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Punched Card Accounting from the 
Audit Viewpoint

BY LEON E. VANNAIS

I

How many practising accountants 
receiving substantial per diem 
rates for their professional serv

ices have had to mumble some vague 
noncommittal reply when their expert 
opinion was asked on a technical point 
related to machine accounting? Punched 
cards are a spectacular and progressive 
tool of accounting. Many public ac
countants are doing intelligent and 
informed work for their clients in the 
punched-card field. Too many, perhaps, 
are not so well informed, and their lack 
of information does less than justice to 
both their clients and themselves.

This paper has been written not in 
the hope that it will provide all the 
information about punched cards which 
a public accountant should have, but 
in the hope that it will provoke thought.

The first thing that needs to be done 
is to dispose of a few bromides.

Of course, the first is “Punched cards 
are fine for statistics but no good for 
accounting.” Another one is frequently 
heard, “What happens if you lose a 
card?” Or the hundreds of references 
that infer that there is but one punched- 
card method—THE punched-card sys
tem. The initiated laugh at this one 
just as accountants would smile at a 
reference to THE pen-and-ink method. 
Or the more specific generalizations like 
“ Punched cards are fine for payroll but 
no good for accounts receivable” or the 
equally frequent “Punched cards are no 
good in the electrical industry because 
the Spark Company threw them out.” 
And by no means last, but merely 
enough for our present purpose, the 
famous “ Punched cards are all right for 
big companies but not for little ones.” 
No need to comment on each of these—

some date back to horse-and-buggy 
days. All indicate opinions that ignore 
the modern fact that punched cards 
have become an important, established, 
successful accounting tool. The indica
tions are that their use will increase faster 
in the next ten years than ever before.

Some Basic Considerations in 
Auditing

The American Institute of Account
ants bulletin, Examination of Financial 
Statements, says:

“An important factor to be consid
ered by an accountant in formulating 
his program is the nature and extent of 
the internal check and control in the 
organization under examination. The 
more extensive a company’s system of 
accounting and internal control, the less 
extensive will be the detailed checking 
necessary.

“In the large majority of cases, a de
tailed audit is not justified and the ac
countant relies on various test-checks 
of the records. The extent of the ex
amination and of these test-checks is 
essentially a matter of judgment which 
must be exercised by the accountant, 
based on his experience, on his knowl
edge of the individual situation and on the 
extent of the internal check and control.

“The term ‘internal check and con
trol’ is used to describe those measures 
and methods adopted within the or
ganization itself to safeguard the cash 
and other assets of the company as well 
as to check the clerical accuracy of the 
bookkeeping. . . . These safeguards will 
frequently take the form of a definite 
segregation of duties or the utilization 
of mechanical devices.”

Note at the start that auditing is es
sentially a matter of judgment. Note 
also that the importance of judgment is
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Punched Card Accounting
equally applicable to accounting itself.

The bulletin also says:

“Financial statements . . . reflect a 
combination of recorded facts, account
ing conventions and personal judg
ments ; and the judgments and conven
tions applied affect them materially. 
The soundness of the judgments neces
sarily depends on the competence and 
integrity of those who make them.”

And thus, too, is judgment applicable 
to punched-card procedures. Punched 
cards, by themselves, are neither good 
nor bad. Their utility is dominated by 
personal judgment—their success or 
failure in specific cases is rarely me
chanical, but almost invariably human. 
Their availability as an aid or a hin
drance in auditing depends first upon 
the judgment shown in applying them 
for a specific purpose, and second, upon 
the auditor’s knowledge of their scope, 
both as to limitations and possibilities.

In the auditor’s exercise of judgment 
based on knowledge, three significant 
phases of modern procedure are em
phasized in the previous quotations: 
the utilization of mechanical devices, 
definite segregation of duties, and reliance 
upon test-checks.

Punched cards are found in modern 
accounting routines which utilize me
chanical devices to an amazing degree. 
At the same time, their use makes a 
definite segregation of duties an essen
tial part of the flow of basic information 
into finished reports or accounts. In 
these first two phases, the presence of 
punched cards obviously contributes to 
conditions that are definitely designated 
as safeguards.

When punched cards are used, the 
possibility of reliance upon test-checks 
is not so obvious. The auditor’s first 
duty in deciding upon an adequate test
check is to ascertain that the records of 
all of certain transactions could be 
checked if he cared to do so, and then 
to select from the available whole cer
tain parts for expert scrutiny. There is

nothing inherent in punched-card prin
ciples which tends to reduce the pos
sibility of satisfactory audit (these arti
cles are intended to make this clear). 
They thus fit into the professional pro
cedure that makes an adequate audit of 
large operations practicable and feasi
ble. An accountant’s knowledge of 
punched-card procedures—“his knowl
edge of the individual situation,” as the 
Institute bulletin says,—is not only 
often necessary for a satisfactory ex
amination, but the presence of punched 
cards in a specific case plus this knowl
edge may expand the extent to which 
various “test-checks of the records” 
may be undertaken “at a cost that will 
be within the limits of a prudent 
economy.”

The bulk of my comments, then, will 
describe the operating principles and 
mechanical functions of card-operated 
machines. I need not tell auditors about 
auditing.

The Punched Card
Everybody readily recognizes that a 

pencil can be made to do different things 
by different people, and this wide range 
of potential usefulness worries no one. 
A similar conception of a punched card 
is fundamentally important—it is al
ways a tool and it need be nothing else. 
The card itself need never be a record. 
Like the pencil, it can produce a record 
—and like the worn-out stub, having 
done its recording work, it can often be 
as readily discarded.

In the early days of tabulating, the 
punched card was only a tool, and today 
the card is still a tool, vastly improved 
in its ability to produce results auto
matically, but still the same tool—a 
pencil in the hands of a craftsman in
stead of a child. Bear with this delib
erate repetition, because modern use of 
punched cards permits the fundamental 
function of the card as merely a tool to 
be overlooked. It must be borne in 
mind by those who design systems sus
ceptible of easy audit.
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The purpose of punched cards is to 

actuate a variety of more or less auto
matic machines. These machines sense 
nothing but the position of the punched 
holes; they read no printing or writing 
that may be on the face of the cards. 
Hence, when you see a punched card

like the common example that follows, 
understand at once that the card is 
serving a dual purpose (it is called a 
dual card in tabulating parlance); it is 
not only the regular punched-card tool 
to actuate machines, it is also a conven
tional written record.

Daily Individual Job Ticket

The written record might well have 
been on a separate ticket except for 
expediency. Using the face of the tabu
lating card for writing may have merely 
saved a piece of paper; or there may 
have been additional advantages in 
having the written data flow along at 
all times wherever the punched informa
tion was directed to go.

And please pause for this point. If I 
can make it clear, we have, in my opin
ion, reached bed-rock for our founda
tion of punched-card principles. You 
have in the illustration before you iden
tical information written and punched. 
You also have some information (like 
the foreman’s name) written but not 
punched. Where the same information 
is both written and punched, there 
seems to me to be one fundamental 
difference in the form of the data that 
dominates its subsequent usefulness. 
Every time I want to use figures written 
on a flat surface, I have to move them. 
I can put them in analytical columns. I 
can make copies which still give me

figures on flat surfaces, fixed and not 
readily available for cross analyses. 
Some machines will prepare several 
different written records simultaneously 
but still on flat surfaces of different 
kinds. In many cases I can operate 
effectively within these limitations. I 
may, however, want the same data in a 
dozen different places at once, and it is 
then that, no matter how clever I am, 
I am limited in what I can do auto
matically with figures flat on paper. The 
photoelectric cell or comparable devel
opments may expand this in the future. 
But the punching of information in 
holes in a card gives substance or body 
to the item—a third dimension, thick
ness; the possibility of mobility. The 
data has permanence in significant 
holes, and the position of the holes will 
direct the punched data wherever de
sired, directly from the original record 
to the final result.

This difference in the form of basic 
data naturally causes differences in 
technique in handling significant ac-
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Punched Card Accounting
counting information. The auditor fa
miliar with punched cards takes these 
in his stride. The auditor, anxious to 
take advantage of the presence of 
punched data, must develop the ability 
to recognize the many ways in which 
tabulating technique resembles manual 
or similar operations as well as the few 
ways in which punched cards are unique 
in their ability to produce required re
sults. These articles will attempt to 
clarify some points of similarity and to 
explain the possibilities and functions 
that are peculiar to punched cards.

Punched Information
Designing a punched card—in other 

words, determining what to punch— 
presents a problem somewhat like lay
ing out a chart of accounts. Both seem 
like a logical first step in system pro
cedure. But laying out a chart of ac
counts involves a full appreciation of 
what use is to be made not only of the 
final reports but also of the various sub
analyses as these become currently 
available. Failure to foresee the needs 
of management in developing a chart 
of accounts need not be commented 
upon to accountants—satisfactory op
eration on such a basis can only be an 
accident.

Designing punched cards presents 
exactly similar problems; the final re
sults must be anticipated with equal 
intelligence, but the related subanalyses 
or by-products frequently attain major 
importance because the extent of the 
practical subanalyses or the speed and 
economy of the by-products may be the 
very factors that make punched cards 
desirable. In addition, there is the 
vitally important factor in the design of 
a tabulating card—the fact that the 
punched holes are to actuate the vari
ous automatic machines.

In this, as in many other explana
tions, we seem to be on a merry-go- 
round—there is no obvious point of 
approach or departure. To take the 
first step, we must know what our last

will be. An explanation of what is in the 
cards covers all of the accounting and 
machine aspects of punched-card pro
cedures—for nothing can be done with 
punched-card equipment if “it isn’t in 
the cards.” Your automatic piano is 
silent without its punched roll.

Purposes for which information is punched
Information punched in cards may 

serve one or more of four purposes— 
calculate, indicate, actuate, or identify. 
These distinctions are somewhat arbi
trary but they are the best I can think 
of as a basis for analyzing punched-card 
procedure. A simple illustration will ex
plain why the distinctions are theoreti
cal, and of more help in thinking than 
in actual operations.

In many companies, the simple situa
tion will be found where there is one 
punched card for each sales invoice. 
On each card will be punched the 
“amount” of some particular invoice. 
(Of course there will be other punched 
data in the cards regarding the many 
invoices, but bear in mind chiefly the 
punched “amount.”) Obviously, its 
principal purpose is for calculating; it 
will make accounting machines add or 
subtract the amount. (Parenthetically, 
the machine will add or subtract the 
amount, depending upon some signifi
cant hole other than the amount, indi
cating whether the item is a debit or 
credit.) But suppose an analysis of 
billing is desired by size (in money) of 
invoices. The cards are to be sorted by 
“amount.” The punched amounts will 
actuate a sorting machine which will 
group similar items together in size 
sequence. The sorted cards will actuate 
an accounting machine which will 
calculate the total money involved in 
each size-group, and count the number 
of invoices if desired. The machine will 
print these totals together with a 
printed indication of the size-group. 
Furthermore, the “amounts” punched 
in the cards will actuate the accounting 
machine so that the machine will sense
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the end of each group, print indications 
and totals for the group, clear the 
counters carrying subtotals, and start 
automatically to tabulate the next 
group, and so on until the end of the 
run. Here then is one factor which under 
ordinary circumstances calculates, ac
tuates, and indicates, and, in the illustra
tion cited, does them simultaneously. 
Each operation is simple, in fact all 
punched-card operations are simple 
when analyzed. It is the simultaneous 
performance of many functions that 
makes machine operations apparently 
complex and often bewildering. The 
only other purpose mentioned as impor
tant—identification—is obviously pres
ent in these invoice cards, for the 
invoice number could be expected to be 
punched in each card. (Its absence 
would reasonably hamper ready audit 
as will be amplified in subsequent 
comments.)

Punched information for calculating
Calculating is not confined to ad

dition, subtraction, and counting in 
modern punched-card practice. Multi
plication is fairly commonplace, and 
is automatically actuated by punched 
amounts—the concept of amounts now 
being expanded to include rates.

Where both factors are present in 
each card, a special machine (with the 
descriptive name “multiplier”) actu
ated by the punched factors computes 
the product and automatically punches 
the result in each card. The operation 
is not only simple to appreciate but the 
possibility of back-track and audit is 
obvious. However, the multiplier does 
not need to have both factors punched 
in each card in order to compute and 
punch individual results in detail cards. 
The mobility of the cards and the ex
istence of a sorting machine (perhaps 
the outstanding unique features of 
punched-card procedures which will 
recur frequently in these articles) makes 
it simple to arrange detail cards into 
groups where similar rates apply. When

this is done the rate need not appear in 
the detail cards. For example, the quan
tities and identifications of commodities 
may be punched in detail cards. It may 
be required to determine the cost per 
unit, multiply by the quantity in each 
card, and compute and punch the indi
vidual extensions. The sorter would not 
only bring together all cards for each 
commodity but would inject a rate card 
(cost per unit) in front of each group. 
The multiplier would then extend each 
card in a group by the rate for that 
group, automatically changing rates as 
each new rate card appeared but punch
ing the extension only. The resulting 
lack of back-track is not an unusual 
situation in modern practice. There are 
many manual and machine-assisted 
operations where the factors resulting 
in a product are not recorded. In some 
machine calculations, the printed fac
tors that apparently produce a printed 
result are not the ones which actuated 
the machine calculation. In practice the 
auditor must recognize these situations 
and must prescribe adequate test
checks. A knowledge of each situation 
is essential.

Unique multiplications
The mobility of the cards and the 

presence of the sorter leads to other cal
culations—apparently multiplications 
—where no multiplying machine is used 
at all. Public-utility billing provides a 
splendid example. A card is punched for 
each customer each month. Each card 
contains, among other data, identifica
tion of the rate applicable to the cus
tomer. All cards for similar consumption 
at similar rates, together with the ap
plicable master rate cards (on which 
appears the rate, consumption, and 
money), are brought together by the 
sorting machine and the amounts of 
money (both “gross” and “net” where 
discounts are allowed) are automatically 
punched in the detail cards (at the rate 
of one hundred customers, two hundred 
calculations, a minute). The basic con-
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dition that makes this operation ad
vantageous in utility billing (frequent 
recurrence of similar situations in a 
mass of transactions) is also found in 
apparently unrelated instances, such as 
some kinds of payroll and cost work. 
No problems in auditing are presented 
by these calculations, for the maximum 
information is available for back-track.

Another type of punched-card “mul
tiplication” exists that cannot be de
scribed in detail here because of lack of 
space. I mention it briefly for two rea
sons: first because it presents those 
difficulties in auditing that always occur 
when back-tracks are lacking, and 
second because it has always seemed to 
me that the potential usefulness of the 
procedure has been undeveloped in 
many places in practice. I refer to the 
punched-card facility of determining 
the sum of a series of extensions without 
individual computations, sometimes 
called digit extension. Standard cost 
procedures furnish many examples 
where the laboriousness of pricing and 
extensions leads to compromises in 
practice even though the applicable 
factors are known to exist. Suppose, in 
some particular instance, the elements 
of standard cost for each commodity 
are predetermined, and totals for labor, 
materials, factory overhead, scrap, and 
packaging would be significant and use
ful. The standard cost per unit for 
these five elements can be automatically 
introduced into punched-card sum
maries of the quantities, say, of pro
duction. The situation at this point is 
that one card exists for each identified 
commodity showing the number of units 
produced, together with the total stand
ard cost per unit and the five analyses of 
this unit total. Of course, individual ex
tensions of each element for each com
modity could be computed and punched 
for each commodity. These may not be 
needed, even though the pricing has 
already been easily accomplished; the 
group extensions for classes of com
modities may be entirely adequate.

These can be obtained at a rate equiv
alent to more than 6,000 individual 
extensions per hour under some condi
tions, again making use of the mobility 
of the cards and the sorting machine. 
The sorter first segregates the whole 
group of commodity cards into desig
nated classes of commodities, and the 
cards for each class are handled sepa
rately. The cards for a class are sorted 
on the digits of the quantity and placed 
in an accounting machine—9’s first, 
then 8’s, and so on down. The machine 
adds the six prices (total and five ele
ments) simultaneously, printing first 
the totals of cards with 9 units in the 
quantity, it then proceeds to add the 
8’s, but prints the progressive total of 
the 9’s and 8’s, and so on through the 
series. The total of the 9’s therefore ap
pears nine times in the progressive 
totals, the 8’s eight times, and so on. 
The totals of the progressive totals are 
thus the extensions of prices by the 
units in the quantities. The operation is 
repeated for each digit in the quantity 
pointing off the result appropriately for 
tens, hundreds, thousands, etc. The 
grand totals thus available are the 
group extensions. The lack of back
track is disturbing but does not differ 
materially from the many situations 
where similar results are obtained from 
nonprinting, key-driven computing ma
chines. In the instance cited, the pres
ence of detail cost prices that crossfoot 
to the commodity total makes a check 
of the results by crossfooting a safe
guard upon which some reliance can be 
placed. Furthermore, it would be pos
sible to subject the entire file of cards to 
the group extension procedure and have 
six grand totals to which the class totals 
must balance. The auditor to whom 
such results are to be presented for 
audit, however, must first become fa
miliar with the procedure. He can then 
improve his position if he analyzes the 
situation in advance and obtains the 
cooperation of the operating supervisor 
so that ample safeguards are provided

205



The Journal of Accountancy
at the time the calculations are made. 
If he waits until the time of his audit, 
there may be difficulty and confusion in 
trying to recreate the original conditions 
that resulted in the original calculations. 
Foresight, in my opinion, becomes in
creasingly important as clerical opera
tions become increasingly mechanized. 
This opinion is, to some extent, sub
stantiated officially in the comment in 
Examination of Financial Statements:

“It should be understood that all of 
the work outlined need not necessarily 
be done as of the closing date of the 
period covered by the examination. It is 
frequently desirable to do the detailed 
work on the inventories or receivables 
as of an earlier date and, where condi
tions warrant it, this is satisfactory.”

Punched information for indicating
The indicating information punched 

in cards tells the initiated what reports, 
analyses, or accounts can be prepared 
from the cards. Here is where judgment 
in card design is essential. Here is where 
the ultimate use of all tabulated figures 
must be foreseen, possibility of change 
or expansion anticipated, and the most 
effective mechanical procedures chosen, 
before anyone can decide what to 
punch, because the indicating informa
tion will govern every question that 
can be answered from a set of cards ex
cept " how much?’’

A textile company which advertised 
some of its products (and which had 
punched cards for sales analysis) was 
confronted by the question of whether 
or not the advertising was effective. 
Within certain styles, some items were 
restricted (and specially labeled) for 
large distributors, some were for the 
trade, some items were advertised, 
some were not. There was nothing in 
the commodity coding to indicate this. 
The first step in getting the answer was 
to sort mechanically a million cards, 
pick out manually the advertised items, 
punch a distinctive hole in these, and 
then proceed with the required studies.

In other installations indicated in
formation was thoughtfully provided 
in the original layout in case it might 
later prove to be useful. After long ex
perience no use had been made of some 
of the punched data but the punching 
continued day after day, purely from 
habit. Original ideas, in punched cards 
as in other media, can be profitably re
viewed from time to time. That this is 
frequently done in tabulating depart
ments prompts a practical tip to audi
tors at this point. In any particular 
case, when you are examining a card in 
order to find out what information was 
originally planned to be punched, do 
not hesitate to say, “I understand the 
printed headings on this card but do you 
now actually use them as indicated?” 
You will often find that experience has 
led to modifications and that the tabu
lating operators may have improved the 
punched data without bothering to get a 
new electrotype for the card form—the 
punched data no longer conforms to the 
printed headings. Confusing, I’ll admit, 
but quite practical, and just another 
illustration that the machines sense 
nothing but the position of the holes.

Indicating information is usually in 
the form of codes, numerical designa
tions for persons (customers, creditors, 
or employees), locations (offices, states, 
cities, trading areas, departments, or 
bins), operations, commodities, services, 
accounts, or any of the hundreds of 
other classifications that appear as 
items, subtotals, or totals on analyses, 
reports, accounts, or statements.

This is no place for a long dissertation 
on coding but my personal opinion of its 
importance leads me to state emphati
cally that no punched-card installation 
can be any better than its coding. With 
good codes, or classifications, and poor 
operating personnel or conditions, a 
creditable job might still be done; with
out good codes, a good operating crew 
properly equipped will not only be 
hampered at all times but will deterio
rate through frustration.
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Punched information for actuating 
machines

Actuating information includes indi
cating information. In fact, it also in
cludes the calculating data, which may 
well be mentioned first.

Just as an adding machine operator 
depresses keys to set an amount in an 
adding machine before she pulls her 
lever or pushes a motor bar to register 
the amount in a counter, so a punched 
amount in a card will similarly set an 
amount in one or more counters auto
matically. As a matter of fact, punched 
information in cards is very similar in 
appearance to keys depressed in an 
ordinary adding machine. The vertical 
columns contain all the digits with each 
column having a definite significance— 
units, tens, hundreds, etc.—and the 
significant punched holes are read like 
the depressed keys, from left to right. 
An accountant or executive, however, 
rarely has more occasion to read 
punched holes than he has to read the 
top of an adding machine. Bear in mind 
that both are tools—he reads the 
results.

A word about terminology
Momentary digression! Office appli

ance terminology is just as confusing to 
the layman as is accounting terminol
ogy. Both contain ordinary words 
which have a technical significance to 
the insider which others may not under
stand. “Counter” is such a word in the 
appliance field. In the punched-card 
field alone, the use of the word has fol
lowed the range of machine develop
ments. The original machines, devel
oped for the 1890 census, were strictly 
statistical and really counted punched 
holes. A six and a seven in the same 
column in separate cards may have been 
as different as a widow and an orphan— 
there was no intention to make thirteen 
of them. During the years that followed, 
the functions of adding and subtracting 
were incorporated in accounting ma

chines which became, for example, 
seven distinct adding machines as
sembled under one cover, actuated by 
cards, and with supplementary print
ing mechanism for recording the ac
cumulation of the amounts and the in
dication of each group total. The seven 
adding assemblies were still called 
counters. In some machines still in 
efficient use, these counters have visible 
dials where the accumulated amounts 
may still be read, a throwback to the 
days when no printing mechanism was 
available on tabulating machines, and 
operators then read, and in many cases 
still do read, the amounts on the dials 
for transcription on work sheets or 
records.

What makes the term “counter” 
more confusing today is the nature of 
the most modern machines, which can 
be connected very flexibly into numer
ous adding assemblies for a maximum 
variety of work from a single machine. 
You will thus find in operation so-called 
32, 56, or 80 counter equipment, which 
refers to the maximum number of indi
vidual adding counters which are avail
able for designation as desired. In a 
phrase not common in punched-card 
conversation, but descriptive to other 
machine men and, I think, accountants, 
this would be called “splitting” the 
counters. The problem, of course, is to 
group the adding units to the maximum 
capacity needed for carry-overs. After 
the original planning, this becomes 
automatic. I will from now on confine 
my use of the word “ counter ” to the as
sembly which accumulates totals, even 
though in some types of equipment the 
technical terminology actually in use 
includes the terms “adding units,” or 
“accumulators.”

Functions of a counter
One of the first things regarding the 

counter of importance to the accountant 
is the fact that it can indicate as well as 
accumulate. It does this, in one way, by 
adding the first card in each group.
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Suppose a payroll is being run. There 
may be many cards for each man, each 
of which will contain his number. While 
the totals of his hours, earnings, deduc
tions, and net pay are being computed 
in various counters, one other counter 
will pick up his number from the first 
card and hold it, without subsequent 
accumulation, until his last card has 
been accumulated. Then the machine 
prints the man’s line on the payroll and 
goes ahead automatically with the next 
one. It has indicated the man by adding 
his number once, an automatic function 
of the machine. Any counter can be 
made to do this.

A counter, then, can calculate or in
dicate, but in modern machines particu
larly it must be actuated.

Another digression! The auditor will 
find in actual use practically every 
model of all kinds of punched-card 
equipment. The first and simplest tabu
lators are still extremely effective for 
some kinds of work, and are still in use. 
The fact that an auditor may not be 
able to distinguish one from another 
need not make him self-conscious. The 
tendency of the manufacturers has been 
to furnish universal bases for many of 
their models, so that features like addi
tional capacity, subtraction, and selec
tion of items may be installed on ma
chines in customers’ offices. The effect 
of this has been to prevent the most 
expert observer from knowing by casual 
inspection what capacity or features 
may be underneath the covers of a 
particular machine. Surely the auditor 
familiar with machine functions may 
very sensibly ask a supervisor or opera
tor what a particular machine is built 
to do. He exhibits knowledge, not ig
norance, when he does so. But back to 
our actuated counters.

It will not be possible to trace here 
the evolution of counter actuation, even 
though machines representing its vari
ous phases are still in use. It is still 
basic, however, that there is a connec
tion between the card and the counter.

This connection is physically real and is 
either mechanical or electrical. The 
operating principle is that any part of a 
punched card may be connected with 
any counter of an accounting machine. 
Modern machines contain a modifica
tion of this principle which has had a 
tremendous effect on operating proce
dures. You may now connect any part 
of a card with any counter of a ma
chine, but the counter won’t do any
thing until it is told to do it. Hence the 
emphasis on actuation.

One illustration will cover several 
points at this time.

Suppose we have punched cards for 
budgetary control, and inject one tech
nical term into the explanation. A 
“field” on a card is the number of 
vertical columns designated for a spe
cific purpose. In this example, we will 
consider three fields only—the account 
number, the amount of money, and the 
kind of card. The number of columns set 
aside for account number or amounts 
would, of course, depend upon the job. 
In this case, we assign one column at the 
extreme right for kind of card, and in
dicate, by punching, the following:

1. Previous months’ expenditures.
2. Previous months’ appropriations.
3. Current month’s expenditures.
4. Current month’s appropriations.

The connection between the cards 
and the counters can be illustrated as 
shown in the diagram on page 209, to
gether with the instructions to the 
counters as to what to do.

In this case, the relation between the 
cards and the final report is simple.

In the first place, it should be noted 
that the cards need to be sorted by ac
count number only. The sequence of the 
“kinds of cards” is unimportant.

The account number is being indi
cated in counter number 1. Note, too, 
that this is also actuating the machine in 
an important manner. The machine 
senses the end of each group of cards 
representing an account number, causes
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the machine to stop accumulating in all 
counters, causes it to print the group 
totals, clear the counters (“reset” is the 
word), and to proceed with the next 
group or account. This is called “auto
matic control,” a vague term but an im
portant function.

In the meantime, the “amount” 
punched in the same field in each card 
has been connected with all six of the 
other counters, each of which has been 
actuated independently to produce the 
report.

Counter 2 went into action only when 
a number 4 card (in the column “kind 
of card”) went by. It ignored every 
other card. It selected the 4’s.

Counter number 3 did the same thing 
with current month expenditures. As a 
matter of fact, if the detail cards con
tained both debits and credits, signifi
cant punching could have been designed 
to actuate “net” results in this counter 
with no additional effort. This applies 
to the other net columns also.

Counter 4 would subtract the ex
penditures from the budget and print a 
special designation (a minus sign or 
a symbol like DR) if the expenditures 
exceeded the budget, showing the 
balances, of course, in both cases.

The actuation of counters 5,6, and 7 
similarly provide the year-to-date totals 
—all seven operating simultaneously.

When you bear in mind that the cards 
in each group are being handled at a 
maximum speed of 150 a minute, and 
that the printing and resetting time is 
slight, it is not surprising that the use of 
punched cards for this type of work is 
increasing.

“x” punching
The majority of accounting machines 

in use in 1940, however, would get this 
same result in a slightly different man
ner. The actuation of counters 2 
through 6 in the illustration cited are 
by what is known as “digit selection,” 
a comparatively recent development 
(the digits 1 through 4 appeared in a

vertical column). The same result was 
previously accomplished by a simple 
expedient with a confusing name, “x” 
punching, which is so important as to 
warrant description.

In each vertical column on a tabulat
ing card the bottom ten positions repre
sent the digits 0 through 9 and, in one 
type of equipment, these alone record 
in adding counters. There are two 
positions above these, the eleventh just 
above the 0 and the twelfth at the top 
of the card. I don’t know who first 
called the eleventh the “x” hole or why 
they did it, but it certainly become a 
real factor in punched-card technique.

If a machine does not have the fea
ture of digit selection, it will probably 
be equipped with “x” controls. This 
means that the counters can be ac
tuated by “x” holes punched in signifi
cant columns. Here the explanation 
becomes involved because of the many 
things the “x” hole has been made to 
do (it grew like Topsy).

In the first place, both the “x” hole 
and the twelfth are used in combination 
punching on alphabetical cards, be
cause, by clever arrangement of punch
ing and machines, the twenty-six letters 
and ten digits can all be punched in one 
12-position column. In one type of 
equipment, combination punching is 
used for numerals, doubling the normal 
capacity of the card. So any portion of a 
card containing combination punching 
excludes the use of the “x” position for 
the type of counter actuation illustrated 
in the budget report.

Then the “x” hole is used by punch 
operators to skip a field in which no 
punching is required for a particular 
card (like the tabular key on a type
writer). Sometimes this “x” skipping is 
so significant that the “x” thus punched 
can be used for actuating counters, but 
usually this is avoided.

Furthermore, the function of indi
cated information to actuate the auto
matic control of group totals precludes 
the use of x’s in these fields.
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It usually happens, therefore, that 

the significant x’s for counter actuation 
appear above amounts or reference 
data. It should be remembered in each 
case that the location of this “x” has 
nothing to do with the other informa
tion punched in that column. The x’s to 
actuate the budget report might have 
appeared in four columns above the 
“amounts”; the results would have 
been as indicated.

These same x’s have also had assigned 
to them the actuation of several func
tions of the automatic carriage used in 
document preparation, like bills or pro
duction orders, where definite horizon
tal sections are provided for various 
types of information. On a bill, these 
might be the address of the customer, 
the address for shipment, the terms, and 
the body of the invoice. The automatic 
carriage will automatically space such a 
document even when the number of 
lines in each section varies.

The importance of all this to the 
auditor appears when he wants to test
check some of the reports, particularly 
when he realizes that the budget report 
used as an illustration is not the only 
one he will meet where every counter is 
cleared for every item printed. The 
balancing to controls in such cases pre
sents situations where counter actuation 
is but the first step in developing an 
accurate knowledge of the individual 
situation.

This by no means exhausts the means 
of actuating machines by punched 
holes. Many will be mentioned later. 
One—sorting—has already been men
tioned several times but deserves repe
tition. The actuation of the sorting ma
chine by punched cards is an operation 
that should be seen to be appreciated. 
It is one of the few operations where 
the action of the machine is visible. Five 
minutes of looking is better than five 
hours of reading. The auditor will ex
pand his opportunities for useful test
checking if he knows how cards may be 
mechanically sorted.

Punched information for identification 
or reference

The fourth purpose for punching, 
viz., information punched in a card to 
identify the item, frequently provides a 
reference from a result back to a source. 
The punching of a document number 
is the most common example. It un
doubtedly amazes auditors how fre
quently this useful data is omitted in 
punched-card procedures. There are a 
number of contributing factors, some of 
which need but brief comment.

In the old days, tabulating equipment 
had no printing mechanism. It was often 
felt that anything that was not to ap
pear in the visible dials could be conven
iently omitted from the cards. Manual 
controls for batches of documents were 
kept, against which the totals of tabu
lations were balanced. The documents, 
the controls, and the results were all 
there—in fact, they still are—and as 
there was no way of preserving any 
record of the particular cards that went 
into tabulated totals, there was often 
no point in providing detailed reference 
data.

Bear in mind, too, that card capaci
ties were then smaller, the 34 and 45 
column cards were standard. The lim
ited space for punching significant indi
cating information was a frequent 
problem. Reference data was, to many, 
a frill. Furthermore, even after card 
capacities were doubled, horizontal re
ports like the budget report could only 
be obtained by providing spread fields 
in the cards equivalent to the number of 
counters involved. The release of avail
able card space by selecting six counters 
of varying data from one field in the 
cards is comparatively recent.

Even when modern printing tabula
tors are available, the experienced tabu
lating operator frequently resents leav
ing complete back-tracks for easy 
audit. His reasons are very human. In 
the first place, he is in the habit of 
“hitting his balances.” In public-utility

211



The Journal of Accountancy

billing, for instance, a good department 
will “flash” 98 per cent of its controls 
on the first attempt. The operators do 
this at tabulating speed, a maximum of 
150 cards a minute. These same ma
chines will list every card, printing from 
75 to 120 complete lines (one card a 
line) a minute. This to the operators is 
slow, takes a lot of paper, and just 
doesn’t seem necessary anyway. Pro
viding lists for all runs, of which few are 
subsequently used, is inefficient. A 
check-up of a situation by an auditor 
may disclose many points in a pro
cedure where lists of cards would pro
vide valuable aids in subsequent audit
ing. These can often be readily run 
when the cards are in document se
quence, and they frequently are. It may 
be inconvenient to recreate that situa
tion at a later date, due to the various 
uses to which the cards may have been 
directed. Here then is another spot 
where foresight by the auditor can 
prove helpful to himself and his client.

Manual and Automatic Punching
The auditor has a very real interest in 

how cards are punched because the 
accuracy of final results is dependent 
primarily upon the accuracy of coding, 
punching, and verification.

Originally, each hole in a card was 
punched by an individual key stroke 
by an operator. Today automatic 
punching of all or any part of the 
punched data not only steps up speed 
and accuracy but opens new avenues of 
information.

There are so many types of punches 
available, each developed for specific 
needs, that their description if included 
here would make a catalog out of what 
must be a résumé of a broad sub
ject. Basically, however, there are at 
present but four ways of punching cards : 
key stroke by an operator, pre-set in
formation in the punch itself, a card 
actuating a punch, a counter actuating 
a punch.

Keystroke punching is an efficient

machine-assisted operation very similar 
to calculating machine and typewriter 
operation. It might be mentioned here 
that the sequence of fields in card 
design is almost entirely governed by 
the sequence in which the data to be 
punched can best be seen by the opera
tor. The sequence of fields on cards 
need have no relation to the design of 
reports to be prepared from the cards. 
The accounting machines to which the 
punched cards will go are flexible 
enough that it can be assumed that any 
information appearing anywhere on a 
card can be made to print anywhere on 
a report.

Verification of the accuracy of key 
punching has been mentioned as being 
important to the auditor, but here again 
lack of space prevents detailed treat
ment of this phase of the subject. One 
of the machine companies published a 
folder outlining twenty methods of 
verifying punched information and did 
not claim to cover all practical ex
pedients in use. In general, verification 
is tied up with the routine controls es
tablished and maintained, and their 
effectiveness can be investigated by the 
auditor.

Preset information in the punch itself 
is set in the punch in the first place by 
key stroke or by manual movement of 
metal slides. Once set, the data can be 
identically repeated in any number of 
cards. In some types of punches, this 
feature is incorporated in a key punch so 
that information common to a batch of 
cards need be key stroked but once by 
an operator. In such cases, the common 
data is punched in all cards without any 
time involved in the operation except 
for the first card in each batch. Where 
the pre-set information is punched in a 
special machine, most of these models 
handle one hundred cards a minute, 
punching at this speed any part or all of 
each card.

A card actuating a punch is a simple 
idea with far-reaching influence. It is 
one of the outstanding distinctive fea-
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tures of punched-card procedure. The 
early models of this type of punch 
duplicated the holes from one card to 
another at the rate of 600 holes a min
ute, ten a second. This was not exactly 
slow but the modern machines repro
ducing entire cards with both alphabetic 
and numeric data can punch 12,500 
useful holes a minute. (They can ac
tually punch 96,000 holes a minute but 
the cards wouldn’t mean anything.) 
The use of pre-punched cards of many 
kinds is naturally increasing in many 
ways and for many reasons, some of 
which will be mentioned in the specific 
sections that follow.

A counter actuating a punch is another 
significant automatic feature, which 
must be understood by informed au
ditors. It is the mechanical link that 
makes possible a coordinated chain of 
mechanized records. A simple and wide
spread use of this is for punching sum
mary cards. When detail cards are run 
in an accounting machine and tabulated 
totals are thus available, a punch con
nected with the accounting machine 
makes it possible for the counters to 
actuate the punch and punch one card 
for each group total. Here is where the 
significance of indicated information 
takes on added meaning. The indicating 
information picked up from the first 
card in each group and held in the 
counter until the last card has been fed 
can thus be transferred to the summary 
card.

The necessity of having indicated in
formation in the first card only of a 
group provides for another useful opera
tion, because data can thus be injected 
into the summary cards which did not 
appear in the detail cards. Suppose sales 
cards were being tabulated by com
modity and cost of sales was desired. 
For good reasons, it had been decided 
that no useful purpose would have been 
served by getting the costs into the 
detail cards, but the cost of each com
modity was known and was prepunched 
in a set of master cards by commodities.

These master cards, placed in front of 
the detail cards before sorting, would 
be the first in each commodity group 
after the machine sorting of the cards 
was finished. The cost prices could thus 
be indicated, printed on the report, and 
punched in the summary cards, for ex
tension by the tabulated quantities.

But, even though new information 
can be picked up in summary cards, it 
should be remembered that the refer
ence information in the detail cards is 
frequently lost in the summarization. In 
modern practice, the card to actuate a 
general-ledger entry may be a summary 
card. In fact, it is apt to be the last of a 
series of summary cards and the lack of 
visible back-track on written records 
may be a serious hindrance in auditing. 
This can be entirely overcome wherever 
it is practicable to do so and, with fore
sight, it is usually practicable. When 
summary cards are to be punched, the 
detail cards can be listed instead of 
tabulated, and reference data printed 
on the list or register. (This will be il
lustrated later.) The details making up 
each group total will thus be available 
for reference in auditing, and the punch
ing of the summary cards is accom
plished at the end of each group exactly 
as though a tabulation had been made.

The actuation of punching from 
counters is not confined to the account
ing machines; the multiplier also uses 
this principle. In the multiplier each 
card first feeds past reading brushes 
which pick up the punched factors 
which the internal mechanism computes 
in counters, the card in the meantime 
passing to the punching mechanism 
where it receives the result from the 
counter-actuated punch.

Punches made in many models
That the four bases of punching 

which have been mentioned have re
sulted in a large number of machine 
models is due to the fact that practically 
every combination of all of the methods 
has been incorporated in single ma-
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chines. For example, some summary 
punches can be used as duplicating-key 
punches when they are not being used 
for summary punching. Other summary 
punches can be used as gang punches, 
either independently of the accounting 
machine or simultaneously with the 
summary punching to include identify
ing data in the summary cards. Natu
rally, this does not complete the list nor 
need it be completed. It illustrates again 
that each thing that can be done with

punched cards is simple. It is the 
simultaneous machine-performance of 
many functions that may be confusing.

One card may be punched in many ways
In addition to one machine handling 

several kinds of punching, however, 
there is the even more significant point, 
from an operating and auditing point of 
view, that one card may be punched in 
several ways. The example that follows 
is not exceptional.

This particular card was selected be
cause it illustrates several points simply. 
An analysis of this card may be in
teresting as an example of how much 
may be disclosed by a card form alone.

Its title indicates the principal uses 
to which it will be put—billing and 
sales analysis.

The prepunched information is sig
nificant. The alphabetic description of 
the commodity, and numerical codes for 
unit and product indicate that the pre
punched cards are filed by commodities. 
The absence of any interpretation or 
writing on the face of the card indicates 
that commodity cards are filed behind 
tab cards with visible descriptions on 
protruding tabs to facilitate pulling. 
The presence of a prepunched unit price 
proves that prices are stable and prob
ably vary, at the most, by main classes 
of customers. This latter situation could 
be handled by having the class of

customer to whom different price lists 
applied indicated by different colored 
cards or by colored stripes on the cards. 
Another possibility regarding price va
riations is the presence of the discount 
which will be discussed later. But at this 
point, bear in mind that the presence of 
prepunched cards indicates the presence 
of a set of master cards from which the 
detail cards for pulling and current use 
are automatically punched. In auditing 
it will be helpful to investigate the 
routines established for changing the 
master cards, because this will de
termine largely how much reliance can 
then be placed on the mechanical uni
formity and accuracy of the detail 
cards.

Look next at the data regarding cus
tomer coding which is shown to be 
duplicated from master cards for cus
tomers. Some glimpses of the client’s 
organization are possible from the na-
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ture of the prepunched (and therefore 
somewhat permanent) information. The 
customers are numbered by cities in 
states. Obviously this is a rather sim
ple, straightforward set-up because no 
provision is made, for instance, for 
identifying subsidiary companies or 
branches of national organizations. 
Furthermore, the specific customers are 
regularly served, not only by certain 
branch offices of the client but by as
signed salesmen within the branch, in
dicating more or less stability of terri
torial assignments, because the master 
cards would have to be changed for 
each change in a salesman’s territory. 
Indication of the class of customer 
(columns 67 and 68) may be merely for 
sales analysis, but as was mentioned in 
the previous paragraph, this classifica
tion might also determine what dis
count schedule to apply. The duplica
tion of varying dates from permanent 
master cards is a mechanical trick which 
is easily understood when seen.

For the manual operation of punch
ing, which in this case involves key 
punching the “quantities” only (col
umns 77 through 80), three things are 
necessary: a master card for the cus
tomer, a commodity card for each item 
ordered, and the document which de
scribed the transaction in the first place. 
The possibility of punching the right 
quantity in the wrong commodity card 
would probably be covered in a case like 
this by checking the bill (when subse
quently prepared from the punched 
cards) against the original document. 
The punching of correct quantities in 
total can be established by checking 
against predetermined totals.

The cards are now ready for auto
matic calculation and punching of gross 
billing, discount, and net billing—all of 
which are performed on the multiplier. 
The gross billing is the simple multipli
cation of the prepunched price by the 
quantity, the only possible complication 
being the necessity for taking care of 
situations where the quantity punched

might represent units that differed from 
the units in the price. The computation 
of discounts might conceivably be influ
enced in this case by classes of com
modities or classes of customers, or 
both. Intelligent coding would enable 
the whole group of cards to be me
chanically sorted into sections where 
uniform discounts applied preliminary 
to automatic calculation and punching 
in the multiplier. (In cases where this 
might be cumbersome, this particular 
card form and procedure would not be 
used. You might even find provision for 
key punching discount rates if these 
varied so much that notation of them 
on the original documents was desir
able.) The net billing can be accom
plished in two ways: by multiplication, 
in which case the crossfooting of these 
computed totals (gross, discount, and 
net) would be some safeguard as to ac
curacy, or by automatic crossfooting 
in the multiplier itself (which the mul
tiplier will do even though its name 
doesn’t indicate it). It is interesting to 
note that the multiplier contains auto
matic circuits for checking and the 
auditor can investigate whether or not 
these are regularly used in routine 
operations. A visible dial shows the 
cumulated totals of computed exten
sions punched. At the end of a run, the 
particular total can be noted. Usually 
it is because this may be the first time 
it has ever appeared anywhere. A switch 
on the machine will transpose the mul
tiplier and multiplicand, and a re-run of 
the cards (with or without punching) 
will re-compute the extensions and 
provide a visible total for check as to 
agreement.

The auditor will probably notice that 
meager reference data is punched in this 
particular card. In the first place, the 
card is full. Reference data, if necessary, 
could have been provided at the expense 
of alphabetical description of products. 
The identification of the items with the 
customer by dates, however, may be 
entirely adequate where customers do
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not often have several transactions on 
the same day. The mechanical duplica
tion of the dates indicates that the dates 
punched in the cards are the dates on 
which the transactions went into con
trolling account figures (which facili
tates back-track), rather than the dates 
on which the transactions occurred at 
branches (these, if needed, might have 
to be key-punched in order to avoid 
preliminary sorting of documents). And, 
lastly, in this connection, the cards are 
to be used to prepare bills on which 
document numbers will undoubtedly 
appear. Whether these numbers are 
preprinted on the forms or are auto
matically printed by the accounting 
machine, they are not known at the 
time the cards are punched, and there is 
usually no point in trying to get them 
back in the cards.

Test cards for test checking

Much of the foregoing may seem a 
slow approach to specific discussion of 
auditing records prepared from punched 
cards. All of it is essential, however, to

the auditor who hopes to make con
structive use of the presence of punched 
cards in a particular investigation. 
Little has been said regarding the actual 
operation of any machine—I have tried 
to indicate what card-operated ma
chines will do, not how they do it—be
cause a knowledge of the functions will 
enable an auditor to test-check operat
ing results. The use of test cards, which 
will be found in every well organized 
tabulating department, can be a prac
tical aid in an audit.

In its simplest form, the purpose of a 
test card is to check that the connec
tions between the cards and the count
ers and the print-head of the accounting 
machine are correct for a particular 
report. This is accomplished by punch
ing a significant hole in every column 
of the card to be used. An example fol
lows where it will be noted that only 
the digits 1 to 9 are used—no zeros are 
punched because the absence of a figure 
on the test sheet might then be insuffi
cient to prove whether or not anything 
had been punched in a particular 
column.

Note first that this form provides for 
punching from orders through column 
47. Mechanical interpretation on the 
top edge of the card facilitates finding 
proper cards when supplementary in
formation is to be punched after ship

ments have been billed. Let us check 
first the connections between the test 
card and a form for listing information 
regarding orders. The following repre
sents the card-actuated figures on a 
report form.
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The relation between the punched 
data and the report figures becomes ap
parent by visual comparison.

Note too that this type of report illus
trates the possibility of easy listing of 
punched information, where reference 
data can be completely recorded on 
typed sheets or registers in any sys
tematic sequence, often in the same 
sequence in which basic documents will 
be finally filed, facilitating audit. You 
have probably also noticed that the 
words “list” and “tabulate” have a 
technical significance for machine men.

“List” means printing a separate line 
for each card. “Tabulate” implies that 
group totals only are recorded.

But now let us jump directly to a 
report normally tabulated (not listed) 
where a different test card must be 
significantly punched to represent each 
different type of transaction that might 
affect the report. We are now testing, 
principally, counter actuation and the 
actuating holes could be punched in 
the entry columns (28 and 29) for digit 
selection or in significant “x” holes (see 
section on actuating).

TRANSACTIONS FOR WHICH SEPARATE 
IDENTIFIED TEST CARDS ARE NEEDED

SALES

COMMODITY YEAR TO 
DATE

CURRENT 
MONTH

UNFILLED 
ORDERS

STOCK 
ON HAND

DUE FROM 
FACTORY

PRODUCTION ORDERS ENTERED 
DELIVERIES TO FINISHED GOODS 
INVENTORY
(THERE ARE SEVERAL WAYS OF TAKING 

CARE OF DIFFERENCES BETWEEN PRO
DUCTION ORDERED AND ACTUAL PRO
DUCTION WHICH ARE NOT SHOWN HERE)

CUSTOMERS ORDERS
SALES (PREVIOUS MONTHS FROM SUMMARY 

cards)

3 4 5 6 7

3 4 5 67

3 4 567

34567 3456

8912

8912

8912

891 2 -

SALES, CURRENT 34567 3 4 56 3456 3 4 56-

(NOTE THAT UPON SHIPMENT SIGNIF
ICANT PUNCHING MAKES THE ORIGINAL 
quantity ordered ignored in THE 
UNFILLED ORDER COLUMN).

Either the quantity ordered or the 
quantity shipped was connected with 
every counter for every card. These test 
cards checked to make absolutely cer
tain that each counter was properly 
actuated to give effect to particular

transactions—adding, subtracting, or ig
noring them, as the case may be.

Adjustments, returns, and partial 
shipments would have to be provided 
for in practice—the above are, perhaps, 
enough to illustrate the procedure.

Note.—Part II of this article will appear in the October issue.
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