

Fair source falls short of the above requirements, but not to 

the extent that the eontinuity or tempo of punching 

performance is greatly affected. 

Poor source records are those on which. the arrangement or 

legibility of the data to be punched Le such that balanced 

. motions cannot be developed or maintained. I· 

Good source 

Fair source 

Poor source 

5l hole/sec. 

4 hole/sec. 

3 hole/sec." 

The Work Study Group of the Company regarded all the 

documents as "good source". The efficiency figure that 1.8 

calculated each month fur each operator 1.S based on the ,.;ork 

study report. 

The Work Study Group also calculated the average number of 

key strokes per card. The extent of the data used in this 

calculation is not known. The average number of key strokes 

per card and the number ·.of standard minutes per 100 cards as 

given in the Hork study report are given below in Table 31. 
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Table·31. (From ·th" Work Study Reportt. 
Average number of Keystrokes per Card and Number 
·of ·Standard }lins. per 100 cards. 

Keystrokes/Card Standard Hins. 
per 100 Cards. 

Stock Orders 48 23 

Ammendments 35 17 

Chemical Costing 29 27 

Credit Sales 67 42 

Names and Addresses 72 32 

Br. Stock Investment 25 18 

Re tai 1 Imp act 49 2t, 

h'h01esale Impact 49 27 

Local Purchases (PAZO) 35 17 

The ,~ork study report said nothing about the error rate 

likely to be associated ",ith different documents or groups of 

documents, (such as, for example, those subsumed under the credit 

sales application). 
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4.3. The Documents 

Table 1 shows that there are 512 different card types used 

in the data preparation section, and 68 of them are in daily 

use. In general, as has already been stated, one cardtype 

corresponds to one document. Many documents in use have not 

changed since data processing started, i.e. they are designed 

for clerks, not for punch operators. 

The Hork Study Group it "ill be recalled, regarded all 

documents as "good source records" (see section 4.2.) There 

are very fe" documents "hich "ould qualify for this description. 

For example, the credit sales documents, "hich account for about 

1/5th of all punching, (sce Table 1), should be regarded as 

"poor source rccords l1
• The reasons for this are given below. 

(a) Data is not arranged in the correct sequence for punching. 

(b) Because the document from "hich punching is carried out is 

a carbon copy and the handl,riting entries on it are often poor 

the legibility leaves much to be desired. 

Other documents such as some associated "ith Merchandise 

Accounting are made of transparent paper. The reason for this 

1S said to be that the document has to be photocopied, sometimes 

up to 12 times. In a batch of documents made of transparent 

paper it is very difficult for a punch operator to see "hether 

she is reading data from the first, second or a mixture of 

the firs t and second documen t. 

There is no standard size or sizes on the documents. They 

come 1ll many different sizes, sometimes even in the same batch, 
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Figure 6 . The figure shows an operator working with a batch made 
up of documents of different sizes. 



-

(see the documents under the punch operators left hand in 

Figure 6). 

The observations made above are of a general nature, but 

since there are over 500 different documents it "as not possible 

to analyse each one of them in detail. Three documents have, 

however. been analysed in considerable detail and are reported 

on in ·sections 5.3.1., 5.3.2., and 5.3.3. No" "hen the keyrates 

that one can expect arc knol'n and the work study report that the 

production rates are based upon and the documents have been 

. discusse.d, the next thing to do is to find out the production 

rate for the different documents. 

4.4. Present Production Rate 

Because of certain limitations posed on the project by the 

Company, it "as not possib le to measure the production rate· for 

the different documents. Because of this, data from the "ork 

study report had to be used to estimate the production rate. 

It can be calculated from the "ork study report, that 100% 

efficiency in terms of keyrate for all jobs, is equal to 

181.8 keystrokes/min. Keystrokes/min. for different applications 

are given in Table 32. 
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Table 32. Xeyrate °for °differentapp1ications. 

Stock Orders 208.8 keystrokes/min. 

Amendments 205.8 " 

Chemical Costing 107.4 " 

Credit Sales J.59.6 " 
Names oand Addresses 225.0 " 
Br. Stock Investment 138.6 " 

Retail Impact 204.0 " 

lfuo1esa1e Impact 181.2 " 
Local Purchases 205.8 " 

The data in Table 32 have been calculated from the data 

reported in Table 31 in the following ,,,ay using the amendments 

application as an illustration. 

Keystrokes 

Amendments 35 

35 x 100 
= 205.8 keystrokes/min. 

17 

Standard minutes 
per 100 cards 

17 

As Table 32 shows the range over application is from 

107.4 keystrokes/min up to 225.0 keystrokes/min. 

The personal allmJances which it is recalled from section 4.2 

is equal to 1/6th is included-in the above production rate. \-iithout 

the personal allOl"ance the 100% efficiency for all jobs is 218.1 key-

strOokes/min. with a range from 128.1 keystrokes/min. up to 
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270.0 keystrokes/min. It must be reiterated that the keyrates 

given above are average figures for several documents, since 

even within a given application, e.g. credit sales, there are 

several different documents. 

The exact keyrate for each document is not knmm. The 

overall efficiency for all three shifts at the beginning of 

1971 ,,;as about 75%. See Table 33. 

Table 33. The average efficiency for all operators on 
different shifts. 

Dayshift 84 - 89% 

Eveningshift 47 - 48% 

Nightshift 50 - 54% 

Since the efficiency figure takcs into account the error 

rate, it is difficult to state precisely the operators present 

key entry rate. Both the self detected and self corrected 

error rate and the errors detected by the verifier have to be 

known to be able to calculate the key entry rate for each 

operator. 

The self detected error rate is not knOlm from Company 

records, but the number of error cards detccted by the 

verifier and by data control is known and will be discussed 

in the next section. 

Nevertheless, even allow~g for these difficulties the entry 

rate calculated over all documents for all operators seems to 

cor.respond, to a first order of magnitude to that quoted in the 
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literature and described in section 3.1 .. The calculated 

o key rate refers to 100% efficincy. The actual overall 

efficiency for all three shifts at the beginning of 1971 was 

about 75%. That is to say, the actual overall keyrate in the 

data preparation section is well belmol the key rate quoted in 

the literature and described in section 3.1. The reasons for 

this arc not known, but one reason may be that advanced by the 

management in the informal interviews (see section 1.2) i.e .. 

the large number of different types of source documents and the 

lack of compatibility betlVeen them, particularly in respect of 

design layout. 
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4.5. Present Error Rate 

The error rate to be discussed here is mainly that associated 

with the punch operators. The error rate of verifiers "ill be 

discussed very briefly. 

The only errors made by the punch operators and "hich are 

recorded by the Company, are the errors found by the verifiers. 

There are no records of the number of self detected and self 

corrected (sometimes called spoils) errors made by the punch 

operators. 

The only errors recorded for the verifier are the errors 

that go through to the computer. 

There are no records of the nwnber and di.s tributi.on of 

errors made for the different docwnents. Neither are there 

records of the type of errors made or where they occur. The 

overall error rate both punch operators and verifiers for the 

month of March as reported in the monthly report was 0%. After 

having studied the monthly report, it was decided to divide 

the personnel in the data preparation section into punch and 

verify operators, and to recalculate the error rates. These 

are given in Table 34. 

'. 



Table 34. ·Card ·output; ·errOr ·cards and error rate for punch 
operators· and verify operators on each shift. 

Card Error 
Error Rate 

in % of 
Output Cards 

Cards 

Punch operators (day) 396208 12981 3.27 

Punch operators (evening) 39774 1022 2.56 

Punch operators (night) 68469 832 1. 21 

Total 504451 14835 2.94 

Verify operators (day) 396208 156 0.039 

Verify operators (evening) 39774 29 0.072 

Verify operators (night) 68469 42 0.061 

Total 504451 227 0.045 

Grand Total 1008902 15062 1.49 

It can be seen from Tab le 34 that the error rate for punch 

and verify operators combined is equal to 1.49%. The total card 

output and the total number of error cards are exactly the same 

as in the monthly report. The reason for the total error rate 

being 0% in the monthly report is not known. 

The cost of an error (detected or other .. ise) depends upon 

the system for detecting errors, for correcting errors, and 

considerations of .. hat happens if the error "gets through". The 

error correction procedure within the data preparation section 

is reported belo .. in flowchart form. 
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Flm,chart 

Batch 

Batch punched 

Documents and cards passed 
to verifier 

Batch verified 

Documeilts and cards passed to 
supervisor 

Error 

cor ect 

Documents and card 
passed back to 
punch operator for 
correction. 

As can be seen, this. is a rather complicated and long ,·';.nding 

way of correcting errors. Since, hm,ever, the verify machines 

do not have a punch facility' this is the only reasonable "ay to 

organise the "ork. 

An important set of questions that can be raised "ith an 

error recording system like this is: 

Do the verifiers record every error they detect? 

If not, what is the actual error rate found by the verifiers? 

What is the self detected and self corrected error rate for 

the punch operators? 

To be ab le to compare the error rate reported in the 

literature revie" (section 3.2r,with the error rate reported 

in the monthly report produced by the Company, it is necessary 
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to convert the error rate reported in the monthly report from 

error rates in % of cards to keystrokes per error, since the 

data in the literature are reported in the latter terms. 

Table 31 shows the average numbers of keystrokes per card 

for each application, and from this the average number of key 

strokes per card for all applications can be calculated. It is 

45. The card output for the punch operators is 504451 (see 

Table 34) and the number of error cards 'is 14835. That i.s to 

say, the error rate found by the verifier in the data 

preparation section i.n keystrokes per error is equal to: 

, '(504451 + 14835) x 45 

14835 
1575 keystrokes/error 

The error rate reported in Klemmer and Lockhead (1960, 

1962) is 1600 - 4300 keystrokes/error, (see section 3.2) i.e. the 

error rate for the punch operators reported in the monthly 

report is slightly higher than the error described in the 

literature review (see section 3.2). 

It has now been es tab1ished that both the keyrate (that 

was calculated from the \-lork Study Report) and the error rate 

(reported in the monthly report) are worse than the data given 

in the literature. 

The average error rate for punch operators,reported in 

Table 34, i.e. 2.94% refers to the errors found by the verifier 

and not the total error rate, .Le'. the figure of 2.94% does 

not include the self detected and self corrected errors. ' K1emmer 
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and Lockhead (1962) found that the ratio between the self 

detected error rate and the error rate found by the verifier 

was 4:1, (&ee section 3.2). Because of this, and also 

because of "hat have been determined and discussed earlier, Le. 

Ca) the impact of a document upon key and error rate, Csee 

section 3.3), 

Cb) the documents used in this installation, (see !3ection 

4.3) , 

(c) the "ay the punch operators errors are recorded, and the 

fact that error rate reported in the monthl.y report l;as below 

the error rate g~ven in the literature revie", (sce section 3.2), 

it "as decided to establish the total error rate for the punch 

operator, i.e. both the self detected and self corrected error 

rate and the error rate found by the verifiers. This is described 

~n the follo"ing section. 



-

.5.0. ·The Collection of Error Cards 

This part of the project is concerned with why an 

operator makes an error, i.e. the problem under consideration 

is what causes an error. Kinkead (1967) reports that most 

errors are detected as they are made, except for errors sllch as 

skipping words or lines which are usually not noted without 

subsequent visual inspection. 

An article in Computer International 1971, "Finding out 

'''hy keyboard operators go ",rong", reports a research project 

where it was found that operators keying into keypunch 

machines can tell by ear when they make a mistake. 

Because of this, it should be possible to find out "'hat 

causes an error, since an operator immediately stops when she 

thinks she has made an er:ror, and if it is an error she thrmls the 

card away, i.e. the error "as made on the last column punched 

on the card. 

It was thought by the author that the self detected and 

self corrected error rate for the punch operators could be 

high in the data preparation section. The reasons for this 

were:-

(a) the large number of different documents used in the data 

preparation section, (b) the layout of the documents, and 

(c) lack of compatibility in terms of size and layout betl"een 

the documents. Klemmer and Lockhead (1962b) found that the 

self detected error rate was about four times the undetected 

error rate, and they suspected that still higher ratio ",ould be 
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found for jobs of a less routine nature," (see" section 3.2). 

Because of this it was decided to determine, if possible, the 

total error rate for the punch operators, which, if any, 

document caused more errors than the others, and also to see 

if there "ere any similarities between the errors made on 

the different documents. 

I~ '>'as not possible to collect the error cards per 

operator per document since the Company thought that the 

procedures involved might disturb and interrupt the operators 

in their work. It '{<is possible, however, to collect error 

cards for the section as a "hole with no distraction between 

operators and documents. It "as possible to distinguish 

between cards associated "ith different card types (but not 

operators) in subsequent analysis. 

All error cards were collected each day for a whole 

working week in March from bins into ',hich error cards were 

put by the operators and verifiers. The collection was made 

after the working day for each shift. 

A first sorting of the error cards was carried out 

immediately to separate verified and unverified cards. This 

was easily achieved because verified cards are notched on the 

card whereas unverified cards are not, (see Figure 7). 

-89-



§ 
~ 
" .... 
'" .... 
(1) 

"'" 
n 

'" " "'" ~ 
" .... 
'" .... 
(1) 

"'" 

/ F 4 03 0:;: t 04 C I} 03R"'F."Q"'K"C"'C"C"3"K"'-'y" .'J"-1 "C"C"'C"'3"'K""'Y"'C"'B"', U""' I"") "'C:"""'R""F.""U"I"O"O"2'.4"K""W"'!","'C--------------~. 

~ C _J J U 

.. :C o 0 C J 
OO=OO:OO"OOC~~oooooC~QooDooCG~oO~OO~::OOOOO:JOOOJOOOOO00000000000000000000000000 
123455 JI'IO"UUW~~11"~Mnn2)~nn21nnmn»n~~~n~H~41424l"~«.lq~~51~~~~~~~"~"UU~~"61~"mnnn~~~nnn~ 

1111111 _11111111111111111 0 111111111111111111 11111111111111111111111111111111111 1 

222222222222222222_2222=2222222=22~222222222J_2_222211 22222222222222222222222222 

333~33_3333333_3333333_3333333~33_3333_33333333333_33333333333333333333333333333 

4 C 4 4 4 4 4 4 4 .. 444 4 4 4 4 444 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 444444.4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 44 4 

5555555555555555 _5 5 5 5 5 5 5 _5 5 5 5555 _5 5 5 5 5 5 5 _5 5 5 5 5 5 5 5 5 5 5 5 5 55555555555555555555555555 

_66666666666666666666666666666'66666666666 _6 6 6 6 6 6 _6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 666666666666 

7777777777777777777777777777777777777777777777777 _777777777777777777777777777777 

8888888888888888 8 ~8 8 8 8 8888888888888888888888888888888888888888888888888888 8 8 8 8 8 8 

99999999999999 9 ~9 9 9 9 999999 _9 9 9 9 9 9 9 9 9 9 9 9 J9 9 J9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
123456 18'IOI112nW~~111819ronnnunnnn~~ll»n~n~Jl~H4D41q~"~C641q~~~~~~~~~~"~"u~~~"n""ronnnu~nnnnlo 

.1101 5081 

F 403 03104 COC3REQK0003KV.Jl GCC3KVCBOCC3RF.111 0024KWf;,C 

c 
o 0 o 

o J 
~ 0 

OO_OD:OD~OD~~~ODDODC:JDODOOC~JOODoOCJJODODOCJOOOJODDOO00000000000000000000000000 
1 2l45618'10"12U~~~nlID20nnnNnnlln»~nnn~n~31nH40~UU"~UQU49~~~~~~$51~"~"U~~~"U6Iuronnnu~nnHJI" 

1 1 1 1 1 1 1 o. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

222222222222222222_2222_2222222_22~2222222222_2_22222222222222222222222222222222 

333C33~3333333 .. 3333333_3333333o.33_3333_33333333333=33333333333333333333333333333 

4D4444444_444444444444444444444444444444444444~444444444444444444444444444444444 

5555555555555555 _5 5 5 5 5 5 5 ~5 5 5 5 5 5 5 ~5 5 5 5 5 5 5 o~5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

[666666666666666666666666666666666666666 6 ~6 6 6 6 6 6 _6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 666666666666 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 11 11 11 ~ 11 1 1 1 1 111 1 1 1 1 1 1 1 1 17 111 1 1 1 1 1 1 1 1 

88888888888888888_88888888888888888888888888888888888888888888888888888888888888 

999999999999999 [9 9 9 9 9 9 9 9 9 9 .. 9 9 9 9 9 9 9 9 9 9 9 9 09 9119 9 9 9 9 99999999999999999999999999999999 
1134 SS 1191C'112UH~1511~~2DnnnH~nnnnm~llnMn~31~~~C142CJ«~«CJ41U~~lP~~~~~~~~~~~~~~'I""ronnnH~nnn~eo 

Ill( 5081 .. :.-



-

--~-~ -.-----------------------------~------------

5.1. Analysis of the Error Card 

The cards were sorted, counted and analysed tl"ice using 

computer facilities in the data preparation section. Sorting, 

counting and analysis were carried out separately for 

unverified and verified cards. 

Table 1 in section 1.1 ShOllS the different applications, 

such as Herchandise accounting, Credit sales, etc. THO of 

the applications, program and other projects, are normally 

not punched from documents. Since this part of the project is 

concerne.d wi th 'Hhat document feature causes an error, it was 

decided to tre~t all cards that had not been punched from a 

document as one group, regardless of the application to which 

they belonged. It is possible to separate a card that has 

been punchen from a document from a card that has not been so 

punched. This is because all cards that have been punched. 

from a document have a letter ~n the first column. This is 

not the case for other material. 

The sorting, counting and analysis procedure was done 

in the following way:-

1. A sort was carried out on the first column to separate 

the cards with a letter in the first column from the cards 

with a digit or another character in the first column. This 

was done to separate cards punched from a document from cards 

which were not punched· from a document. All cards that did 

not have a letter in the first column were treated as one 

group and called 000. 
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2. A second sort "as carried out on colunms 2, 3 and 4. These 

colunms provide infol~ation on the card type. For a 

discussion of card types the reader is referred back to section 

4. O. 

For a fc" card types, for cxample PA20 (Local Purchases) 

there is a letter in the second column, but for the majority 

of documents there are three numbers in columns 2, 3 and 4. 

This sort also put the card types in ascending ordcr alpha

betically and numerically. For each card type the follOl,ing 

\·le re re corded:-

(a) The numbers of cards. This "as done so that the percentage 

of error cards for each card type could bc calculated. 

(b) The number of columns punched, and which colun'.l1s lVere 

punched. 

(c) The last column punched for each card. This 'vas done to 

try to find out "here the errors occurred. See section 5.0. 

(d) Whether the last column punched ,.ras alpha or numeric. 

The results of the analysis are sho"n and discussed in 

the next section. 



5.2. Results of the Error Card Analysis 

The error rate shown below is calculated ~n the same 

.my as on the monthly report, i.e. total number of correct 

cards over error cards. This is done so it is possible to 

compare the error rate obtained in the survey with the error 

rate reported in the monthly report. 

The total number of correct cards punched in the "eek 

under investigation was 104,877. This is regarded as aIm, 

figure by the Company. The reason for this 10" figure ~s that 

it is all,ays a slack period in March. The proportions of 

different documents are about the same, !1m,ever, Hhether it is 

a slack period or not . 

. The total number of error cards, produced by the punch 

operators for this week "(as 31,925. This figure includes 

unverified cards, (both cards containing self detected and 

self corrected errors (spoils) and verified cards, i.e. cards 

containing errors detected by the verifier). The number of 

self detected and self corrected error cards was 25,162. The 

number of cards containing errors detected by the verifier 

"as 6,763. 

Total number of error cards expressed as a percentage 

of the total number of correct cards was:-

31,925 x 100 

104,877 
= 30.44% 

Total number of self det~ted error cards expressed as a 

percentage of the total number of correct cards was:-

25,162 x 100 

104,877 
= 
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Total number of verified error cards expressed as a 

percentage of the total number of correct cards was:-

6,763 x 100 

104,877 
= 6.45% 

It is interes ting to note that the ratio between self 

detected error cards and verified error cards is about 4.1, 

i.e. exactly the same as Klemmer and Lockhead found. Their 

ratio, however, was calculated from percentage of errors per 

key strokes while the present ratio is calculated from 

percentage of error cards. 

The difference between the error rate found in this 

survey and the Company's monthly report can be seen in 

Table 35. 
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Table 35. Error rate found in the survey compared with the error rate reported l.n the' Company's monthly report. 

COMPANY'S MONTHLY REPORT 

TOTAL 
NO. OF SELF 

NO. OF VERIFIED 
PUNCH 

VERIFIERS TOTAL NO. OF NO. OF SELF DETECTED OPERATORS 
CARDS ERROR 

ERROR 
DETECTED ERROR 

VERIFIED ERROR 
ERROR 

ERROR ERROR 
RATE ERROR RATE RATE RATE PUNCHED CARDS 

% 
ERROR RATE 

CARDS % 
RATE 

% ~ 

CARDS % % 
10 

I 

104,877 31,925 30.44 25,162 23.99 6,763 6.45 2.94 0.045 1. 49 



The author thinks that the mos t appropriate way to meas ure 

error rate in a card punch installation is in the terms of the 

metric employed here, i.e. cards containing an error. The 

reason is that if an error is made the card is spoiled, and a 

new card has to be punched. On some other data preparation 

equipment it is possible to backspace and correct the error. 

When this is the case the correct way to measure error rates 

is in key strokes per error. 

To be able to compare the error rate found in this 

installation with data reported in the literature it is 

necessary to convert the error rate in terms of percentage 

of cards containing an error to error per key stroke. 

The number of cards correctly punched for the different 

applications were: 

Keystrokes/ 

Application Cards card Tfrom Total 
Punched work study 

----
keystrokes 

report) 

Merchandise Acc. 63330 x 48 = 3039480 

Credit Sales 14144 x 67 = 947648 

Retai 1 takings 2402 x 49 = 117698 

Local purchases 11102 x 35 = 388570 

Programs 8678 x 50 = 433900 

Others 5221 x 50 = 261050 

104877 5188346 



Thus, it will be seen that for cards correctly punched 

5188346 keystrokes "ere made. To obtain error rates in terms 

of keystrokes per error it is necessary to kno" for the error 

cards: -

Ca) the total number of keys trokes made, 

and (b) the total number of incorrect keystrokes. 

Unfortunately, it is not possible to break down this 

information by app lication. From computer analysis however it 

• 
appeared that on the error cards a total of 833791 keystrokes 

"ere made. Of these 31,925 were errors. In other words there 

was effectively one keystroke error per error card. Thus, the 

total keystroke per error rate including both self detected and 

verified errors is equal to 

5,188,346 + 833,791 
= 188.63 keystrokes/error = 0.53% 

31,925 

Klemmer and Lockhead (1960) reported that the error rate 

was 1600 - 4300 strokes/error, but this was for errors found by 

the verifier. The error rate found by the verifier in this 

installation was calculated as follOl's. 

Cards containing 5188346 keystrokes were passed to the 

verifiers and found to be correct. In addition a further 6763 

cards were passed to the verifiers. These contained 569,963 

keystrokes, of which approximately 6763 keystrokes were in 

error. Therefore, the error rate' as found by the verifiers, in 

terms of keystrokes per error is equal to 

5,188,346 + 569,963 
= 851.44 keystrokes/error 0.12% 

6763 
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The error rate for self detected and self corrected error 

was calculated as follows. 

Cards containing 5,188,346 keys trokes were punched and 

passed on to the verifiers by the punch operators. In addition 

a further 25162 cards punched by the punch operators, but on 

these cards the operators themselves detected an error. These 

cards. contained 263,828 keys trokes of '''hich approx.imate 1y 

25162 keystrokes were in error. Therefore, the self detected 

error rate in terms of keystrokes per error is equal to: 

5,188,346 + 263,828 

25,162 

216.68 keystrokes/error; 0.46% 

The above error rates in key strokes/error, is only a 

rough figure, because it was necessary to rely on the work 

study report. But it gives an indication of hOl" error rate 

in thi.s data preparation section compares with what has been 

reported in the literature. There is no evidence in the 

literature on the total error rate, but there is one report 

on the self detected and self corrected error rate. K1emmer 

and Lockhead (1962) reported that the average percentage of 

detected errors Has 0.2% of key strokes compared with an 

undetected er.ror rate of 0.057. for the same operators. 

The error rate found by the verifier in the present case 

is about 2 - 5 times as high as. the data reported by K1emmer 

and Lockhead (1960). 
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In the analysis of errors occurring 1n the "eek under revie", 

altogether 470 different card types "ere recorded" In order to 

obtain a better understanding of "hy the production rate "as 10" 

and the error rate, however conceived high, it "as decided to 

look in more detail at a limited number of card types and their 

associated documents to try and determine the reasons for poor 

. performance. The card types and documents chosen for study and 

the results obtained are described in the next section. 
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5.3. Choosing the Documents 

The criteria for choosing the documents associated with 

particular card types were high error rate and high volume on 

the cards. Three card types were chosen for an 1n depth study:-

C006 

PA20 

403 

(Credit Sales Invoice) 

(Local Purchases) 

(Stock Orders) 

All of them are high volume documents and all of them have 

a high error rate. Since the above three card types are high 

volume, it was thought that the operators and the Company 

would benefit more if these .three were analysed in detail and 

then redesigned. 

It is interesting to note that the documents associated 

both "ith C006 and 403 are regarded as difficult by the 

operators, (see section 2.1). PA20' s document is regarded as 

easy, (see section 2.1). These three card,types account for 

about 30% of all punched cards. 

The total error rates associated with these card types are 

reported in Table 36. 
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Table 36. Error rate obtained in the survey in % of cards for C006, PA20 and 403, and punch rate obtained 1n 
the·work study·report. 

SELF PUNCH 

TOTAL 
SELF DETECT RATE 
DETECT AND VERIFIED (FROM 

NO. OF NO. OF ERROR 
.Al'lD SELF VERIFIED ERROR WORK CARD PUNCH ERROR 

RATE SELF CORRECT ERROR RATE % STUDY 
TYPE CARDS CARDS % OF CORRECT ERROR CARDS OF ERROR REPORT) 

ERROR ERROR RATE % CARDS KEY-CARDS CARDS OF ERROR STROKES/ 
CARD MIN% 

C006 8,204 2,212 27.0% 1,604 19.6% 608 7.4% 159.6 

I 
PA20 11,102 1,775 16.0% 1,477 13.3% 298 2.7% 205.8 

403 11 ,956 3,649 30.5% 2,793 23.3% 856 I 7.2% 208.8 



The error rates, in keystrokes/error and percentage terms, 

are shOlm below for each cardtype. These data have been 

calculated i.n the same Hay as th: error rates in keystrokes/ 

error reported in section 5.2. 

Table 37. Total error rate in keystrokes/error. 

C006 549668 + 85432 287 keystrokes/error 0.34% = = 

2212 

PA20 
388570 + 42357 

242 keystrokes/error 0.41% = = 

1775 

403 
573888 + 126448 

191 keystrokes/error 0.52% = = 

3649 

The error rates, in keystrokes/error, for the self detected 

errors and for the errors found by the verifier aTe given below. 

See Tables 38 and 39. 

Table 38. Self detected error rate in keystrokes/error. 

C006 549668 + .49993 373 keystrokes/error 0.26% = = 

1604 

PAZO 388570 + 33326 
285 keystrokes/error 0.35% = = 

1477 

403 573880 + 81385 234 keystrokes/error 0.42% = = 
2793 
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Table 39. Verified error rate ~n keystrokes/error. 

C006 549668 + 35439 = 962 keystrokes/error 0.10% = 
608 

PA20 388570 + 9031 1334 keystrokes/error 0.07% = = 
298 

403 
573888 + 1,5063 

723 keystrokes/error 0.13% = = 
856 

The three card types will be analysed separately in more 

detail in the following sections. 

5.3.1. Error analysis of C006 - Credit Sales Invoices 

The card type C006 is used in association "ith three 

different documents, (see section 4.1). T\.10 of them, a small 

invoice (011826) and a big invoice (011830) are used in branches 

of the Company. The third invoice (OH850) is used by the 

agricultural section of the Company. All these invoices are 

illustrated in Appendix 2. 

It is always the second copy of the invoice, completed i~ 

carbon form, that comes to the data preparation section. The 

reason for this is said to be that the first copy, i.e. the 

best copy, must go to the customer. 
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It can be seen in Appendix 2, that two OM826 (the small 

invoice forms) are kept together by a perforation. Since OM826 

and OH830 are always mixed in a batch, both big and small 

invoices containing the same type of information are presented 

together in one pile to the operator. It is thus very easy for 

a punch operator to miss a small invoice in a batch, especially 

when a .small invoice comes alone, Le. two of them are not kept 

together by the perforation, (see Figure·6). 

The third invoice OM8S0 is not mixed with other invoices 

in a batch. 

The colour of the copies of OM826 and OM830 that come to 

the data preparation section are sometimes white, sometimes 

green. 

The information from two documents can be punched on each 

card, (see section 4.0) the first document starts in column·S 

and the second document in column 42. 

When the operators are given a batch, they ·are also givell 

a punch instruction, (see Figure 8 and section 4.0). 

The documents and associated punch procedures have now 

been described. The analysis of the error cards for card type 

c006 follows. 

The number of cards ending in the different columns are 

shown in Table 40. 
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Table 40. ·Cards ending in different co1urrms. 

Fie Id No. 

Card code 

Branch number 

Check letter 

Customer number 

Day (invoiced) 

Month (invoiced) 

Invoice serial letter 

Column No. 

1 - 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

. 

Verified 
Cards 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

Non
Verified 

Cards 

16 

9 

17 

18 

28 

32 

8 

15 

13 

41 

34 

25 

15 

26 

57 

J continued ••• 



Field No. Column No. 

20 

21 

Invoice serial number 22 

23 

24 

Settlement discount code 25 

26 
Dissection 

27 

28 

29 

t 30 

Amount 31 

32 

33 
P 

34 

35 

36 
t 

37 

Trade discount 38 

39 

40 
p 

41 
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Verified 
Cards 

0 

0 

3 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

3 

9 

0 

0 

0 

0 

0 

0 

9 

~ ----------

Non
Verified 

Cards 

16 

7 

13 

13 

41 

9 

7 

8 

2 

10 

10 

10 

11 

21 

77 

6 

1 

3 

1 

12 

17 

59 
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Field No. Column No. 

42 

43 

Branch number 44 

45 

46 

Check letter 47 

48 

49 
Customer number 

50 

51 

52 
Day (invoiced) 

53 

54 
Honth (invoiced) 

55 

Invoice serial letter 56 

57 

58 

Invoice serial-number 59 

·60 

61 

Settlement discount code 62 

• 
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Verified 
Cards 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Non
Verified 

Cards 

9 

4 

3 

9 

86 

39 

9 

9 

8 

27 

33 

25 

16 

22 

89 

16 

18 

18 

15 

41 

10 

/continued ••• 



Field No. COIUOUl No. 

63 
Dissection 

64 

65 

66 

£ 67 

Amount 68 

69 

70 
p 

71 

72 

73 

£ 74 

~rade discount 75 

76 

77 

P 
78 

79 

80 

Verified 
Cards 

0 

0 

0 

0 

0 

0 

5 

47 

244 

1 

0 

0 

0 

3 

25" 

249 

0 

0 

Non
Verified 

Cards 

12 

10 

3 

4 

6 

2 

13 

20 

101 

10 

1 

2 

3 

9 

18 

99 

2 

2 

It can be seen from Table 40 that the majority of error 

cards that were found by the verifier, end, as one mi.ght expect 

in column 71 and 78. The reason for this is that the information 

from the second document on the card end in column 71, if there 



is no trade discount, and in column 78 if there 1S trade 

dis count." 

It is also interesting tc see in which columns the cards 

that have not been verified, i.e. the self detected error 

cards, end. Table 40 shows that the las t columns punched, 

for the self detected error cards determine what feature of 

the document caused the errors, another table was made up 

in which more details of the documents are ShOlffi, ln 

particular, which information is alpha and which numeric. Sce 

Table 41. 
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Table 41. .. ·Error·· analysis of· C006. 

COLUMN NO. NO. OF AV. NO. 
FIELD NA}1E TYPE OF ERROR/ . ERRORS 

FROM TO COLUNN 

Card code 1 4 73 AN 

Branch No. 5 9 88 N 17 .6 

Check letter 10 32 A 32 

Cus tomer No. n 14 77 N 19.3 

Day (invoiced) 15 16 59 N 29.5 

Month (invoiced) 17 18 41 N 20.5 

Invoice serial 19 57 A 57 letter 

Invoice serial 20 24 90 N 18 No. 

Settlement dis- 25 9 N 9 count code 

Dissection 26 27 15 N 7.5 

Amount 1: 28 32 43 N 8.6 

Amount p 33 34 98 N 49 

Trade discount 1: 35 39 23 N 4.6 

Trade discount p 40 41 76 N 38 

Branch No. 42 46 III N 2202 

Check letter 47 39 A 39 

Cus tomer No. 48 51 53 N 13.3 

Day (invoiced) 52 53 58 N 29 

Month (invoiced) 54 55 38 N 19 

Invoice serial 56 89 A 89 letter 

Invoice serial 
57 61 108 N 21.6 No. 

J continued ••• 



COLIDlN NO. 
NO; OF 

AV. NO. 
FIELD ·N:.Al-lE TYPE OF ERROR/ 

ERROR~ 
FRON TO COLIDlN 

Settlement dis-
62 10 N 10 count code 

Dissection 63 64 22 N 11 

Amount £ 65 69 28 N 5.6 

Amount p 70 71 121 N 60.5 

Trade discount £ 72 76 25 N 5 

Trade discount p 77 78 117 N 58.5 

79 2 

80 2 

Tab le 41 shows where the errors are made on the cards in 

relation to the information on the document. It Has thought 

it would be ,wrth,,,hile finding out Hhether alpha and numeric 

columns had the same error rate. 

Table 41 shows the average number of errors per colunm, and 

this shows that alpha colu!nns caused 54.25 errors per colunm, 

and numeric caused 21.70 errors/column, e.g. alpha field caused 

about 2.5 times as many errors as a numeric field. 

It is also interesting to compare the first half of the 

card, i.e. columns 5 - 41 with the second half, i.e. column 

42 - 78, since there are two documents/card. See Table 42. 
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Table 42. A cornp a ri s on ·of first and second document. 

Field name First document Second document 
J 

Branch No. 88 ) III ) 
) ) 

Check letter 32 ) 197 39 ) 203 
) ) 

Cus torner No. n ) 53 ) 

Day (invoiced) 59 ) 58 ) 
) 100 ) 96 

Month (invoiced) 41 ) 38 ) 

Invoice serial letter 57 ) 89 ) 
) 147 ) 197 

Invoic.e serial no. 90 ) 108 ) 

Settlement dis count code 9 ) 9 10 ) 10 

Dissection 15 ) 15 22 ) 22 

Amount E 43 ) 28 ) 
) 141 ) 149 

Amount p 98 ) 121 ) 

Trade discount £ 23 ) 25 ) 
) 99 ) 142 

Trade discount p 76 ) 117 ) 

708 819 

Table 42 shows that slightly more errors occur on the 

second part of the card, i.e. the second document gives rise 

to more errors. It can also be seen from the same Table 

that the proportions of errors for the different fields are 

about the same on the first and second half of the cards, 

i.e. it 1S the same document information that causes difficulties, 

whether it is in the beginning or the middle of the card. 



Some of the obvious things that are wrong with the 

documents, i.e. causes difficulties for the operators, 

will be briefly mentioned belm" together with the 

complaints and suggestions from people in other sections 

of the Company "'ho deal with the documents. A photocopied 

example of each invoice 1n a complete form have been shown 

,in figures 9, 10 and 11. The name and address of the 

customer on each invoice has been removed. 

1. The branch number, check letter and customer number 

are impressed in the top left hand corner of the invoices. 

Very,frequently this information overstamps the order 

number, which makes it difficult to read both the order 

number, and the branch number, check number and cus tomer 

number. 

2. The invoice number, top right of the invoice, 1S 

sometimes a 5 digit, sometimes a 6 digit number. In the 

latter case the first digit is always a zero and the 

operators only punch a 5 digit number. This, of course, 

causes difficulty, since the operators have to omit the O. 

3. Sometimes the invoice serial letter and the invoice 

number are printed in such a way that the serial letter and 

the first digit are overprinted, which makes it difficult 

to read both of them. 

4. There is not enough1space for the totals, bottom 

" 
right of invoice that the punch operators have to read. 
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Figure 10. The figure shows an examp le of the big. invoice (OM830)' that 
has been used. 
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5. The invoices are in general illegible because of being 

a carbon copy and also because of bad handwriting. 

The two maIn complaints made by people in other 

branches of the Company who deal with the invoices are as 

fo110ws:-

Ca) On all invoices they want more space between the lines 

for writing, and Cb) in the case of invoices OM826 and 

OM830 they want one invoice instead of two. They think 

that the small invoice is far too small and can easily 

disappear between the bigger invoices. 

This is in no way a full analysis of the credit sales 

invoices, but it gives some indication of the difficulties 

the operators experience. 
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5.3.2. Error analysis of PAZO - Local Purchases. 

Card type PAZO is used for three documents, (see section 

4.0). The layout of these documents is exactly the same and 

the only variation betl,een them is in respect of colour. 

(See Appendix 3). PA20 is regarded as a very good document by 

the punch operators, (see section 2.1) and it has been 

specially designed for the punch operators. 

TI-'O of the documents have the suppliers number pre-printed 

on them, because the s",ppliers in question are the main 

suppliers to the Company. (See Appendix 3). The third 

document is used for all the other supp liers and the suppliers 

number is hand",ritten. The operators only punch one card per 

document. (See section 4.0). lVith each batch, the operators 

receive a punch instruction, (see Figures 12A and 12B and 

section 4.0). 

The number of cards ending in the different columns 

because of error are shown in Table 43. 
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Figure l2a. A~ example of a punch instruction for Local Purchases (PA20). 



PAGE 2 of 2 

PURCHASES ACCOUN'l'IHG 

LOCAL PURCHASE EDI'r 

Program PAOl LOCAl, PURCHASE LABEL 

Notes. 

1. a) Punch Ph20 for a new transaction 
b) Punch PA21 for an adjustment transaction 

~~. Punch PA19 to amend 01' delete a transaction 
Punch PA23 to add a transaction to a batch 

" '-. Blank except for a 1'1.19 and then the card numbcr of the 
transaction to bc amended or deleted. 

3. Punch as on label or as on batch card for a summarized 
batch. 

4· Punch in the form nmU1Y1 ie. 010170, 211269. 

5. Punch in the form £££ssdt. (punch '-' for lOd, '&0' for 11d) • 

6. Punch in the form ££ssdt. (punch '-' for 10d, '& ' for lld) . 

7. Punch in the form ££ssdi: (punch '-' for lOd, '&' for lld). 

8. Punch a 'c' if amounts sho\'/I1 are negative otherwise leave 
blank. 

9. Punch in the form ££Lssdt. (punch '-' for 10d, '&' for lld). 

10. Blank for a P1.20 transaction otherwise 0 or 1. 

11. Leave blank if deleting transaction PA19 only. 

Figure 12b. An example of a punch ~struction for Local Purchases (PA20) 

.. 



Table 43. Number of cards ending in the different columns. 

Field Name Column No. 

Card code 1 - 4 

5 

6 
Batch No. 

7 

8 

9 

Card No. 10 

11 

12 

13 
Batch No. 

14 

15 

16 

17 

Supplier No. 18 

19 

20 

Verified 
Cards 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

Non-veri fied 
Cards 

0 

3 

2' 

32 

0 

1 

0 

5 

2 

6 

4 

4 

3 

3 

11 

193 

/ continued •.. 



Field Name Co1uum No. 

21 

22 

23 
Document No. 

24 

25 

26 

27 

28 

29 
Document data 

30 

31 

32 

33 

34 

35 

Cost value 36 

37 

38 

39 

40 

41 

42 
Purchase tax 

43 

44 

45 

Verified 
Cards 

0 

0 

-
0 

0 

0 

0 

0 

0 

0 

0 

1 

5 

1 

0 

0 

4 

15 

160 

0 

0 

0 

1 

.- 9 

76 

1 

Non-verified 
Cards 

22 

10 

20 

19 

30 

112 

19 

13 

14 

21 

11 

203 

12 

3 

16 

25 

48 

333 

3 

8 

4 

4 

.27 . 

186 

0 
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Fie Id Name Column No. 

46 .. 

47 

48 
Post & Carriage 

49 

50 

51 

Credit indicator 52 

53 - 78 

79 

80 

Verified 
Cards 

0 

0 

0 

7 

4 

0 

11 

0 

0 

0 

Non-verified 
Cards 

3 

0 

1 

6 

~ 

"-

0 

29 

0 

1 

0 

As one can expect the majority of the error cards found 

by the verifier are fully punched, and the majority of them 

end in columns 38, 1,1, and 52. The reason for this ~s that 

the information punched on the card ends in column 38 if the 

last information is the 'cost value', in column 44 if it is 

the 'purchase tax', in column 50 if it is the 'post and 

carriage', in column 52 if it is the 'credit' and ~n column 58 

if it is the 'retail value'. 

The self detected error cards show a slightly different 

trend. They end fairly evenly in all columns up to column 52. 

To determine what features of the document caused errors, 

a new tab le >las made up in which more details are sho>ln of the 
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document, in particular which co1unms are alpha and which 

numeric. (See Tab le 44). 

Table 44. Enor analysis of PA20. 

COLUMN NO. NO. OF AV. NO. 
rFIELD NANE TYPE OF ERRORS/ ERRORS 

FROM TO COLUMN 

Card code l' 4 3 AN 

Batch No. S 8 37 N 9.2 

Card No. 9 11 1 N 0.3 

Branch No. 12 15 17 N 4.2 

Supplier No. 16 20 214 N 40.8 

Document No. 21 26 213 N 35.5 

Document Date 27 32 281 N 46.8 

Cost Value 33 39 440 N 62.9 

Purchase Tax 40 45 229 N 38.1 

Postage & Carriage 46 51 12 N 2 

Credit Indicator 52 29 A 29 

Retail Value 53 59 0 N 

Adjustment indicator 60 0 

61 78 0 

79 1 

80 0 
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From Table 44, the difference bet"een the alpha and the 

numeric rate 1S shOlm. The average number of errors/column 

for alpha is 29. For numeric it is 26.65 •. As "ith the 

documents previous ly discussed, alpha information causes 

slightly more errors than numeric information. 

The reason for the high error rate on this document is 

difficult to explain. It is the author's opinion that there 

is too much information on the documents for the operators. 

(An example of a used document is shO\<11 in Figure 13). That 

is to say, the operators see too much irrelevant information 

"hich is not related to their punching task. For example, 

the operators do not need to kno" that certain columns are 

associated "ith Branch No., Supplier No., Document No., 

Document data and so on. All the punch operators need to 

kno" is that certain information is to be punched in certain 

numbered columns. 

The clerical staff "ho transfer the information from one 

document onto the documents used for card type PA20 should not 

really need to have the field names printed on the documents, 

since the fields come in a logical order and also since they 

are only doing their task they ought to kno" it by heart after 

only a couple of hours practice. It "ould instead be better to 

provide them with a basic model they can refer to if necessary. 
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CARD NO. LOCAL PURCHASES 
TRANSACTION 

Figure 13. The figure. shows an examp le of a Local Purchases (PA20) 
document that has been used. 



5.3.3. Error Analysis of 403 - Stock Orders. 

Card type 403 is associated with 13 different documents, 

(see section 4.0). The layout of the 13 documents is exactly 

the same, and they only differ in respect of colour and a 

departmental letter, (which occurs in the top right hand corner). 

(See Appendix 4). The departmental letter is punched in the 

first colunm on each card, i.e. it is automatically duplicated 

together ,,,ith the card type number on each card. The depart

mental letter is the letter belonging to the department that 

. indicates an order. 

403 is regarded as a difficult document by the operators, 

(see section 2.1). 

There is always only one typc of document in a batch. 

That is to say an operatqr only deals in one batch with 

documents arising from one department. 

Only trainees are given a punch instruction with each 

batch .. (See Figure 14 and section 4.0). On each document there 

is room for 40 quantities and item codes, i.e. four colunms 

with ten rOl"s in each, (see Appendix 4). Unfortunately, there is 

only room for eight quantities and item codes in a card, starting 

1n colunms 12, 20, 28, 36, 44, 52, 60 and 68. In other words, 

if a document is filled, five cards are required to punch the 

information contained on it. 

The lyork study group found that on average, for all 

departments, there are four quantities and item codes per 

document, i.e. on average there are 43 colunms punched on each 

card. 

-120-



'. " 

.' ~ .... !/ .... ~ .. ~: .. :, .... ...... '.' •. ".' \. MERCHAt--tDISE ACCOUNTING 
.' .... , . :':":::':':'=':"::""::--:'::";=:"'-C-:.:.:"'::":"":::';"-":";":""':;' 

. . '.', : . 

" .. ' 

' . . . . 

.. '.:', 

, •. r 
: .. ' 

. '. I 

., 
p .. 

'. 

TITLE: KEY PUNClIlill ORDilllS ( & Ga,WING LIST Slll.EC'rroN) 
. ': . . .. ,' 

CARD TYPE, 402 - 11-1 (S~e Notes) 

,'SEQUENC-t: 

'PROGRAM NO: 

CAHD TYPE 

W 110 - EDIT OlWE<lS E'rc. 
.' .' 

PUNCHING DOCUMENT onDm' FORMS OR }1El·IOS 

I 

.. ' 
FIELD NAME FROM TO TYPE NOTES 

Deptl. Letter '. 1 1 A 

Card Type 2 4 N L ., 

Category 
. ' 

Indicator 5 A 2 

Dranch NUlillJor 6 10 N L 3 
· 

Suffix 01" Grade 11 A 4 

Quantity 12 15 N L .2..tS,-, 
" 

Itcm Code 
.. 

16 19 A 6 

· 
, 

.. . 
.' 

· 

.. 
.. 

" . 

~ 

.' 

" NOTES: 
1. Punch Book (B), Fancy (F) ,F&G Props (V), 

O.Gds Airdrie '(N), O.Gds Beeston (G), Photo (P) '/~\ 
8taty & Art (8), Sundries (H), Toilet (T) ,/',"!:.rs 7'(';1 

OlUmp.s 0;'; Feat-IS' ' ' 

,.2. A, D, ot: .Dlank, 

3. 1. - .. 99999 

.. 4., · . ./lr-Z or lllMk 

.q. {'-' 9999 

.' 

6~ Eigl;t Qua~ti tics and Hcr.! Codes can be plUlchcd for the same 
Dranch starting at columna 12, 20, 28,' 36, 44, 52, .60~& GS. 

, Figure 14, 'An exampie' of.;" punch instruct~on for Stock Order (403). 



The number of cards ending in different colum.'1s because of 

errors are shown in Table 45. 

Table 45. Cards ending in different columns. 

Field Name Column No. 

Card Code 1 - 4 

Category 
5 indicator 

6 

7 

Branch No. 8 

9 

10 

Suffix or Grade 11 

12 

13 
Quantity 

14 

15 

16 

17 
Item Code 

18 

19 
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Verified 
Cards 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

6 

45 

-

Non-verified 
Cards 

0 

12 

27 

23 

34 

75 

4 

12 

16 

20 

79 

90 

89 

82 

166 
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Field Name Colunm No. 

20 
" 

21 
Quantity 

22 

23 

24 

25 
Item Code 

26 

27 

28 

29 
Quantity 

30 

31 

32 

33 
Item Code 

34 

35 

36 

37 
Quantity 

38 

39 

40 

41' 
Item Code 

42 

43 

Verified 
Cards 

2 

0 

0 

0 

1 

2 

3 

78 

2 

0 

0 

0 

1 

1 

2 

51 

1 

0 

0 

0 

1 

1 

1 

50 

, 1 

Non-verified 
Cards 

21 

16 

16 

63 

49 

Sl 

58 

121 

10 

6 

9 

43 

40 

39 

39 

87 

14 

10 

15 

36 

40 

41 

44 

68 
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Field Name Colunm No. 

44 

45 
Quantity 

46 

47 

48 

49 
It.em Code 

50 

51 

52 

53 
Quantity 

54 

55 

56 

57 
Item Code 

58 

59 

60 

61 
Quantity 

62 

63 

64 

65 
Item Code 

66 

67 

Verified 
Cards 

0 

0 

, 0 

0 

0 

1 

0 

54 

1 

0 

0 

0 

1 

1 

0 

43 

0 

0 

0 

0 

0 

0 
-

0 

47 
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Non-verified 
Cards 

8 

7 

8 

24 

38 

34 

36 

63 

12 

5 

19 

33 

21 

31 

22 

67 

3 

7 

7 

15 

23 

20 

18 

92 

I 

"l 

I 
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Field Name Co1urrm No. 
Verified Non-vc.rified 

Cards Cards 

68 0 6 

69 0 6 
Quantity 

70 0 7 

71 0 23 

72 0 17 

73 0 20 
Item Code 

74 1 23 

75 456 183 

76 0 10 

77 0 1 

78 0 1 

79 0 1 

J 
80 0 0 

Table 45 shows that the majority of the error cards found by 

the verifier end, as one might expect in co1urrms 19, 27, 35, 43, 

51, 59, 67 and 75. The reason for this is that the information 

on the card can end in the above C01U1ffil number, depending upon 

hm., many 'quantity' and 'item codes' there are on the document. 



, 
Table 45 'also shows the last colunm punched for the self 

( 

detected error cards. It can also be seen that the item code 

seems to cause more errors than the quantity associated "ith 

that item. To be able to look into this in more detail, a new 

table was made up. (See Table 46). 

Table 46. Error analysis of 403. 

COLUMN NO. 
NO. OF AV. NO. 

FIELD NAl1E TYPE OF ERROR~/ ERRORS FROH TO COLll1N 

Dept. letter 1 A 

Card type 2 4 N 

Category indicator 5 0 A 

Branch No. 6 ,10 171 N 34.2 

Suffix or grade 11 4 A 4 

Quantity 12 15 127) N 31. 7 
) 554 

Item code 16 19 427) A 106.8 

Quantity 20 23 116) N 29 
) 405 

Item code 24 27 289) A 72.2 

Quantity 28 31 68) N 17 
) 273 

Item code 32 35 205) A 51. 2 

Quantity 36 39 75) N 18.7 
) 268 

Item code 40 43 193) A 48.3 

Quantity 44 47 47) N 11. 7 
) 218 

Item code 48 51 171) A 42.6 
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COLUMN NO. NO. OF 
AV. NO. 

FIELD NANE TYPE OF ERRORS/ 
ERRORS 

FRON TO COLUMN 

Quantity 52 55 69) N 17.2 
) 210 

Item code 56 59 141) A 35.2 

Quantity 60 63 32) N 8 
) 185 

Item code 64 67 153) A 38.3 

Quantity 68 71 42) N 10.5 
') 285 

Item code 72 75 243) A 60.7 

76 10 

77 1 

78 1 

79 1 

80 0 

Table 46 shot's where the errors are made on the document. It 

shows that the first two quantity and item codes cause more errors 

than the others. 

It can also be seen that the item code in general cause more 

errors than the quantity. The numbers are 1822 errors for the item 

code and 576 errors for the quantity, i.e. the item code causes more 

than three times as many errors as the quantity. 

Table 46 shows the average numbers of errors per column. 

Alpha columns on this document cause 51.03 errors/column, and the 

numeric causes 19.78 errors/column, i.e. an alpha column causes 

more than 2.5 times as many errors as a numeric colunm. 
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Some of the things "hich cause difficulties for the 

operators <ih this document "ill be briefly discussed, together 

"ith the comments of the people "ho deal ,,,ith these documents 

in the other sections of the Company. An example of a document 

that has been used is sho"n in Figure 15. 

(a) The item code causes obvious difficulties. It is a fonr 

letter code, using all the letters of the alphabet except M, U and 

D. The branches of the Company have no real comp laints about the 

code. 

(b) Since there are four columns "ith quantities and item codes 

and ten r0'''s in each column on the document, but only room for 

eight quantities and item codes on a card, thi.s makes it difficult 

for the operators to keep track of ",here they are on the document. 

If there are more than eight quantities and item codes on a 

document, the operators have to punch more than one card to 

a document. The branches have nothing against changing this. 

It does not make. any difference at all to them. 

(c) The sequence of punchi.ng from the document "ould be better 

if the branch number Has printed in the top left hand corner. 

The shop stationary department of the Company responsible 

for manually printing the branch number and order day on each 

document before they are sent to the branches "ould prefer to 

locate this information in a corner of the document, and not, as 

it is on the present one, in the middle at the top of the 

document. 
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since the item code causes more than three times as many 

errors as the quantity, a brief background is given below to the 

item code problem. 

The present code used on the stock order consists of four 

letters. It has been in use for about tl<elve yea~s. The code 

uses the whole al.phabet with the exception of M, U and D. The 

three first letters in the code are the actual code, the fourth 

letter is a check letter. 

3 
Since 23 letters are in use there are 23 = 12167 possible 

combin"tions of letters for the actual code for each department. 

The biggest department uses about 8000 codes, and altogether for 

all departments there "re "bout 55000 codes in use. 

A summary of the layout of all the documents and a di.s cussion 

of some of the reasons for the high error rate follOl<5 in the 

next section. 
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5.4. Critique of the layout of documents and possible reasons 
for the high error rate. 

A commentary on the layout of the documents that have been 

discussed in the last three sections "ill be given below, and 

possible reasons for their high error rates "ill be discussed. 

It is obvious from the last three sections that· the 

layout of the documents is far from satisfactory. To start 

"ith only one of them, (the document associated "ith card type 

PAZO) has been designed for the punch operators and that design 

does not seem to have been successful. The other documents 

have not been designed with the punch operators in mind, but 

mainly for clerical staff. The sequence of presentation of 

information on the stock order associated with card type (403) 

and the invoices (C006) could be improved. Instead of having 

three different invoices associated with card type C006 it 

would be better to have only one. The spacing bet"een the 

lines on the small lnVOlce (OM826) and the big invoice (OM830) 

is not large enough. 

The legibility of the documents varles since, for exarrv1e, 

credit sales invoices are the second copy and stock order and 

10c~,.l?yrchases are the first copy. 
~I"_' tY';};. "";~..n"t 
I.·~· ·_('t;"~'1 . _ 'Y:f~~~~ 

b~.' a!.l;~documents are completed in hand"riting and the\~"S~'air<fard 
. -. .~~~~ ~;'{t ~ 
,,; I~~. /,._~~;'j '1\.':.(~ 

of I' ... ~il~ting i.s bad in all cases and excessively so .~.' ,~liyoices 
J:(, .~ :'i!'; .~~. . ."""'f,,,,1. 
r ft.-~ .;.. ... n;':!; .. "' ...... 

and''''·1:O'~l§f'orders. The reason for· this is that invoicei,"~d~,.si:ock 
l"""~<'±;;'f.' ~ '''.~: .-",.' 
~ffi ,~ .. 1-,.' ~;"';:'~.+..z: 1i:fi ,>'il:."~ ",. ',~.,<; j'~ 

orqW~:>!!:i~ written under difficult circumstances in the'·tbt-l\t!.~es 

1't.;;" ';.i,:~~t r;bJ~~~'!f: 
of 'fli~e~any. The personnel who complete these docuri'l~tS';:<He 
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mainly young girls. They do not always have the support of a 

table or d~'sk when they '-!rite in their shop situation. Indeed, 

the girls primary job is to sell goods in the branches of the 

Company and they are frequently disturbed by customers ,,,hen 

completing invoices and stock orders. 

No attempt has been made by the Company to teach all the 

girls to write in a certain style '''hich is highly lEgible. There 

is a further difficulty, and that is that even if this were 

possible it might be difficult to get the girls to adopt a 

consistently responsible attitude so that highly legible infor

mation was produced, as labout turnover in the branches is high. 

A further reason for the high error rate 1;;;;;;-pos;ibly be that the 

documents are so .different, and there are interference effects 

bet\Jeen them, (leaving aside for the moment problems of in-

compatibility of layout). Welford (1968) discussed the effects 

on performance of the order of tasks of varying difficulty, and 

suggests that, depending on[the order in which thetssks -come, 
their mutual interference varies. He states that when a more 

difficult task proceeds an easier task, the transfer. effect is 

positive Le.performance on the easier task is enhanced. When, 

hOl"ever, an easier task proceeds a more difficult task, the 

transfer effect· tends to be negative, i.e. performance on the 

more difficult task is adversely affected. 

Because of '''hat has been said above, a document that has 

been especiaU" designed for the punch operators (for example 

PA20) may produce poor performance together with documents that 





• 

have not been especially designed because of this interference 

effect. This can be reason for the high error rate on PA20. 

This also agrees !;ith an experiment carried out by Klare 

et al (1957) mentioned in section 3.3, where he compared 

information !;ritten 1n rectangles across a page or spaced by 

the insertion of blanks. He found both of them !;ere better 

than standard printing, but the author concluded that, "It 

should be emphasised that the advantages of the nel·ler arrangements 

are best described as potential, since they interfere !;ith strongly 

developed reading habits. This study indicates, however, that 

I 
these arrangements may be of value for subjects who havej some 

practice in reading them and/or high ability". 

In addition to potential interference effects there are also, 

almost certainly, effects due to lack of compatibility bet!;een 

the documents. It must be very difficult for an operator to punch 

from one document with a given.design and then to move illunediately 

on to punch from another document of completely different design, 

Siebcl (1970) states that lack of compatibility slOl's dmm 

the seqmmce of data entry motions, that is to say, that "hen an 

operator s tarts on a ne" batch of documents wi th a di fferent 

layout, she has to re-learn the new document each time she is 

confronted !;i th· it, 

It is obvious from what has been discussed in this section 

that the layouts of the documents conflict wi th ergonomics ideas, 
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-~----~-----------------------------

Design recommendations for documents are discussed in the 

next section. 

Since there was not enough time to re-design all of the 

documents analysed in detail in this section, (let alone all 

documents in the Company), it was decided to concentrate only 

on the stock order (associated with card type 403). Design 

recommendations for a code for this document were produced, 

since the code of the stock order caused most errors. These 

are given in section 7.0. 
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6.0. Design of Documents 

No general ergonomics model has been found describing how 

documents ought to be designed. The ergonomics of document design 

appears to be a very important and very large research area for 

ergonomics which hitherto has been neglected. There are, hmvever, 

in the Human Factors/Ergonomics literature of today, some data 

that are useful for designing documents. General e-rgonomics 

principles ought also to apply. One principle in Western 

culture, is that tbe information to be read and processed should 

begin at the top left of the document tvith subsequent information 

IVritten underneath or from left to right. Ivergard (1969). 

Another principle is that the documents should be as clear 

as possible, i.e. only relevant information that is necessary 

should be on the document. Th2 document should be designed 

consistently, i. e. the same information on different documents 

should be in the same place on each document. 

When a document is used as a "punching document", e. g. 

the document from which information is transcribed on to punched 

cards, it should be designed to aid: 

(a) The person who has to complete by handwriting or typing 

the document. 

(b) The punch operator who has to read the information and 

record it in" the form of punched holes in a card. Sometimes the 

needs of (a) may be different from (b). Sometimes the document 

has to be designed to meet other purposes. 
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The follQl,ing points, adopted from Great Britain Treasury 

o and H Div-ision (1962). should be considered in the design of 

documents from Hhich punching is carried out. 

(a) Information should be presented to the punch operator on 

one side of a single page of the punching document and data not 

to be punched should be clearly distinguished and separated. 

(b) Documents should be kept to a convenient size for handling 

and for ease of locating the relevant data. 

(c) Information should be presented in a straight fon,ard 

sequence in the order of punching, e. g. in column order on the 

cards. Information cOIl1lllon to a series of cards "ill normally 

be positioned first. 

(d) It is usually eaSler to record information set out vertically 

than horizontallY. The eye tends to jump horizontal lines, so 

causing a rather higher proportion of errors. The report does 

not provide any evidence for this statement, but it seems 

likely that vertical arrangements are more effective than 

horizontal ones. 

(e) Boxes can be used Hith advantage not only to focus the 

attention of the punch operators on the relevant information, 

but also to ensure that the information "hen originally recorded 

is placed in the correct position of the page. 

(f) Shading is a useful device to prevent people recording 

information in the "rong place or, alternatively to obliterate 
, , 

unHanted information. 
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(g) Legibility is important. Black on white and, where 

appropriate-, certain other colour combinations give good 

contrasts. It is also essential that sufficiently thick and 

opaque paper be used to prevent information on the reverse 

side or from the next document showing through. 
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6.1. Spacing allowances for entries. 

Adequate space must be provided on the document to 

facilitate easy completion of the entries. Spaces which require 

people to write smaller than normal can be irritating nnd will 

also slow dmm completion of the document. The recollnnended 

amount of space is shmm belm". The data are adopted from 

Knox (1952) and Great Britain 0 and H Division, (1962). 

Handwri t ten entries 5 ch/inch (horizontal) 

4 lines finch (vertical 

Handwritten column of figures 8 figures/inch (crowded) 

6 figures/inch (spaced) 

When numeric items are being totalled at the foot of a 

colunm, extra space for the total entry will almost certainly 

be needed. 

6.2. Alphanumeric characters. 

Alphanume.ric characters are used in various contexts,. in 

handwritten or typewritten form. Over the years there has been 

a great deal of research relating to various facets of the 

business of cOnimunicating by written material, including content, 

writing style and typography. A summary of the reconnnendations 

for letter and digit size and shape ~s given below. It is 

assumed that the illumination level is greater than 1 foot candle, 

that black letters or digits are printed on a white t- backg~ound 
1_- _ 
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and that vie"ing dis tance is about 28 inches. It is further 

assumed that the subjects have good eyesight. The data are 

adapted from McCormick (1970) and Woods on and Conover (1964). 

(a) Numerals 

Style: Futura medium or Univers 55. 

Hidth/Height ratio: 3:5 except for the digit 1 which is one 

"stroke width" wide. 

Stroke "idth as a proportion of height: 1:6. 

Absolute height of <numeral: 0.10" at least, 0.20" 

preferably. 

(b) Letters 

Style: Futura demi bold or Univers 55. 

Width/Height ratio: 1:1 except for I, J, Land W. Their 

ratios can be reduced to 2:3 without any appreciable 

reduction of legibility. 

Stroke width as a proportion of height: 1:6. 

Absolute height of let ter: 0.10" at leas t, 0.20" 

preferably. 
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6.3. Use of colours and other considerations. 

Coloured printing ink or coloured paper can help to 

distinguish documents and Hill help operators in sorting 

or selecting documents. There· are, however, certain dis

advantages. It is well knOlffi that defective colour vision is 

fairly COlill11on, about 6% of the men and 2% of the ,}Omen, have 

difficul ties in differentiating between certain colours, such 

as be tween red and green. 

Colours have to be chosen after careful consideration of 

the conditions in which they are to be used, since the light 

by which work is seen affects colour perception. 

Colours can also change in appearance Hhen seen next to 

another. 

Table 47 given below and adapted from Great Britain 

Treasury 0 and H Division, shoHS Le Courier's table of the 

order of legibility of colour combinations. 
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Table 47. Legibility of colour combinations. 

Order of legibi li ty Decoration Background 

1 Black Yellow 

2 Green White 

3 Red lolhite 

4 Blue \.Jhi te 

5 HIli te Blue 

6 Black White 

7 Yellow Black 

8 White Red 

9 Hhite Green 

10 \.Jhi te Black 

11 Red Ye 11011 

12 Green Red 

13 Red Green 

It is essential that the document does not cause glare, and 

is read in glare free conditions. If the paper or anything on 

the document causes glare, or there are glare conditions in the 

visual surrounds, the document will be read with discomfort and 

performance may be disturbed. Shiny paper should not be used for 

documents, even if shiny paper produces slightly better print, 

because this does not balance out the disadvantage of glare. 

It is obvious that a document has to be designed in such a 

way, that it does not hurt the people who deal Hith it. Paper is 
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often guillotined in such a way that it has very sharp edges 

and can easily cut the hand. It has been sometimes alleged 

(Ivergard 1969) that chemicals used in paper and printing 

can g1ve rise to allergies in the users. Whilst it is not 

possible to document evidence on this topic, clearly it 

is a factor which needs to be carefully watched. 

It is also essential to keep in mind that the choice 

of paper should also take into account what type of pen is 

going to be used. That is to say, when documents are to 

be completed in pencil it is necessary to use a paper with 

a matt or rough surface. When pen and ink is used a more 

polished surface is desirable. Great Britain Treasury 

o and M Division (1962). 

Before a'document is completed and put in use, the 

following things should have been established: 

1. What is the purpose of the document? 

2. Could the purpose be served by another document? 

3. Rave all the users been consulted about their needs 

and asked to comment or offer suggestions? 

4. What figures about the use of the form are needed, 

i. e. : 

(a) Numbers of queries arising from incorrectly 

comp le ted forms? 

(b) Most frequent source of errors in completion? 

(c) Numbers of copying errors? 

(d) Most frequent source of errors in copying? 
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5. How is the document used by each person who is handling 

it? 

Ca) Are entries made with pencil, pen typewriter 

or machine? 

Cb) Would particular features of design help arith

metical or sorting work? 

6. What information on the document is copied and how 

often? 

Ca) Is the sequence of information convenient for 

copying and checking operation? 

7. Have completed specimens of the document been examined? 

·Ca) For convenience of size? 

·Cb) Adequacy of entry spaces? 

Cc) Unnecessary entry spaces? 

(d) Are alterations of wording needed? 

Ce) Can entries be simplified by pre-printing? 

8. Is the quality of the paper appropriate? 

Ca) For writing? 

Cb) For handling? 

9. Have any special working conditions been considered? 

Ca) Outdoor use? 

Cb) Lighting? 

Cc) Eye fatigue? 

Cd) Lack of adequate writing facilities? 

10. Can words and printing be removed from the document? 

11. Is pre-print of the correct style and size? 

12. Can different colours be used? 

-140a-



13. Can the document harm the users in any way? 

14. Has the document been tested with the uSers in all 

working conditions? 

/ 
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7.0. Design of Codes 

In many cases the human operator" is a messenger bet"een tHO 

machines. In such situations the operator's task is merely one 

of transmitting a code "ithout errors. The operator does not 

process the coded information but has simply to render truly, the, . 

symbolic content and the order 1n ",hi ch the symbols appear. The 

ear and eye can be regarded as the input, and the O"Jtput is such 

activities as dialling, writing or speaking. 

It is usual to apply the term "immediate memory" to the 

process involved "hen information is stored by the human operators 

for a very limited time, and the data stored is liable to serious 

damage by intervening extraneous informati.on. In practice it is 

difficult to distinguish bet"een storing in immediate and in 

permanent memory. A certain telephone number, for example ,,'hid, 

has to be dialled many times "i 11 ultimately be knmm by heart, that 

is to say, "ill be stored in the permanent "memory. 

Perhaps the mos t striking fact about short-term memory 1S the 

limi ted amount of material that can be retained at anyone time. 

Jacobs (1887) quoted in Conrad (1962) first dre" attention to the 

fact that the memory span for letters "'as smaller than for figures. 

He offered t,-1O explanations. One "'as that "'e are more familiar ",ith 

random figures than ",ith random let ter sequences, the other ",as 

that there are more letters than figures to choose from. Cranne1 

and Parrish (1957) Warrington, et a1 (1966) quoted in \~elford (1968) 

also reported that the span obtained ",ith digits ",as longer than the 

span obtained ",ith letters. But the evidence is not quite 
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unequivocal. For example, Cardozo andLeopold (1963) found that 

the span for digits ,,,as the same as that for letters ,,,hen the 

items were presented visually all at once, but it was longer with 

audi tory presentation. 

Broadbent and Gregory (1964) found that lists of alternate 

digits and letters were less easily recalled than lists consisting 

of all'digits or all letters. The effect of alternation between 

classes of i.tems has been further sholm by Warrington et al (1966) 

quoted in We lford (1968) who found that although sequences of 

letters were less well recalled than sequences of digits, they were 

better recalled than mixed sequences of letters and digits. 

The question is, what is the form of code that gives the best 

guarantee of transmission without errors? The choice is bet~ICen 

alpha, numeric and alphanumeric codes. 

Both Conrad (1960) and Cardozo and Leopold (1963) state that 

letters which appear to be logical in context, that is, symbols 

with meaning are always better than the same number of digits. 

But letters which appear to be drawn at random from the' alphabet are 

much more difficult to remember than digits. 

Conrad (1962) reported an experiment in designing a six

character alpha-numeric code, where two characters had to be 

figures and four had to be letters. He reported that best performance 

was found when the figures were in the fourth and fifth positions. He 

also found that figures attracted fewer errors than letters, and that 

regardless of the type of characters, positions four and five 

suffered most error. He also said that "the results can be taken as 

supporting the view that digits are easier to recall than letters". 



Conrae! ane! Hull (1967) reported an experiment where house"ives 

copied alphn-numeric codes by hand. The codes "ere both grouped 

and ungrouped. They found that the speed for copying a numeric 

code "as up to 30% faster than a letter code. and the accuracy was 

up to t\vice as good for the numeric codes compared with the letter 

codes. 

On the grounds of what has been reported above, it was decided 

to recommend an all numeric code for the document associated ",ith 

card type 1,03. Since there are about 55,000 combinations used of 

the present code, it "'as decided that the ne" code should have at 

least 100,000 r:ombinati.ons plus a check digit, e.g. five plus one 

digit = a SlX digit code. 

It is well knO"m that a long code is more diffi.cult to recall, 

than if the code is zrouped. Conrad (1960) stated that for diali.ng 

codes the "optimum of the group proves to be 3 or 4 digi ts", 

although the evidence cited for this statement "as not very 

definitive. 

But since then several experiments hav," sho",n that groups of 3 

or 4 arc best, for example, Severin and Rigby (1963) quoted in 

Klemmer (1968) reported groups of 3 or 4 best for telephone numbers. 

Heron (1962) quoted in Klenmer (1969) found rehersal of groups of 

4 optimum for eight digit numbers. Hickelgren (1964) quoted in , 

Klemmer (l968) found subjects did best in an iw.mediate memory task 

"hen they rehersed groups of 3 or 4. Conrad and Hull (1967) found 

that groups of 3' s ",ere much better than no grouping. There is 

sOlile support for the motion that people tend to use "natural" 

groupings of numerals. 
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Thorpe and ROl<land (1965) found that subjects, when asked 

to repeat orally sets of 7, 8 and 9 numerals that they had 

previously learned, used groups of 2 and 3 digits most often. 

They also found evidence of smaller error rates vith groups of 

3 and I,. 
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8.0. The Design ·of ·the Ncw Document 

The size of the new document "as slightly bigger than that 

of the old one, because an A5 (148mm x 21Omm) international size 

paper "as chosen (see Figure 16). The A5 size "as chosen for t"o 

reasons. First the Company Iwuld, if designing the ne" document, 

choose an 1 At size since it is the international size. The second 

reason I,as that 115 "as thought to be a convenient size to handle 

and it I>'ould suit most documents that are used in the Data 

Preparation Section. The shop stationery (see Section 5.3.3.) 

preferred to have the space for branch number and order day in the 

one corner of the document, as this "ould help them when printing 

this information. In order to accomodate the requirements of the 

Shop Stationery Department and, more importantly, to improve the 

punching sequence, the spaces for branch. number and order day were. 

placed at the top left hand side ·of the document (see Figure 16). 

Each position in "hich data could be entered was provided with 

a box. This is thought to focus the attention of the punch 

operator on the relevant data, and would space the entries, 

generally handwritten, in an appropriate way. The width/height 

ratio of the boxes is 3:5, since this is the recommended ratio for 

numerals. The new document was designed to take a six item code, 

see Section 7.0. 

The item code was divided up into two groups, "ith a 

shadm,ed space, "ith a width of 2mm between them. It is necessary 

to shadm, the space providing the groups sono one mis taken ly 

writes a figure in that box. Since the new item code is tow 
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characters longer than the old one, it is only possible to get seven 

quantities and item codes on a card. As can be seen from Figure 16, 

there are only seven quantities and item codes 1n each column of 

the document. The operators thus start the next card at the top' 

of the next column. It is thought this "ould help them to keep 

track of where they are on the document. 

The number of quantities and item codes have been reduced from 

40 on the old document to 21 on the new. This should not increase 

the number of documents, since the average number of quantities and 

item codes per docunlent is six. 

Because of cost, it "as not possible to have the ne" docwnent 

properly printed. Instead, it "as duplicated, which does not give 

a finish as satisfactory as that obtained with printing. 

To determine whether the new document with the ne" code "10uld 

reduce the error rate and increase the production rate of punch 

operators an experiment "as carried out. This 1S described in the 

next chapter. 



9.0. The Experiment 

An experiment "as carried out to determine ,,,hether the new 

documents and the new code would reduce the error rate and 

increase the production rate.. To see what influence the 

document and the code had, these conditions were generated 

for the e>'l'e rimen t. 

(a) The old document and the old code (0 - 0) 

(b) The old document and the new code (0 - N) 

( c) The new document and the ne't.,r code (N N) 

By having these three conditions it is possible .to find 

out hOl" the new code and the ne", document effect the key and 

error rate. Comparing (0 - 0) with (0 - N), one can see ho", 

the ne", code affects the key and error rate. By comparing 

(0 - N) ",ith (N - N) one can see ho", the ne'" document e.ffects 

the error rate. The reasons for not having a condition ",i th 

the ne'" document and the old code are t"'ofold:-

(a) It is possible to determine ho" the ne", document and the 

ne" code effect the key and error rate by only using the three 

conditions stated above. 

(b) The old code does not fit into the ne" document since the 

ne'" document is designed to take a six digit code. 

The experimental subjects "ere divided up into three 

groups, one group with the old document with the old code (0 - 0), 

one group "i th the 0 Id documen t wi th the ne" code ! (0 - IN)-: ~nd 

one g,roup with the new document with the new code (N - N). 



A 5 x 5 latin square design was used for each group. Each 

operator had five trials. These were spread over a week. See 

Figure 17 for the layout of the ~xperiment. A, B, C, D and E 

in Figure 17 are different batches. That is to say, an 

operator never punched the same batch more than once. The 

operator punched 200 cards in each trial. The batches "ith 

the old document and the old code were made up of real work. 

The information on the batches in group 0 - Nand N - N were 

exactly the same as the information on the batches in 0 - 0, 

except for the code '''hich was numeric. The numeric code was 

made up in the following 'my. A list of the alphabet "as made 

up, and A "as given the number 01, B was given the number 02, 

etc. See Figure 18. The three first letters in the old code 

were then used to make up a six digit code. By doing it in 

way, all batches in the numeric 

same batches (i.e. A. B, C, D 

code corresponded d~~§i:iy:' 
';.-+:1;';: ,~,~"" ',' 

andE~ in the a1Pha~~~~'~.~ 
Fifteen punch operators "ere chosen for the experiment. 

All of them had more than six months I experience as Ipunch 

I ~perator-s: They ",ere divided up into three groups with five 

operators in each group. The group had the same average 

performance in terms of "efficiency". This was calculated from 

the monthly report produced by the Company for the last six 

months. The first group punched the old document with the 

o Id code, (0 - 0). The second group punched the old document 

with the new code (0 - N). The-third group punched the new 

\ 
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C D E 

E C D 
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B A C 
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E C D 

A E B 

B A C 
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Figure 17. The figure shows the layout of the experiment. 



A = 01 

B = 02 

C 03 

D = 04 

E = 05 

F = 06 

G = 07 

H = 08 

I 09 

J = 10 

K = 11 

L = 12 

M = 13 

N = 14 

0 15 

p = 16 

Q 17 

R = 18 

S = 19 

T = 20 

U = 21 

V = 22 

\,r = 23 

X = 24 

Y = 25 

Z = 26 

Figure 18. The figure shm~ how the numeric code was made up. 



document with the ne', code (N - N). All subjects used their 

own machines under normal conditions. 

The following things were recorded for· each operator and 

each branch. 

(a) The ti.me taken to punch the batch. 

(b) The number of self detected errors made. 

(c) The number of errors detected by a verifier, 1.e. each 

batch for all operators was verified by a verifier to determine 

the number of errors that "ere undetected by the puneh operator. 

Hhen an operator had completed five trials, she was asked 

to fill. in a questionnaire, which ,.as developed to try to 

find out her subjective opinion about the documents. See 

Appendix 5. The number of characters punched in a batch, the 

number of characters punched on a self detected error card,the 

number of characters punched on an error card detected by the 

verifier "'ere recorded by using the computer facilities 1n the 

data preparation section. 
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Table 48. Split plot analysis of variance on the key rate. 

Source df ssq msq F Sign 

Between subjects 14 5.826180 

Between conditions (c) 2 0.611917 (a) O. 305959 a N.S. 
b <: 1.00 

I 
Error between subjects 12 5.214263 (b)0.434522 

'"' t.n 

'"' lVithin subjects 60 8.328804 
I 

Between trials (t) 4 4.089137 (c) 1.022284 c 13.60 p-<..OOl 
e 

8 0.632438 (d)0.079055 d 
1.05 N. S. t x c 

e 

Error 48 3.607229 (e)O.075151 

Total 74 14.154984 



Table 48 shows that "Bet"men Trials et)" was highly 

significant (p<.OOl). Neither main effect of conditions, (c), 

nor the interaction t x c ",as significant at the 5% level. 

Each of these factors will now be considered in the order in 

which they occur in the Table. Though "between conditions" 

did not exert a significant effect, for completeness the 

average key rate averaged over all trials and subjects for 

each condition are shown in Figure 19 with 95% confidence 

limits. It shows what has already been revealed by the 

analysis of variance, i.e. that the key rate for the 

different conditions differ only very slightly from one 

another. 

Turning next to the effects of 'trials', which were 

shown to be highly significant, means were calculated for 

each trial averaged over subjects and conditions. Figure 20 

shows these means together with their 95% confidence limits. 

As might be expected in general terms performance improved 

on successive trials, shm·,ing evidence of an asymptote on 

the fourth and fifth trials. Differences between all pairs 

of means were tested using students 't' test. Those pairs 

of means which differed significantly at the 5% level are 

listed below.' 

Trial Difference 

1 2 0.406 * 
1 - 3 0.316 * 
2 - 4 0.204 * 
3 4 0.301 * 

* = significant at .05 level. 
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Figure 19. Average numbers of keystrokes per second for each 
condition, "ith 95% confidence limit. 
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Figure 20. Average number of keystrokes per trial for all subjects, 
with 95% confidence limit. 



The difference bet"een 3 - 5 1S significant, since 3 - 4 

is significant. 

Evidence of improvement in keying rate in early trials 

is confirmed as is evidence of an asymptote. 

No significant effects Here obtained for the interaction 

bet"een trials and conditions. In other ,wrds the effect of 

conditions upon key rate "as not differentially dependent 

upon trials. 

Figure 21 sho"s the average numbers of key strokes per 

second on each trial for each conditi.on. It can be seen 

that .the key rate on the last trial for both the old document 

"ith the ne,. code (0 - N) and the ne" document Hith the ne" 

code (N - N) is about 4.9 key strokes/second, "hi.le for the 

old document "ith the old code (0 - 0) the key rate is 

about 4.6 key strokes/second. 

It is interesting to see that the key rate on the first 

trial for 0 - 0 and 0 - N is the same, but the key rate 

increases for 0 - N after a couple of trials as presumably 

the subjects got used to the new code. 

The key rate for N - N VIas lower on the first trial than 

for 0 - Nand 0 - O. This is not surprising since it was a 

completely ne" document, but the effect seems to have dis

appeared on the second trial. 
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Figure 21. Average numbers of keystrokes per second on each 
trial for each condition. 



9.1.2. Self detected error rate. 

An analysis of variance was carried out on self detected 

errors and a summary of this is reported in Table 49. 
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Table 49. Split plot analysis of variance on the self detec.ted error rate. 

Source df ~ msq F Sign 

Between subjects 14 252,460,539.39 

Bett"een conditions ( c) 2 79,365,169.15 (a)39,682,584.57 a b 2.75 N.S. 

Error betHeen subjects 12 173,095,370.24 (b)14,424,614.19 

I Within subjects 60 107,692,952.80 .~ 

\n "., 
BetHe1en I 

trials ( t) 4 6,,<15,573.40 (c)l603, 893. 35 ~< 1 N. S. 
e 

8 15,391,297.24 (d)1,923,912.16 
d 

1.08 N .5. t x c 
e 

Error 48 85,886,082.16 (e) 1,789,293.38 

Total 74 360,153,492.19 



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

Table 49 shows that no factor "as significant. HOI,ever, 

the author vlaS doubtful about the form of the data. IVhen a 

closer inspection was made it Fas found, in particular, that 

The second mode which' 

was small occurred in the long I.tail of high self corrected 

error values. In order to make the data meet better, the 

assumptions of the analysis of variance a logarithmic 

transformation <las applied. A further analysis of variance 

was then carried out on the trans formed data. The resul ts 

of this are shown in Table SO. 
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Table 50. Split plot analysis of variance on the self detected log error rate. 

Source df ssq msq F Sign 

Between subjects 14 7.108448 

Between conditions ( c) 2 3.505426 (a) 1. 752713 a b 5.837 .01c::pc::.025 

Error between subjects 12 3.603022 (b)0.300252 

I 
'-' Hithin subjects 60 2.868678 Ion ..... 

\ I 
.£ 2.156 Between. trials ( t) 4 0.321648 (c)0.0804l2 N.S. 
e 

t x c 8 0.757137 (d)0.094642 .'! 2.538 .01<p<.025 
e 

Error 48 1. 789893 (e)O.037289 

Total 74 9.977126 



It shOl's that the effect of "Between Conditions (c)" and 

"the interaction "t x c" is significant (.01<.p"c:.025 in each 

case). The effect of "Between Trials (t)" is non significant. 

Figure 22 shows the average number of log key strokes/error" 

for each condition, Hith the 95% confidence limit. At-test 

was carried out to find out which pairs of means differed 

significantly. Results that Here significant are shown below: 

Conditions 

0-0 

O-N 

O-N 

N-N 

* = significant at .05 level. 

Difference 

0.527 

0.306 

* 

It will be seen that the self detected error rate is less 

for the new code and old document than in the other two 

conditions. 

Figure 23 shows the average number of log key strokesierror 

on each trial for all subjects, with the 95% confidence limits. 

Figure 24 shows the average number of log key strokes/error 

on each trial for the different conditions. It shows that the 

self detected error rate improved after the third trial for 

condition N - N, but that it was more or less the same on each 

trial for conditions 0 - Nand 0 - O. 
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Figure 22. Average number of log key strokes per error for each 
condi tion for the self detected error, \,i th the 95% 
confidence limit. 



Log keystrokes/error 

3.5 

3.4 

3.3 

3.2 

3.1 
/ - ---...,,/ 

---------
3.0 

2.9 
---------- ' --- --../" 

2.8 

2.7 

2.6 

2.5 

1 2 3 

, 

". 

". 

,,
". 

". 

". 
". 

". 

" 

"..r- _____ _ 

"",---- ----

4 5 Trial 
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9.1.3. Verified error rate. 

An analysis of variance "as carried out on the verified 

errors, and a summary of this is reported in Table 51. 



Table 5l. Split plot analysis of variance on the verified.error rate. 

Source df ssq msq F Sign 

Beb,een subjects 14 137,069,296.75 

Between conditions ( c) 2 61,811,074.43 (a)30,905,537.22 a b. 4.92 .025<p<.05 

Error between subjects 12 75,258,2.22.32 (b) 6,271",518.53 

I 
Wi thin subjects .... 60 135,133,193.80 

'" 0 
\ I 

(t) c Between. trials 4 11,357,710.22 ( c) 2,839,427.56 1. 27 N.S. e 

8 17,166,508.10 (d) 2,145,813.51 
d 

1 N.S. t x c -<:. 
e 

Error 48 106,608,975.48 (e) 2,221,020.32 

Total 7.4 272 ,202 ,490.55 



T ab le 51 sho",s the "Be t",een eondi tions (c)" HaS 

significant (.025<'p<.OS) ",hile "Bet",,,en Trials (T)" and the 

interaction t x c were non significant. 

Unfortunately as "'as the case \{ith self detected errors 

the form of the data was bimodal, (see" Figure B). with the second small 

I mode in the right hand (~:~1-', which Has very long. In order to 

better m8"t th" assumption of the analysis of variance the 

logarithm of the verified error rate \{as calculated and a 

ne", analysi.s of vnriance carried out. This is shmm in 

Table 52. 
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Table 52. Split plot analysis of variance on the verified log error rate. 

Source df ssq msq F Sign 

Between subjects 14 9.913163 

conditions (c) 2 3.608185 (a) 1. 80409 3 
a 

Bet"een b 3.433 N.S. 

Error between subjects 12 6.304978 (b) o. 525415 

I ..... Within subjects 60 3.691194 '" '" I 

Between trials ( t) 4 0.566025 (c) 0.141506 ~ 2.470 N.S. 
e 

t x c 8 0.375324 (d)0.046916 
d 
-<.1 N.S. 
e 

Error 48 2.749845 (e)0.057288 

Total 74 13.604357 



Table 52 shows that everything was non significant. 

Figure 25 sh'ows the average number of log key strokes/error 

for each condition, within 9570 confidence limit. It shows 

that the error rate for the new document and the new code 

(N - N) is better than the error rate for the old document, 

and the old code (0 - 0) and the old document and the new 

code (0 - N), but as stated earlier the differences are not 

significant. 

Figure 26 shOl,s the average numbers of log key strokes/error 

on each trial with 95% confidence limits. 

Figure 27 shmi's the, average numbers of log key strokes/error 

on each trial for each condition. It sho",s that condition N - N 

is better on all trials compared with condition 0 - 0 and 

condition 0 - N, though the differences are not significant. 

9.1.4. Total error rate. 

An analysis of variance ",as c1frried out on the total error 

rate, i.e. self detected and verified errors combined, and 

is reported in Table 53. The data for the 

c:Lne e:.. 
wereLno:mal~Y distributed. See Figure C. 

f 
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Figure 25. Average numbers of log key strokes per error for each 
condition for verified errors. "ith 95% confidence limit. 
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Figure 26. Average numbers of log key strokes per error on each trial 
for all subjects for verified errors with the 95% confidence 
limit. 
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Figure 27. Average numbers of log keystrokes per error on each 
trial for verified error on each condition. 



Table 53. Split plot analysis of varl.ance on the total error rate. 

Source df ssq msq F Sign 

Between subjects 14 3,608,361. 39 

Between conditions ( c) 2 1,452,076.19 (a) 726,038.10 a b 4.04 .025<p< .05 

Error between subjects 12 2,156,285.20 (b)179 ,690.43 
I ,... 

Within subjects 60 2,902,516.20 "' ". 
I 

Between trials Ct) 4 159,296.47 (c) 39,824.12 .£ 1. 19 N. S. 
e 

t x c 8 1,135,711. 93 (d)141,963.99 2. 4.24 p (.001 
e 

Error 48 1,607,507.80 (e) 33,489.75 

Total 74 6,510,877.59 



Table 53 shows that "Between Conditions (c)" was 

significant (.025~p<.05), ,,,hile "Bet,,,een Trials (t)" was 

non signifi.cant. Interaction t x c was highly significant 

(pe001). Figure 28 shm"s the average number of key strokes/ 

error for e.ach condition, with the 95% confidence limit for 

the total error rate. A t-tes t Ims carried out to see what 

conditions differed significantly from each other. Significant 

differences are reported belm". 

Condition Difference 

0-0 N-N 338.04 * 
* = significant at .05 level. 

It will be seen that the total error rate is less for the 

new document with the new code, that in the other two 

conditions. 

Figure 29 shows the average numbers of key strokes/error 

on each trial, with the 95% confidence limits.' 

Figure 30 shows the average numbers of key strokes terror 

on each trial for each condition. It shows that the total 

error rate for condition N - N decreases after the third trial, 

and that the error rate for condition 0 - N and condition 0 - 0 

do not vary much on the different trials. 
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Figure 28. Average number of keystrokes per error for each condition 
for total errors, with 95% confidence limit. 
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Figure 29. Average number of keystrokes per. error per trial for 
trial error for all subjects, "ith 95% confidence limit. 
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Figure 30. Average number of keystrokes per error on each trial for 
. the total error on each condition. 



9.1.5. Summary of results on keying and error rate. 

From the results of the experiment reported above, 

it seems that the ne« document and the new code do not 

effect the key rate very substantially, but do seem to effect 

the error rate, particularly the total error rate. 

9.1. 6. Comparing of the error rates and ratio between the 
self detected error rate and the verified error rate 
for all conditions. 

Since the self detected and verified error rate seem 

to be the reverse for condition 0 - Nand N - N, (see 

Figure 22 and Figure 25), it ,oas decided to make up a table 

with the error rates for all three eonditions. Table 54 

shows all the error rate" in percentage form. 
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Table 54. Error rate ·for all three. conditions in percentage 
form. 

Condition 

Self detected 
1 

x 100 0.148% error rate -- = 
673 

0-0 Verified error rate 
1 

x 100 0.105% 
946 

= 

Total error rate 
1 100 0.279% 

358 x = 

Self detected error rate 1 100 0.032% 3108 x = 

o - N Verified 
1 100 0.075% error rate x = 

1333 

Total error rate 
1 100 0.177% 

564 
x = 

Self detected error.rate 1 100 0.075% 
1327 

x = 

N - N Verified error rate 1 x 100 0.032% 
3036 

Total error rate 
1 x 100 0.143% 696 

It can be seen 1n Table 54 that the total error rate 

. for 0 - 0 is nearly twice as high as for N - N. 

It is interes ting to note that the self detected error 

rate and the verified error rate for condition 0 - N is 

completely reversed, compared with condition N - N, i.e. 

the operators on condition N - N detected and corrected 

more errors themselves and because of this they let fewer 

errors through to the verifier compared with the operators 

on condition 0 - N. 
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It can also be seen in Table 54 that the ratio between 

self detected error rate and the verified error rate is not 

4: 1 which it "as found to be in the "analysis of the error 

cards", (section 5.1). In fact the ratio is about 1.5: I 

for condition 0 

for condition N 

0, 1:2.3 for condition 0 Nand 2.3:1 

N. The ratio is even in the reverse 

. direction from what would be expected for condition 0 - N. 

9.1.7. Key rate versus error rate for the different operators. 

Klemmer and Lockhead (1960) reported that the operators 

who are fatit punchers also make fewer errors. Figure 31 

shows the relation between key rate and error rate for each 

subject. 

A correlation coefficient was carried out on the data 

reported in Table 31 to determine the relationship between 

speed and error rate for the 15 subjects. The resul C of 

this is shown below. 

r = 0.39 

It indicates a linear relationship ~n which the value 

of y increased as r increases, i.e. a fast operator makes 

a small number of errors and a slO\, operator makes a large 

number of errors. This agrees "i th Klemmer and Lockhead (1960). 
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Figure 31. The relation between key rate and total error rate for each 
subject. 



9.1.8. Results of the questionnaire. 

The results from the questionnaire that was given out 

to subjects after they had com~leted the five trials are 

shOlm below. 

Table 55. Subjects responses to the question "Ho" easy is it 
to read the 'data on the document?". 

Scale 
% % % 

Condition Condi tion Condition 
0-0 o - N N - N 

Very easy 

Easy 40 20 ' 

Satisfactory 100 40 80 

Difficult 20 

Very difficult 

Total 100 100 100 

Table 56. Subjects responses to the question "Do you think there 
is sufficient space between data on the same line'!". 

Scale 

Plenty 

Enough 

Barely enough 

Not enough 

Total 

% 
Condition 
0- 0 

100 

100 

% 
Condition 

0- N 

80 

20 

100 

% 
Condition 

N - N 

100 

100 



Table 57. ·Subjects response to the ques don "Do you think there 
is sufficient space between the lines of the data?". 

% % % 
Scale Condition Condition Condition 

0-0 o - N N - N 

Plenty 20 

Enough· 100 80 100 

Barely enough 

Not enough 

Total 100 100 100 

Table 58. Subjects response to the question "Do you ever lose 
track on tvhere you are on the document?!!. 

% % % 
Scale Condition Condition Condition 

o - 0 o - N N - N 

Often 

Sometimes 80 60 80 

Rarely 20 40 20 

Never 

Total 100 100 100 
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Table 59. Subjeets ·response to the question "How good 1S the 
layout ·0£ ·the document?". 

% % % 
Scale Condition Condition Condition 

o - 0 o - N N - N 

Very good 

Good 20 20 20 

Satisfactory 80 80 80 

Poor 

Very poor 

Total 100 100 100 

The subjects were also asked if they had any comments about 

anything that had not been mentioned in the questionnaire and in 

that case to wri te them down. The only comment thay had was that 

the data should be typed instead of handwri tten and this was 

said by several of the subjects. 

The results of the experiment are discussed in the next 

section together with the discussion for the whole project. 
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10.0 Discussion 

This project set out to try to determine whether operators in 

the data preparation section experienced any difficul ties or 

discomfort, and if so what were the causes. The results from 

the questionnaire administered at the begi.nning of the study 

will be discussed first. It will be recalled that no measurements 

1;-lere made on the environment, to see \vhether the opc::rators' 

complaints are valid or not. 

The reason for this is that the second part of the project 

concentrated on the documents. The questionn~ire can be seen in 

Appendix 1 and the results are reported in Section 2.1. The 

possible effect on the operators' performance of all the things 

that have not been examined, e. g. the machine, work-p lace and 

environment, is not known. 

Another project that looked into the visual, auditory and 

thermal environments in detail. "as carried out 1n the spring 

of 1971 by a postgraduate student from the Department of 

Ergonomics in another section of the same building. 

;n-."""""~ d" d .. b h . ""1€J~:-~lij: I;.., C"'''''':' a nun1stere a questlOnna1re a out t e cnv1ronm<::'~B·l-l·t.,e 

r') .1:;'.'~)' t';.;p: ':~~ 
ifahs{~\1 to "'hich contained many complaints about enviroA::i~~;r·i7i 
" '~. ~ '':F,'~~ 

'U~·i~'.~! ~~~~~ 
~~CQn.~~.~:,.t"ri,· ons, even though his objective measurements indiGs!e.~\:!l~ 
p " - ,.~a.,,:;::rj:l'). 

I '''' ~"(; , '. . . f1;,it1ffi1,"'" 1;tfiltl!lthe cond1t10ns were w1thm the comfort limits. He 1t~h~1 

~.~~~; i*4~ ~~~l:t~~j 
'cofif2!.\'ded that the complaints were probably of PSycholoM~a.i~1t'i 

~~d~jgcial nature, and that this ought to be looked intJ.~~£ 
lolhether this is the same ·for the data preparation section is 

not known. It seems unlikely that the visual and thermal 



----~-----

unlikely that it should effect her performance to any great 

extent. The only comment the operators had on the layout of 

the office was, that the pas i tion of the supervisor led to 

unfair distribution of work. This is probably more a problem 

of a social nature, than anything else. 

The keyrate and error rate found in the literature, the 

,1Orkstudy, the monthly report and survey are discus£:ed belm,. 

The average data from the different reports are shown in 

Table 60. 

Table 60. Key and error rate from the li terature, \o]orkstudy, 
monthly report and survey. 

Keyrate 
(Keystrokes/min) 

Error rate 
(Keys trokes ierror) 

Se 1£ de te cted 

-Verified 

Total 

Literature 

168 

1600 - 4300 

\.Jork 
Study 

181.8 

Honthly 
Report 

1575 

Survey 

216.68 

851. 44 

188.63 



It can be seen in Table 60 that the data from the different 

reports differs considerably, especially the error rates. The 

difference between the keyrate reported ~n the literature and 

the workstudy is small and can probably be disregarded. The 

differences between the error rates are more interesting. The 

error rate reported in the monthly report is slightly below the 

er·ror rates reported in the literature. But it was established 

that the monthly report did not give a true picture of the error 

rate, and the correct error rate for the data preparation 

section Has cs tablished in the survey. The difference be.tween 

the err.or rate in monthly reports and the survey is probably 

due to the way ~n "hich the errors are recorded. The difference 

be t"een the error rate found in the survey and the error rate 

established in the literature is considerable. It can be 

argued that the reason for the high error rate is poor 

operator performance. However, this seems unlikely because the 

operators error rate in percentage of cards has to be less than 

2% after three weeks training for them to be accepted by the 

Company. Furthermore, it is knOlvn that both speed and a"curacy 

improves during the first year on the job. See section 3.2. It 

seems more likely that the reasons for the high error rate 

should be blamed on the large number of different documents, 

their layout, the lack of compatibility between them, and their 

legibili ty. 

If one compared the errorJrate for 403 (Stock Order) 

obtained in the survey, see Tables 37, 38 and 39 in chapter 5.3., 



environment in the data preparation section should be different 

from the other sections of the building, since the "hole building 

has the same type of lighting ar,d is air-conditioned. It was 

stated in Section 2.1. that it is the author's subjective 

opinion that it would be worthwhile investigating the auditory 

environment, since the noise is sometimes disturbing. Hmvever, 

it seems unlikely that the noise could reduce the oI,erators' 

performance to any great extent, since it is only really dis

turbing "'hen all machines are in use, and this is very seldom. 

It also seems unlikely that the machines used in the data 

preparation section could reduce the operators' performance to 

any great extent, if any, since the machines are capable of 

operating up to rates of about 20 keystrokes per second. That 

is to say, the maximum key rate which the machine can deal wi th 

1S about the same as the maximum keyrate at "'hich an operator 

is capab le of working, but an operator can only come near to 

this rate at short bursts, (see section 3.1). If a machine 

ever delays an operator, it will probably be in a situation when 

the machine skips a card that only has about 40 columns'punched, 

bu~ since this normally happens when the operator also has to 

turn over a source document, it seems unlikely that thfs would 

delay the op",rator, and re,luce the performance. It also seems 

unlikely that the ",orkplace could influence the operators 

performance to any great extent •. A maj ority of the operators 

complained "'hen an adjacent machine is under repair, but since this 

only effects an operator for a relatively short time, it seems 
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with error rates obtained in the experiment, see Table 5~, 

chapter 9.1:6, especially conditions 0 - 0, one realises that 

the error rate obtained in the experiment for condition 0 - 0 

is below the error rate obtained in the survey. The reason 

for this is probably that the operator took extra care and 

tried to do their absolute best since they knew they were 

taking part in an experiment. But the error rates for 

condition 0 - 0 obtained in the exper.iment I are still well 

above the error rates quoted in the literature. 

The total error rate for the new document with the ne" 

code (N - N), is significantly better than the total orror 

rate for the old document "ith the old cude (0 - 0), Iwh;:le. thel • 

total error rate for the old document "ith tho neH code (0'=- I;) 

is better than the total error rate for condition 0 - 0, 

though not significantly so. The total error rate for N - N is 

better than the total error rate for 0 - N, but i t ~s not sig

nificant. That is to say, both the layout of the no~' document 

and the new code helped to reduce the error rate. The error 

rates for the ne" document with the ne" code (N - N) are 

the range quoted in the 1i terature. This 

rgument that "as put fon.ard earlier, Le. 

tors fault that the error rate in the data 

is high, since the error rate for a '·lell. 

<10CUlme",t is "ell ,hthin the limits quoted in the literature. 
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The keyrates obtained in the experiment are shm-m in 

Figure 21, -the keyrates on the last trial for conditions (0 - N) 

and (N - N) are about 4.9 chara~ters/second and for (0 - 0) they 

are 4.6 characters/second. If one converted these to keystrokes/ 

min one gets 294 and 276 keystrokes/min. Siebel (1970) says 

that the keyratcs in an experiment are t"Hice the key rate during 
~ 

a working day, i. e. to be able to ~ compare I the key rates i.n the 

experiment with the keyrates 1n the literature, we have to 

divide them by two. That is to say, the keyrate for 0 - Nand 

N - N is then equal to 147 keystrokes/min and 0 - 0 is equal to 

138 keystrokes/min. Although this gives only a very rough 

figure, it is then possible to compare it "ith the data in 

the literature. The figures ebtained from the above calcula-

tions are less than the figures g1 ven in the li terature. (See 

Tab le 60). Too much should not be made out of this, since it 

is a very rough way to compare data. But the keyrateG in the 

exper iment she" that all numeric documents, i. e. 0 - Nand 

N - N have a higher key rate than the document "ith mixed alpha 

and numeric. 

Since the ne" code is two· characters longer than the old 

code, one may ask whether the reduced error rate justifies the 

slightly loilger time taken to punch the new code. A reduced 

error rate saves the £ol101,ing things: 

1. The time taken for a punch operator to correct self 

corrected errors. 

2. The time taken for a verifier to determine whether she or 

the punch operator has made an error. 

-177-



compared with the alpha code). ' 



3. The time taken for the punch operator to correct the errors 

detected by the verifier. 

4. The time taken for the veri.fier to verify the cards that 

have been corrected hy the punch operator • 

. 5. The number of cards wasted. 

The reduced error rate is also probably encouraging for an 

operator from a psychological point of view. As a result of 

these consideration the author thinks that a reduced error rate 

can justify a slightly longer time taken to punch a document. 

The purpose of the experiment was to determine whether the 

new design of the document and the new code would increase the 

operators performance. One has to remember when looking a~ the 

results of the experiment that several things were working against 

the new document. The op"erators ,.,ere not used to it, anG. they 

did not have training sessions before the experiment. HOIvever, 

they were used to the condition 0 - 0, i.e. the old document 

with the old code, since this condition was made up of real 

work they do every day. The ne'" documents are different from 

the majority of the documents used in the data preparation 

section, i.e. there are interference effects between them. 

See section 5.4. That is to say, depending upon what type of 

,.ark the operators did immediate ly before the experimental 

session, the performance in the experiment could have been 

enhanced or adversely effected. In addition to potential 

interference effects, there are almost certainly effects due 

to incompatibility in the layout between the documents. See 



section 5.4. All of these factors "ork against the ne" document. 

In order to avoid all of these effects it "ould have been 

necessary to carry out an experiment over several months 7 with 

the operators using only one type of document. It "as not 

possible to do this in the time available. Also the cost of 

running an experiment over such a long time "ould have been 

prohibi ti ve. However, the results of the experimen t indicates 

that a properly designed document "ill increase the operators 

performance. But it is difficult to say hm,much the operators 

performance would increase if all documents were redesigned in 

a similar "ay. It has been sho"n that it is possible to reduce 

the total error rate about 50 %, see T7bi; 54, be~-;~;e---;;-f---
--~ 

this it should be possible t;, get a substantial increase in 

performance and output if all the documents "ere redesigned. 

Since it has been established that it is possible to 

increase the operators' performance by redesigning the documents, 

the new practical problem is to get enough evidence to convince 

the Management that it is important for them to redesign the 

documents. It is unfortunately not possible to state exactly 

how much the redesigning of all the documents would increase 

the data preparation section output. The only way to get 

more evidence for this "ould be to do a much bigger and 

elaborated experiment. 

If the Management ,·/ant to get a higher output and increased 

performance in the data preparation section, the first thing 

they might do "ould be to start looking at what sort of ne" 
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data preparation equipment is available on the market, and by 

hot, much i.t could increase their output. However, if they 

buy ne" data preparation equipment, the output might increase 

only slightly. This is because the error rate will still be 

the same, but the errors might be slightly easier to correct 

on new, more sophisticated equipment. But the source 

documents will still be the "bottleneck" to an efficient system, 

i.e. the data preparation section will not be able to I take full 1 

advantage of more sophisticated machinery because the source 

documents "ill al"ays limit the operators performance. That 

is to say, to optimize the data preparation section, the source 

document has to be redesigned. This would certainly be a much 

cheaper way to increase the output than for example, to buy 

new data preparation equipment. 
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11. 0 Conclusion 

From what has been dis cus sed in this proj ect, it is clear 

that there are several things that can cause discomfort and 

difficulties for operators in a data preparation section, and 

certain things, such as the documents can reduce their 

performance to a great extent. 

It has been shown that the error rate that is usually 

recorded in a data preparation section, i. e. the errors found 

by the verifier, does not g1 ve a true picture of the error 

rate. Because of this it is apparent that a system that records 

the keyrate and the total error rate, i.e. both the self 

detected errors and the errors found by a verifier, for each 

document and operator is -needed in a data preparation section. 

This would also be advantageous to the people who are 

designing ne"1 documents for the data preparation section. Since 

the cost per unit of through-put for data'preparation by key 

punch machines has Increased compared ,,,ith the cost per unit of 

through-put for the computer system itself, the keypunch has 

begun to appear as a "bot t1eneck" to efficiency. Thus, it is 

necessary for a data preparation section to try to increase their 

output "ithout increasing the cost. It has been shown that one 

way to do this is to redesign the documents that cause difficulties 

for the operators. This is certainly a much less expensive way 

to increase the output than for example to buy new data preparation 

equipment. As previously stated, new equipment would not reduce 

error rates, it would only make them slightly easier to correct. 
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This project has shown how it is possible to reduce the 

cause of difficulties experienced by the operators by applying 

human factors/ergonomics data, while at the same time reducing 

the operators' error rate. 

'"'~~~ : f':f"1l! ief lis t of the recollll)lOndations for change. arising 

:>"iiif.l'o/n the investigation is given below: -" ~itl l~:;·:!'." A system that records the keyrate and total error 

rate for each document and operator'is needed. 

2. Documents of different sizes should not be mixed in a 

batch. 

3. The documents used in the data preparation section ought 

to be re-designed to achieve the following: 

. , a) clearer layout in general. 

b) more compatibility between the documents. 

,c) correct punching sequence.! 

d) standardized sizes. 

Codes ought to be all numeric. 
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APPENDIX 1 

Punch operator questionnaire 



LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 

INSTITUTE. FOR CONSUMER ERCONOMICS 

PUNCH OPERATOR QUESTIONNAIRE 

I am making a study of the working conditions in your office, 
including such things as the documents, the workstations, the layout 
of the office and the environment, in order to give recommendations 
for improvement. 

I would like you to answer the questions on this reply sheet in 
order to get your op1n10n of the working conditions. You may rest 
assured that anything you say will be treated in the strictest 
confidence. 

Remember that any information you can give will be valuable, so do 
not hesitate to say just what you think. 

It is essential that you do not discuss with others your replies 
to the questions posed in this investigation, as I want your own 
uninfluenced personal opinion. 

Please answer questions by putting a tick ( '/ ) in the appropriate 
box. 

Finally, please answer every question. 

GENERAL QUESTIONS 

1. Sex: Male iI ._' Female 0 

2. Age: Under 18 0 
31-35 0 

18-21 

36-40 LJ 

3. Are you married 0 or single 0 ? 

-1-

22-25 0 
41-45 0 

26-30 o 
Over 45 0 



4. Shift: Day 0 Evening 0 Night 0 

5. How long have you been working as a punch operator, both in Boots and 
elsewhere? 

years months 

6. How did you come to take up this work? 

7. Did you get your training in this Company? 

Yes 0 No 0 

B. How easy is your job to carry out? 

Very easy 0 Easy 0 About average 

Neither easy 
0 nor dif ficul t Difficult 0 Very difficult 

9. If you think your job is difficult or very difficult, try to 
specify why. 

-2-

0 

0 



10. How tiring do you find your work? 

Very tiring U Fairly tiring 0 
Not particularly Not tiring at 
tiring 0 all 0 

11. If you think your work is very tiring or fairly tiring, try· to' 
specify why. 

12. How frequently do you get headaches? 

Often U sometimes 0 Rarely 0 Never 0 

13. How frequently do you suffer from eyestrain? 

Often 0 Sometimes 0 Rarely 0 Never 0 
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QUESTIONS ABOUT THE ENVIRONMENT 

For each aspect of the environment listed, put a tick against the 
numbers which best describes your impression. For example, if for 
question 14 you feel that the typical temperature of the office in 
winter is about right, you should tick (4). If for question 15 you 
feel that the typical temperature of the office in summer is too hot 
tick (7), and so on. 

Use your experience to make an overall judgement rather ~han 
rating things as they are this moment. 

14. Typical temperature of office in winter, from 'too cold' (1) to 
'too hot' (7). 

(1) 0 (2) 0 (3) 0 (4) 0 (5) 0 (6) 0 (7) 0 
Too cold Too hot 

15. Typical temperature of office in summer, from 'too cold' (1) to 
'too hot' (7). 

(1) 0 (2) 0 (3) 0 (4) 0 (5) 0 (6) 0 (7) 0 
Too cold Too hot 

16. Typical impression of ventilation of office in winter, from 
'stuffy' (1) to 'fresh' (7). 

(1) 0 (2) 0 (3) c=J (4) 0 (5) 0 (6) 0 (7) 0 
Stuffy Fresh 

17. Typical impression of ventilation of office in summer, from 
'stuffy' (1) to 'fresh' (7). 

(1) n (2) 0 (3) 0 (4) 0 (5) 0 (6) 0 (7) c=J 
Stuffy Fresh 
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18. Typical lighting in office, from 'dim' (1) to 'too bright' (7). 

(1) 0 (2) 0 (3) 0 (4) U (5) 0 (6) U (7) 0 
Dim Too bright 

19. Typical noise in office, from 'very quie~' (1) to 'intolerably 
noisy' (7) 

(1) D (2) 

Quiet 

D (3) D (4) 0 (5) c=J (6) c=J (7) 'U' , ' 

Intolerably noisy 

20. Where is your machine situated (from the windows)? 

1st row D 
4th row LJ 

2nd row D 
5th row 0 

3rd row 0 
6th row 0 

21. Do you find the artificial light glaring? 

Not noticeably 0 
Just noticeably. D 

QUESTIONS ABOUT THE WORKSTATIONS 

Hardly noticeably [] 

Very noticeably 0 

22. How much space is there on the working surface of your machine to 
set out documents from which you work? 

Plenty 0 Enough 0 
Barely enough 0 Not enough 0 
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23. How easy is the machine to operate? 

Very Easy U 
Difficult U 

Easy U Sat isfac tory U 

Very Difficult 0 

24. How easy is it to place documents and cards so that they are readily 
to hand? 

Very Easy 0 
Difficult 0 

Easy [] Satisfactory 0 
Very Difficult [] 

25. How well can you see the cards when they are in the machine? 

Very well 0 Well 0 Satisfactorily 0 
Badly 0 Very badly 0 

26. How much space is there around your machine for normal movement? 

Plenty n Enough [J Barely enough [J Not enough [J 

27. How much space is there around your machine while an adjacent machine is 
under repair? 

Plenty [J Enough U Barely enough [J Not enough C 

28. Are there any other particular difficulties connected with the space 
around your machine? 
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29. What type of shoes do you wear at "ork? 

Low heel [] .Medium heel 0 High heel 0 

30. Do you like LJ or dislike c=J the type of chair you are using? 

31. How easy is it to adjust the seat height? 

Very Easy 0 Easy 0 
Difficult [J 

Satisfactory c=J 
Very Difficult C 

32. How easy is it to adjust the backrest? 

Very Easy !.-J Easy 

Difficult ,-
LJ 

,-
I 
'--

Satisfactory 

Very Difficult D 

33. How comfortable is the seat to sit on? 

Very comfortable LJ Comfortable ~I Satisfactory r=J 
Uncomfortable LJ ~ 

Very Uncomfortable' LJ 

34. Can you keep your feet comfortably flat on the floor when you are 
working? 

Yes CJ No [] 

35. How good is the support which the backrest of the seat provides? 

Very good LJ 

Poor U 

Good L! 
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Satisfactory L-J 

Very poor [] 



36. Ho\~ frequently no you get muscular pains (pain in the back or legs, 
etc), while working? 

Often 0 Sometimes 11 
L......l Rarely CJ Never U 

37. If you get pain often or sometimes, please tick ( J ) on the figure 
to show where you get pain. (Woman - Figure 1, Man - Figure 2). 

38. Is there anything else you would like to say about your chair?, 

QUESTIONS ABOUT THE LAYOUT OF THE OFFICE 

39. How much space is there in the office (your section) as a whole? 

Plenty U Enough U Barely enough 'I 
~ 

Not enough U 

40. How good is the layout of the date preparation section? 

Very good ; ! Good L..J Satisfactory U 

Poor 
~ 

Very poor LJ 

41. If you think the iayout could be improved, what changes would you 
suggest? 
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FIGURE 2 (MAN) 
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QUESTIONS ABOUT THE DOCUMENTS 

42. Whic~ five documents (invoices, etc.) do you think are most difficult 
to read. Try to put the most difficult first, the next ~st difficult 
second, and so on. 

1. 

2. 

3. 

4. 

5. 

43. Try to specify why you find them difficult to read. 

44. If you think they could be improved, what changes would you suggest? 

45. Which five documents (invoices, etc.) do you think are easiest to 
read? Put the easiest first, and so on • 

. 1. 

2. 

3. 

4. 

5. 
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46. Try to specify why you find them easy to read. 

47. Is there anything not mentioned in this reply sheet that you feel 
you would like to say about your office? 

48. Is there anything not mentioned in this reply sheet that you feel 
you would like to say about your job? 

-10-



-~ --

APPENDIX 2 

credit Sales Invoices 

" 



PLEASE REMIT TO ADDRESS BELOW CUSTOMER'S NAME 
AND ADDRESS, 

, BRANCH ADDRESS STAMP MUST BE USED t DATE 

ORDER No. I DESCRIPTION OF GOODS 

S.D.R. I 
PLEASE REMIT TO ADDRESS BELOW CUSTOMER'S NAME 

AND ADDRESS, 

BRANCH ADDRESS STAMP MUST BE USED DATE 

ORDER No. DESCRIPTION Of GOODS 

: 
, , 
, , 
; 
, , 
, , 

INVOICE 
~ THE CHEMISTS LTD. 
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NOTTINGHAM 
NG23AA 
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APPENDIX 3 

Local Purchases Documents 



CARD NO. CODe 

(-,',....=2-r3'-r--,4+6:"",r6,....:..7,:6:... 9 10 11 

BATCH NO. 

P 

'~'.~ ... 't; - .,:~ 
~~''''W'' ~'~'"i 

Hh~, ' ";.~;,,;, ,', cJ ~~-;-:\~ 

LOCAL PURCHASES~~ 
TRANSACTION 

OM4608179A 

BRANCH NO. SUPPLIER ~O. DOCUMENT NO. DOCUMENT DATE 

12 13 14 15 16 17 18 20 21 22 23 '24 25 26 27 28 29 30 31 32 , 

COST VALUE PURCHASE TAX POST & CARRIAGE 

MACARTHV 

An example of the Local Purchases (PAlO) document, 



CODE BATCH NO. 

1 

p 

BRANCH NO. SUPPLIER NO. 

COST VALUE 

BATCH NO. 

1 2 4 5 6 7 

P 

CARD NO. LOCAL PURCHASES 
TRANSACTION 

OM46-8179 

DOCUMENT NO. 

30 31 32 

... 
PURCHASE TAX POST & CAIR R IIACiE ;5 
41 42 43 44 45 46 47 48 52 

CAROi'JO. LOCAL 
8 9 10 11 TRANSACTION 

OM46-8179B 

BRANCH NO. SUPPLIER NO. DOCUMENT NO. DOCUMENT DATE 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

YUIH~"A'it: TAX POST & CARRIAGE 

MARTI ....... ,.,., 
SAMO 

Examples of the Local Purchases (PA20) document. 

30 31 
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52 

32 



APPENDIX 4 

Stock Order documents 
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APPENDIX 5 

Punch Operator Reply Sheet 



LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 

INSTITUTE FOR CONSlJ}lER ERGONOMICS 

PUNCH OPERATOR REPLY SHEET 

I ,wlild like you to answer the questions on this reply sheet in order 
to get your opinion of the document. You may rest assured that anything you 
say will be treated in the strictest confidence. 

Remember that any information you can give will be available, so do 
not hesitate to say just what you think. 

It is essential that you do not discuss with anyone else your replies 
to the questions posed in this investigation, as I ,.,a·nt your own uninfluenced 
opinion. 

Please answer questions··by putting a tick (\I) in the appropriate box. 

Finally, please answer every question. 

1. How easy is it to read the data on the document? 

Very easy 0 Easy D 
Difficult 0 

Satisfactory 0 
Very difficult r=J 

2. Do you think there is sufficient space between data on the same line? 

Plenty 0 Enough 0 Barely enough 0 Not enough I 1 
3. Do you think there is sufficient space between the lines of data? 

Plenty 0 Enough 0 Barely enough 0 Not enough 0 
4. Do you ever lose track on where you are on the document? 

Often D Sometimes 0 Rarely 0 Never 0 
5. How good is the layout of the document? 

Very good 0 Good 0 Satisfactory 0 Poor 0 
Very poor 0 

6. If you think the layout is poor or very poor, try to specify why. 

7. Is there anything that has not been mentioned in this reply, that you 
would like to say about the document. 






