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UNITED STATES PATENT OFFICE 
2,272,411 

EDUCATIONAL DEVICE 
Reynold B. Johnson, Binghamton, N. Y., assign 
or to International Business Machines Corpo 
ration, New York, N. Y., a corporation of New 
York 

Original application June 21, 1938, Serial No. 
214,922. Divided and this application Novem 
ber 7, 1940, Serial No. 364,654 

(C. 235-616) 6 Claims. 

This is a division of application Serial No. 
214,922, fled June 21, 1938, which relates to a 
machine for electrically grading response sheets 
upon which an examinee has designated re 
sponses by means of pencil marks. The machine 
constitutes improvements Over the machine 
shown in my Patent No. 2,113,620, granted April 
12, 1938. 

. The main object of the invention is to extend 
the usefulness of a machine operating accord 
ing to the principles of my former arrangement, 
especially in the handling of objective tests of 
the multiple-choice or true-false type, the re 
sponses to which may be recorded by making 
a record in One of several positions on a response 
sheet. The machine is designed to handle re 
sponse sheets having a maximum capacity On 
each side of 150 five-choice, 300 two-choice or 
750 single-choice questions. In other words, the 
response sheet has 750 possible marking posi 
tions to be identified or numbered to correspond 
to questions given orally or contained in a sepa 
rate question sheet or booklet or may be printed 
on the answer sheet. Once the examinee decides 
which choice is the correct answer for a particu 
lar question, he merely makes a heavy short line 
on the response sheet in the number space cor 
responding to the number of his chosen answer, 
The functioning of the machine depends on 

the fact that a soft lead pencil or special ink 
mark is electrically conductive and that the 
amount of current flowing through each pencil 
or ink mark may be controlled and kept to a uni 
form unit, whether the mark is very heavy or 
relatively light. 
When the response sheet is inserted in the ma 

chine it is pressed against a contact plate con 
taining 750 sets of sensing blades corresponding 
to the 750 response positions on the response 
sheet. These sets of sensing blades consist each 
of five small parallel metal blades which are 
connected alternately to the positive and nega 
tive sides of the circuit. Whenever a pencil mark 
is pressed against One of the sets of sensing 
blades, it closes the electric gap between the posi 
tive and negative blades and a unit of current 
flows through the circuit. If pencil marks are 
pressed against ten of the sets of contact blades, 
ten units of current flow through the circuit. If 
a pencil mark is sufficiently long, it will bridge 
the electric gap four times; if the pencil mark is 
very short, it will bridge the gap only once, but 
in either case the unit of current flowing through 
the circuit from the pencil-mark-bridge remains 
practically constant. This result is achieved by 
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connecting in series with each contact unit a 
high resistance current limiting resistor which 
permits only a unit amount of current to flow 
into a meter circuit from each pencil mark. 
The machine distinguishes between right and 

Wrong answers by means of a perforated key 
sheet which automatically divides the sensing 
blade units into two groups, the "rights' and the 
"Wrongs.' From this division, two meter circuits 
result, one carrying the aggregate of the units 
of current from the correct responses and the 
other carrying the aggregate of the units of cur 
rent from the incorrect responses. 
The machine may be variously set, by means of 

various Switching devices, to score in terms of 
the number right by routing the current from 
the rights circuit through a large milliameter. 
This meter is ordinarily calibrated directly in 
terms of the unit of current flowing through the 
meter from each Small circuit and hence the 
reading on the meter is equal to the number of 
right responses on the answer sheet being 
pressed against the sensing blades. The score 
indicated on the meter is recorded by the oper 
ator on the exposed margin of the response sheet 
Or on a separate record sheet or the operator 
may call the score to a recording clerk. 

If the score is in terms of the number wrong, 
the current from the wrongs circuit is routed 
through the meter which indicates to the oper 
ator the number wrong. 

If the score is in terms of "rights' minus 
"Wrongs,' the "wrongs' circuit is connected to 
the opposite side of the meter from the “rights' 
circuit, so that the meter reading is the differ 
ence between the two currents, thus registering 
the "rights' minus the “wrongs.' 
The machine may be adjusted to obtain the 

score in terms of the rights minus one-half the 
Wrongs, in which case one-half the current from 
the wrongs ordinarily flowing through the motor 
is shunted past the meter and thus the score reg 
istered is the rights minus one-half the wrongs. 
Similarly, the score can be obtained in terms of 
the rights minus any fraction of the wrongs. 
The machine may be adjusted so that each re 

Sponse may carry a value of more than 1. In 
doing this the applied voltage is increased, so 
that the current flowing through any response 
circuit may be greater than flows ordinarily. 

if a test of 77 items, for example, is scored in 
terms of percentage, the voltage is stepped up 
So that a score of 77 is indicated on the meter as 
a score of 100. This is equivalent to multiplying 
each Score by 1.298. With such setting, the re. 



2 
sponse sheets are scored directly in terms of the 
percentage of rights, the percentage of Wrongs 
or the percentage of rights minus the percentage 
of or some fraction of the Wrongs. If the has 
chine is adjusted so that the score is in terms of 
rights minus twice the Wrongs, the voltage is 
doubled for all responses, but one-half of the 
current from the right responses ordinarily flow 
ing through the meter is shunted past the meter. 
Hence, the current resulting from each right re 
sponse moves the meter needle up one point and 
the current resulting from each wrong response 
moves the meter down two points. 
The machine has three sets of controls which 

makes it possible to score with one insertion of 
the response sheet three different tests or three 
different parts of one test, and each test can be 
scored by any formula in terms of rights and 
wrongs. The machine is further provided with 
a "negative score' key which reverses the meter 
connections so that current which ordinarily 
causes the meter to deflect below 0 will cause it 
to defect above 0. This key is utilized in Such 
cases where the machine is set to score a number 
of rights minus Wrongs and the number of 
WrongS is greater. 
The principal object of the present invention 

is to provide an arrangement in the form of a 
removable unit called an 'item-weighting unit' 
which contains selectively settable switches 
through which each individual response position 
may be given a different Weight. This unit di 
rects the current flowing from the individual 
Sensing pins in variable proportions so that the 
current passing through the meter from any : 
given mark will be any desired one of ten pos 
sible fractions of a value. 
Other objects of the invention will be pointed 

out in the following description and claims and 
illustrated in the accompanying drawings, which 
disclose, by way of example, the principle of the 
invention and the best mode, which has been 
contemplated, of applying that principle. 
In the drawings: 
Fig. 1 is a front view of the machine with the 

casing partially broken away to show the interior 
construction. 

Fig. 2 is a plan view of the machine with the 
Score indicator and part of the casing removed. 

Fig. 2a is a detail of the operating key con 
nections. 

Fig. 3 is an enlarged section taken substan 
tially along lines 3-3 of Fig. 2. 

Fig. 4 is a view similar to Fig. 3 with the parts 
in moved or response sheet sensing position. 

Fig. 5 is a specimen of a response sheet marked 
in accordance with an examinee's selections. 

Fig. 6 is a specimen of a record marked to 
represent a plurality of different measures whose 
average is to be obtained by the machine. 

Fig. 7 is a specimen of the main key sheet 
perforated in positions representing the correct 
aSWeS. 

Fig. 8 is a similar specimen of the secondary 
key sheet. 

Fig. 9 is an isometric view showing the key 
sheet holder inserted in the machine. 

Fig. 10 is a view at an enlarged Scale showing 
the key sheet holder and the manner in which 
the key sheets control the positioning of various 
pins. The section is taken substantially along 
the lines 9-9 of Fig. 9. 

Fig. 10a is a similar view taken at another 
section of the holder. In Fig. 10a the section is 
taken Substantially along Da-ba of Fig. 9. 
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Fig. 11 is a detail view of the response sheet 
Sensing unit. 

Fig. 12 is a plan view of the unit broken away 
to show the interior construction. 

Fig. 13 is a detail of the resistor panel. 
Fig. 14 is an enlarged detail of Fig. 13 taken 

substantially along the lipes 4- 3 of Fig. 13. 
Fig. 15 is an enlarged detail of one of the 

Seasing devices shown in Fig. 12. 
Fig. 15a is a detail showing a modified arrange 

ment enabling the sensing blades to read marks 
made in the form of perforations. 

Fig. 16 is a detail view showing the key sheet 
pin unit and the manner in which it is Supported 
in the machine. 

Fig. 17 is a sectional view taken substantially 
along lines -f of Fig. 3. 

Fig. 18 is an isometric view showing the unit 
weighting mechanism inserted in the reciprocable 
carriage. 

Fig. 19 is a plan section of the unit taken 
substantially along lines 9-9 of Fig. 18. 

Fig. 20 is a vertical section through the same 
mechanism. 

Fig. 2i is a fragment of a record having col 
umns of perforations representing certain data. 

Figs. 21a and 21b are fragments of records 
whose data is represented by vertical pencil or 
ink lines, which data is to be compared with the 
data on the record of Fig. 21. .." 

Fig. 22 is a view showing the control circuit 
for the driving motor. 

Figs. 23, 23a and 23b, placed side by side in the 
order named, constitute a wiring diagram of the 
electric circuits of the machine. 

Response sheet 
The response sheet R upon which the examinee 

records his selections is shown in Fig. 5. The 
sheet is provided with twenty-five vertical col 
umns arranged in groups of five and each group 
of five is separated vertically into two fifteen 
line fields, one or more of which may be grouped 
together to constitute a single test. Each re 
sponse designating position R is delineated by 
a pair of vertical parallel lines between which the 
examinee is to draw a heavy black line R2 with 
a pencil or pen co-extensive with the parallel 
lines. Thus, for example, if the first question 
on an examination required the selection of one 
of five possible answers, and if the examinee 
selected the first given answer as his choice, a 
pencil mark would be made in the 1 position 
opposite question 1. . In the example shown in 
Fig. 5, the first thirty-eight response positions 
constitute one test designated Test A. The re 
sponse positions 39 to 75 constitute a second test 
designated Test B, and the response positions 76 
to 100 constitute a third, designated Test C. 

In Operating the machine, all the responses 
may be scored as a single test or each of the 
three tests may be scored separately or any two 
of them may be taken together to obtain their 
combined score. The arrangement shown in Fig. 
5 provides for thirty responses in each of the 
five columns or 150 positions in all and as many 
or as few of these positions may be utilized in 
accordance with the requirements of the test or 
tests given. 

Main key sheet 
The main key sheet K is shown in Fig. 7 and 

is provided with columns and rows of indicating 
positions K corresponding to the indicating po 
sitions R on the response sheet. Preparation 
of this sheet is effected by perforating the posi 
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tions representing the correct answers to the 
questions given as at K2. In addition to the re 
sponse positions corresponding to those on the 
response sheet, this key sheet has a row of per 
foration-receiving positions K3 across the top 
and a similar row of positions also designated 
K3 across the bottom. These positions are 
called "field selecting' positions and they con 
trol the machine to score the responses in any 
desired grouping. The positions are divided into 
groups of six, there being one group for each 
fifteen consecutive response positions. Each 
group of six positions K3 is divided into two sets, 
one designated "right' and the other designated 
"wrong." Each of the positions in the sets of 
three are designated A, B, and C. The designa 
tions A, B, and C represent the three parts into 
which any test may be divided for separate' scor 
ing. If the response sheet is to be scored as a 
single test, all of the responses are assigned to 
test A and each one of the designating positions 
K3 marked 'A' is perforated as at K4. 
For the type of test shown in Fig. 5, where the 

first thirty-eight questions are assigned to test 
A, the next thirty-seven questions to test B, and 
the remainder to test C, the main key sheet K 
is perforated in the positions K3, as shown in 
Fig. 7; that is, both of the positions K3 marked 
'A' at the head of the first Set of five columns 
and at the bottom of the same set of five columns 
and also at the top of the second set of five col 
umns are perforated. The positions K3 of the 
B test are perforated at the bottom of the second 
set of five columns and at the top and bottom of 
the third set of five columns, while the C posi 
tions K3 are perforated at the top and bottom of 
the fourth and fifth sets of five columns of re 
sponse positions. The manner in which the per 
forations thus made in these field selecting posi 
tions control the operations of the machine will 
be fully explained hereinafter. 

Secondary key sheet 
For ordinary scoring operations, only the main 

key sheet is necessary. The secondary key sheet 
SK (Fig. 8) is employed where it is desired to 
have certain parts of the test or tests rendered 
ineffective and any responses to certain ques 
tions excluded from the scoring. This may be 
desirable, for example, where, after examina 
tion questions have been prepared, it may be de 
termined that a particular question is consid 
ered unfair and it is desired to disregard any re 
sponses made to such question. In preparing 
the secondary key sheet SK, perforations SK2 are 
made therein exactly duplicating the perfora 
tions K2 in the main key sheet. In addition 
thereto, all the response positions SK relating 
to any question to be excluded are punched out, 
as, for example, for question 96 a perforation 
SK2 is made in each of the five response posi 
tions. In addition, such sections of the Second 
ary key sheet, corresponding to areas in the re 
sponse sheet R of Fig. 5 in which the examinee 
is to make any marks other than the vertical 
pencil lines, are completely punched out by mak 
ing perforations SK2 in all positions, as in the 
lower right hand corner of Fig. 8. Across the 
top and bottom of sheet SK are made perfora 
tions SK4 in all positions as shown. These posi 
tions SK4 correspond to the K3 positions of the 
sheet K. As will be explained hereinafter, the 
mechanism which senses the response sheet R, 
tests the entire area of the sheet and any marks 
made in response designating positions other than 
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those utilized for a particular test would be taken 
into account by the sensing mechanism of the 
machine. In Order to avoid this and permit 
Written matter to be made in sections not to be 
Scored, the Secondary test sheet SK is punched 
out as shown in Fig. 8 where the entire lower 
right hand corner is perforated. 
The sheets R, K and SK as shown are adapted 

for use with a multiple-choice type of test where 
each question may have as many as five answers 
to be selected from. The same sheets may obvi 
ously be employed in a true-false type of test in 
which case the examinee would be instructed to 
make a mark in vertical column adjacent to a 
question number if he deemed the statement 
made true and to make a mark in column 2 if 
he deemed the statement false. Obviously other 
arrangements of printed matter are possible, for 
example, where only true-false questions are in 
volved, there might be only two vertical columns 
of marking positions R for each column of 
questions. 

Aggregate Deighting record sheet 
Another type of record which the machine is 

adapted to handle is shown in Fig. 6 and desig 
nated W which is divided into three horizontal 
fields designated WA, WB, and WC and ten pairs 
of columns of marking positions W. Any pair 
of columns in one of the horizontal fields may 
be marked to represent a percentage or numer 
ical value, termed a measure. For example, in 
the uppermost horizontal field, WA, the first pair 

40 

of columns to the right is marked to represent 
66 by drawing a pencil line W2 co-extensive 
with the first six marking positions W in the 
right hand column of the pair representing the 
tens digit of the number and a second line W2 
co-extensive with the first six marking po 
sitions of the left hand column represent 
ing the units digit. In this manner, each 
of the pairs of columns of marking positions may 
have pencil lines drawn therethrough to represent 
the several percentages a student has received 
for his various efforts during a given period. 
When this sheet is placed in the machine and 
various adjustments have been made, as will be 
more fully explained hereinafter, a weighted aver 
age will be automatically obtained of all of the 
measures represented on the sheet W. While it 
is preferable to draw a single continuous line 
through a series of columnar positions W to 
represent a digit, this procedure is not required .. 
and, instead, separate short lines lay be made 

60 
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as shown in the upper left hand her of sheet 
W where the three measures 89, S1 and 88 are 
recorded. The continuous line is more conven 
iently drawn and as will be more apparent from 
the later description the area between marking 
positions W is not sensed by the sensing devices 
of the machine. 

Key sheet holder 
After the key sheets K and SK of Figs. 7 and 

8 have been prepared by suitably perforating 
then they are placed in a holder, generally des 
ignated 22 in Fig. 9, which is removable from 
the machine for the purpose of receiving the 
key sheets. . This holder comprises three hinged 
Sections 23, 24, and 25 with a common pivot 
rod 26. The construction is shown also in Fig. 10 
where the section 23 is shown as having secured 
thereto a plate 27 of insulating material and the 
section 2 has integral therewith plates 28 and 
29 also of insulating material. The section 25 



4. 
is a cover plate with cut-out sections as show 
in Fig. 9. With the holder renoved frona the 
machine, the three sections are opened and the 
main key sheet is inserted between the plates 
2 and 28 and the secondary key sheet inserted 
between plate 29 and the cover plate 25, with 
clips 30 serving as positioning stops for the sheets. 
When two key sheets are employed, they are 

inserted in the holder, as indicated in Fig. 10. 
Where only one key sheet, that is, the main key 
sheet K of Fig. 7, is employed, it is placed be 
tween the plate 29 and cover plate 25 and noth 
ing is placed between the plates 27 and 28. With 
the key sheets placed in the holder, the holder 
is slid Vertically into a channel formed by a plate 
3 (see also Fig. 1) and a pair of metallic strips 
32. The plate 3 has a pair of blocks 33 (Fig. 9) 
upon which the key sheet holder rests. The 
plate 3 is itself insertible in a U-shaped carriage 
comprising a pair of side plates 34 connected 
together by a cross-plate 35. This carriage is 
reciprocable upon rollers 35 which are pivotally 
mounted in the side frames 37 of the machine. 
The key sheet holder 22 is inserted into the 

reciprocable carriage when the latter is in the 
position shown in Fig. 9. After the holder has 
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been dropped into position, a handle 38 is ro 
tated through substantially 180 degrees from the 
position shown in Fig. 9. The handle is se 
cured to a cross rod 39 which carries a pair of 
cams 40 each lying within an opening 4 in a 
side plate 34 of the reciprocable carriage. Rota 
tion of the shaft 39, through cams 40, will move 
the carriage and with it the key sheet holder 
toward the left as viewed in Fig. 1. This for 
Ward movement will cause the key sheets to effect 
the Setting of the so-called key set unit which 
will be described hereinafter and throughout the 
Subsequent operation of the machine the carriage 
and holder Will remain in this advanced posi 
tion. As Seen in Fig. 9, when the key sheet holder 
and carriage move forwardly, the holder anters 
under an angle 42 secured to the side frame 
3 which serves to prevent the removal of the 
holder from the carriage when the latter is in 
any but its rearward position. 
The plates 28 and 29 of the key sheet holder 

are provided with perforations 43 corresponding 
to each possible perforating position on the key 
sheets. The plate 27 has perforations 48 in all 
the response or answer designating positions of 
the key sheets, but has no perforations in line 
with the field Selecting perforating positions. 

In actual use, the key sheet holder provides 
a convenient template for perforating the key 
sheets; that is, with the holder opened, one of 
the answer sheets may be placed upon the panel 
28 and the correct answer positions punched out 
by means of a pencil or other pointed instrument. 
If the paper used for recording the examinee's 
responses is sufficiently tough to resist the pres 
Sure of feeler pins against the same, one of the 
answer sheets itself may be used as a key sheet, 
although it is preferable to use a sheet of card 
stock for this purpose. 

Response Sheet sensing unit 
This unit is shown in Figs. i., 3, 4, 11, and 12 

and comprises a box-like frame 5 which is slid 
able vertically into grooves 5; in the side frames 
37 of the machine. The frame 50 has a front 
wall 52 made up of a plurality of vertical strips 
of insulating material and a back wall 53 pro 
vided with a series of circular holes. For each 
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sponse sheet there is a sensing unit, one of which 
is shown at an eaiarged Scale in Fig. 15. Each 
unit comprises a pair of blades 54 extending 
from the front wall 52 into a cap 55 and about 
which there is a spring 56. The cap 55 is free to 
move axially in the wall 53. Between the two 
blades 54 and also on the outside of each is a 
blade 57, which set of three blades is insulated 
from the set of two blades 56. The blades 57 
are electrically connected to one another and 
Connected to one side of the circuit while the 
blades 54 are also electrically connected through 
the spring 56 and connected to the other side of 
the circuit. When a response sheet upon which 
a pencil mark is made is tightly pressed against 
the ends of the blades, the graphite will make an 
electrical connection between one or more of 
the blades 57 and one or both of the blades 54, 
depending on the length of the pencil mark. If 
the mark is the full length of the marking posi 
tion, all the blades will be electrically connected; 
while a shorter mark will also effect a connec 
tion as long as it is at least long enough to bridge 
two of the blades. 

All of the blades 5 are electrically connected 
to one another. This is done by constructing 
each vertical row of blades in the form of a ver 
tical strip 58 (see Figs. 3 and 4) with extending 
pins 5 and then Soldiering the lower extremities 
of each of the strips 58 to a common wire 59. 
The frame 50, after it is inserted into the grooves 
5i, is lowered until it rests upon pins 60 carried 
by the side frames 3 and when in this position 
Screws 6 are inserted to lock the sensing blade 
frame in position. 
Attached to the forward end of the frame at 

either side are channels 62 (Figs. 11 and 12) 
Which guide the response sheet R into position 
adjacent the ends of the sensing blades. Each 
channel is pivoted at 63 and is urged outwardly 
at its lower extremity by a spring 66. A set screw 
65 in the side frame 37 serves to adjustably vary 
the position of the lower end of the channel to 
effect registration of the marking positions on 
the response sheet with the sensing blades 54, 
57. 

Resistor init 
The machine is provided with a resistor unit 

shown in a figs. 13 and 14 which comprises a 
frame 66 having front and back walls 67 and 68 
between which are mounted resistor units 69, 
One for each possible marking position on the 
response Sheet. As seen in Fig. 3, the resistor 
unit is lowered vertically into the machine be 
tween the side frames 37 and rests upon pins TO 
So that the rods extending from the resistors 
69 abut against the caps 55 of the sensing blade 
unit. The resistor unit is urged toward the 
Sensing unit so that the rods engage and 
imove the caps 55 to effect adequate electrical 
Connection therewith. 

Key set selector unit 
This unit is shown in Fig. 16 and in section in 

Figs. 10 and 10a. It comprises a pair of side 
walls 2 and top and bottom cross members 73 
which support a front wall 74 made up of indi 
vidual strips of insulating material and a rear 
Wall 5 also of insulating material. Supported 
between the walls 73 and 75 are a plurality of 
pins 76, one for each possible marking position 
of the response sheet. The left hand end of 
each pin (Fig. 10) is Supported in a metallic cap 

of the 750 possible marking positions of the re- is 77 against which a spring 78 encircling the pin 
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abuts. Each pin has a section of enlarged diam 
eter intermediate its end, each section having 
metallic portions 79 and 80 at the extremities 
and an insulating portion 8 at the center. 
The unit has at its left and right hand ends, 

as viewed in Fig. 16, sets of six pins 82 (see also 
Fig. 10a). These are the field selecting pins and 
are aligned with the positions K3 in the key 
sheet K in which the field identifying perfora 
tions are made. These pins 82 are also sup 
ported in the front and rear walls 74 and 75 re 
Spectively and have springs 83 normally urging 
them toward the right as viewed in Fig. 10a. 
The portions of enlarged diameter of these pins 
have insulated sections 84 and 85 and metallic 
Sections 86 and 87. 

Assembly of the units 
The manner in which the several unit are as 

Sembled in the machine will now be explained. 
It has already been pointed out how the sensing 
unit is placed in the machine and fixed in posi 
tion by means of screws through the side frames 
37. After this the resistor unit 66 is lowered 
into place on pins 70 (see Fig. 1). Following 
this, the key set unit is lowered into position 
upon Supporting bars 88 (see also Fig. 16) which 
are carried by the side frames 37. Each of the 
side plates of the key set unit has a pair of blocks 
89 provided with tapered holes therein into 
which the screws 90 are advanced. Tightening 
of the screws causes the key set unit to be moved 
toward the left as viewed in Fig. 1, so that the 
caps 77 press firmly against the resistor rods T 
and they in turn bear tightly against the caps 
55 of the sensing pins, thus affording a good 
electrical contact between the related elements 
of the three units which maintain this relation 
ship throughout the entire operation of the ma 
Chine. 

Selective setting of key set pins 
The setting of the pins 76 and 82 is brought 

about by means of the key sheets in the holder 22. 
As explained before, the holder with the sheets 
inserted therein is placed in the reciprocable car 
riage 22 and moved toward the left by means of 
the handle 38 (Fig. i) so that the holder assumes 
a position relative to the key set unit as indicated 
in Fig. 10. In this figure the various positions 
which the pins 76 may assume are shown. 
Where both the main key sheet and the sec 

Ondary key sheet contain perforations in the same 
designating position, the pin 76 is not disturbed 
and passes through both openings. In positions 
where there are no perforations in the secondary 
key sheet, the pin 76 is engaged and moved bod 
ily toward the left and where there is a perfora 
tion in the Secondary key sheet and none in the 
corresponding position of the main sheet, the pin 
76 is moved toward the left part way. 
Lying alongside each set of pins 76 is a blade 

structure 92 (see Fig. 23a). On the opposite side 
of the pins is a Second blade structure 93. The 
several sets of blade structures 92 and 93 are 
supported on vertical strips of insulating material 
designated 94 (see Fig. 16), the various struc 
tures being thereby insulated from one another 
and from the framework of the unit. When a pin 
76 is completely advanced as indicated by the up 
permost pin in Fig. 10, its metallic section 79 
makes electrical contact with the blade structure 
93. This is the position the pin takes when the 
key sheets are perforated to represent a correct 
answer, that is, in each position in the key sheets 
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where a right answer perforation is made, the 
pin 76 in alignment therewith will be in electrica 
connection with the blade structure 93. In posi 
tions in which the pin 76 is blocked by the first 
key sheet, its metallic section 80 makes contact 
with the blade structure 92, that is, the pins 76 
in positions corresponding to wrong answers are 
electrically connected to the blade structure 92. 
Where the pin 76 takes an intermediate posi 

tion, as is represented by the lowermost pin in 
Fig. 10, both blade structures contact the insul 
lating section 8 of the pin. This is the condi 
tion where two key sheets are employed and the 
Secondary Sheet is perforated to eliminate the 
recording of any marks in any particular posi 
tion. 

For ordinary scoring operations where it is not 
required that any sections of the response sheet 
should be eliminated, only the main key sheet is 
employed and, as explained hereinabove, this key 
sheet is then placed between the plate 29 and the 
cover 25. In such case each pin 76 will take the 
position in which it is electrically connected to 
the blade structure 93 or the position in which it 
is electrically connected to the blade structure 92 
and there will be no intermediate position. 

Referring now to Fig. 10a, the six field identify 
ing pins have lying adjacent thereto a blade 
structure 95 which engages with the three upper 
most pins and a blade structure 96 which engages 
only the three lowermost pins (see Fig. 23a). 
These pins, it will be recalled, sense the special 
perforating positions K3 of the key sheet K and 
are affected only by perforations in the nearer 
sheet; inasmuch as it has been explained, the 
backing plate 27 (Fig. 10a) does not have holes 
in line with these pins so that they take either 
a position where they advance through a perfora 
tion in the key sheet to make electrical contact 
between section 87 of the pin and blade structure 
95 or they are engaged by the unperforated por 
tion of the key sheet to present the insulating 
section 85 to the blade structure. The three low 
ermost pins take similar positions with respect 
to their blade structure 96. The manner in which 
the electrical connections thus established by the 
pins 76 and 82 under control of the key sheets 
control the scoring of the markings on the re 
sponse sheet R will be more clearly set out here 
inafter in connection with the description of the 
electrical circuits of the machine. 

Response sheet handling mechanism. 
The manner in which the marked response 

sheet is inserted in the machine and sensed will 
now be explained. 

Referring to Fig. 3, the response sheet R is in 
serted through a chute 97 through which it drops 
to rest upon a shutter 98. The sheet is inserted 
with the markings facing the sensing blades 5 
and 54. An operating key 99 is now depressed. 
This key is pivoted at OO and through a link of 
and an arm 02 causes a cross-rod 03 to rock 
counterclockwise, Secured to the rod is an arm 
04 upon which is pivoted a latch 05 between 

which and an extension of arm 04 there is a 
spring O6. Latch 05 hooks under an extension 
f07 of a member fo8 which is pivoted at 09. As 
a result of the depression of key 99, arm to is 
rocked counterclockwise and hook OS rocks 
member 08 clockwise causing its upper extremity 
to close a pair of contacts ff0. Closure of con 
tacts ?o will complete a circuit through the 
driving motor M. (see also Fig. 22 which shows the 
circuit connection through the motor M when the 
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main switch if f is closed). The member 08, 
upon being rocked, is engaged at its upper end by 
a spring pressed latch 2 which serves to hold 
the member in its rocked position and inciden 
tally maintains contacts to closed. At the ex 
tremity of the upward stroke of atch 35, its left 
hand edge engages a pin if 3 causing the latch to 
rock clockwise about its pivot and disengage the 
member i08. 
The shaft of motor M carries a worm 4 (see 

also Fig. 17) which drives the worm wheel i? 5 on 
a shaft 6 to which is also secured a gear 
meshing with a gear of 8 secured to a tube 9 
whose opposite extremity carries a clutch driving 
element 20. Supported within tube 9 is a shaft 

5 

5 
2 on whose extremity is mounted a disk 22. 
The disk 22 has pivoted thereto a pair of dogs 
23 and 24 connected together by an arcuate link 
25 (see Fig. 3). A spring 26 normally urges the 
dogs in a clockwise direction to effect clutching 
engagement with driving element 2. This en 
gagement is prevented when the dogs are in the 
position shown in Fig. 3, due to the engagement of 
dog 23 with the lower extremity of member 08. 
When the member is rocked under control of 
the key 99, dog 23 is released so that Spring 26 
may effect a clutching engagement, upon which, 
the disk 22 is driven through a half revolution to 
the position shown in Fig. 4, wherein the men 
ber 08 is returned to its normal position and 
where its lower extremity will engage dog 24 
and cause uncoupling of the clutch connection. 
Member 08 is released form its latched position 
prior to the arrival of dog f24 in the position 
shown in Fig. 4. This is effected through engage 
ment of the protruding end of dog 23 with an 
extension 29 of the latch 2. 
By virtue of the provision of pin f3 which 

rocks latch fols out of engagement with member 
08, the disk 22 can only make a half revolu 

tion, regardless of whether the key 99 is held de 
pressed or not. On the periphery of disk f22 are 
a pair of notches 30 in which a rebound latch 3 
engages to prevent rebound of the parts upon de 
clutching. Lying adjacent the latch f3 is a pair 
of contacts 32 which are connected in parallel 
with contacts O (see Fig. 22). These contacts 
take over control of the motor circuit from 
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the period shortly after disk 22 commences to 
rotate and maintain the circuit until rotation of 
the disk is interrupted. 

Extending from disk 22 is an eccentrically 
mounted pin 33 upon which is supported one end 
of a connecting rod 34 whose opposite end car 
ries a pin 35 (see also Fig. 17). The pin 35 
carries a pair of links 36 (see Fig. 2) whose op 
posite ends are pivoted to a pin 37 supported in 
a fixed frame 38. Pin 35 also supports a second 
pair of links f39 whose opposite ends are pivoted 
to a pin 40 carried by a slidable frame 4 f... The 
frame f4 is provided with pairs of rollers 42 
which are movable horizontally as viewed in Fig. 
1 between guide rails 43 secured to the side 
frames 37 of the machine. The pairs of links 36 
and 39 form a toggle which, when the eccentric 
pin 33 moves from the position of Fig. 3 to that, 
of Fig. 4, brings the three pins 35, 37 and 40 
into approximate alignment, causing the frame. 
4 to be forcibly moved toward the right as 

viewed in Figs. 3 and 4. 
Threaded in the frame 4 is a stud which 

through a ball 45 presses against a plate 46 to 
which is attached a platen 47. The plate 46 
carries four studs f48 extending through the 
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frame 4 to effect a resilient connection there 
With through the medium of springs i49. The 
structure permits the platen 4 to be pressed 
tightly against the response sheet with the pres 
sure evenly distributed over the entire area of 
the platen. 
The sheet receiving chute 97 is attached to the 

plate 46 and moves therewith. Also attached to . 
the plate 46 are bracket arms 50 between which 
there extends a bar 5 (see also Fig. 2) having a 
number of fingers 53 integral therewith. A 
spring 54 anchored at one end to the side frame 
3T and at the other end to a camming projec 
tion f 55 of the bar 5 f is normally urged in a 
counterclockwise direction as viewed in Figs. 3 
and 4 but restrained against such movement by 
a plate 56 attached to the side frame and lying 
in the plane of the camming surface'? 55. When 
the platen is moved toward the right (as shown 
in Fig. 3) to the position shown in Fig. 4, the bar 
5 moves away from the plate fS6 and Spring 
54 will cause the bar 5 and its fingers 53 to 

turn counterclockwise to engage the upper end of 
the response sheet and fold it over against the 
inclined surface of the chute 9. The upper Surr. 
face of the bent-oversection of the response sheet 
is to have the score or scores recorded thereon 
which can conveniently be done by the operator 
with the sheet held as shown, the inclined surface 
of the chute serving as a writing surface. Upon 
the return movement of the platen, cam surface 
55 will engage plate fS6 to again return the 

fingers to their upright position of Fig. 3. 
With the platen pressed firmly against the re 

sponse sheet and the latter in turn tightly pressed 
against the sensing blades, the markings on the 
sheet will control the electric circuits to be de 
scribed hereinafter to determine the score which 
the operator records on the upper section of the 
inserted sheet. Following this, the operating key 
99 is depressed a second time and again the men 
ber 08 is rocked to release the clutch dog 24 
for engagement with the driving element 20 and 
disk 22 will make a half revolution, contacts 10 
closing the initially complete the circuit through 
the motor M and contacts 32 picking up and 
maintaining the circuit until the half revolution 
has been completed. During this half revolution, 
the toggle is again broken and frame f4 retract 
ed to the position of Fig. 3, l 
The shutter 98 is slidably mounted on a cross 

plate 58 which is carried by studs 59 in brack 
ets 60. Each stud is provided with an adjusting 
knob (6 f by means of which the plate may be 
raised and lowered for proper adjustment of the 
response sheet in the machine. The shutter 98 
has pin and slot connection 62 (see Fig. 2a) 
with a lever 63 pivoted upon a bracket f 64 which 
is secured to the platen f46. Also pivoted on 
bracket 64 is a latch 65 normally urged by a 
spring fes in a clockwise direction. At the be 
ginning of operations, the latch 65 and lever 
f 63 occupy the relative positions shown in Fig. 3. 
When the platen 46 moves toward the right 
carrying therewith the bracket 64, lever 63 is 
caused to turn in a clockwise direction inasmuch 
as the pin and slot connection 62 remains sta 
tionary. Due to this rocking of lever 63, the 
latch 65 is permitted to rock into the position 
shown in Figs. 4 and 2a, so that, when the platen 
is now retracted, the lever. 63 held by latch SS 
will return, with the parts maintaining the rela 
tionship shown in Fig. 2d., whereby the shutter 
98 is moved toward the left as viewed in Figs. 4 
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and 2a, so that the response sheet may drop of 
its own weight into chute 67 through which 
it is directed to the hopper 68. 

In Figs. 2a, 4 and 17 the rod 03 has a depend 
ing arm 69, the free end of which has pin and 
slot connection 70 with a link whose Oppo 
site end is connected to a bell crank 72 which 
is pivoted to the frame of the machine and which 
carries a pin f73 underlying a finger of latch 65. 
When the key 99 is depressed the second time, 
the pin in the lower end of arm 69 moves toward 
the right within the slot in link without dis 
turbing the link. When the key is released, how 
ever, the link 7 is drawn toward the left, rock 
ing the bell crank f2 clockwise as viewed in Fig. 
2a to actuate latch f65 for the release of lever 
63 whereupon under the influence of spring 74 

shutter 98 will return to its intercepting position. 
In the operation of the machine, it is necessary 

for the operator to hold the key 99 depressed for 
a short period to enable the response sheet to 
drop completely into the chute 67 before releas 
ing the key. If it is released sooner, the shutter 
may strike against the sheet and prevent its fur 
ther exit. As a precaution, there is mounted on 
the shutter a pair of contact elements 75 which, 
when the shutter is closed, contact a pair of con 
tact elements f 6 secured to the under side of 
the Sensing unit. These contacts are wired to 
gether as shown in Fig. 22, so that, when the pair 
of contacts fils on the shutter engages the pair 
of contacts 76, a circuit is completed through 
a signal lamp TT, indicating to the operator that 
the shutter is properly closed and unobstructed. 
Failure of any sensed response sheet to com 
pletely feed out of the sensing position will block 
One or both of the contacts 75 against engage 
ment with its corresponding contact and the 
lamp f will not be illuminated. 

Control panel 
The control panel is shown in Fig. 2 at the 

left end of the machine and is divided into four 
Sections marked A, B, C and Master. The master 
section is provided with a master control switch 
80. Each of the other panels is provided with 

formula switches designated 81A, 8B, leic 
and each of the sections. is provided with a so 
called multiply switch which is designated 82M, 
82A, 82B, 82C. Each of the A, B and C panels 
are provided with a potentiometer adjusting dial 
3A, 83B, 83C and a second similar dial 84A, 
B and 84C, while the master panel is pro 

vided with a single dial 85. The switches and 
potentiometers controlled by the devices shown 
on the control panel are all diagrammatically 
represented in the circuit diagram of Fig. 23 and, 
since these are standard electrical devices, their 
mechanical construction need not be shown in 
detail. 
The following table shows the proper Setting 

of each of the formula switches and the master 
control Switch to obtain the score of the total 
number of questions represented on the response 
sheet or the score of one of the parts or of any 
combination of the parts. For example, for the 
first line, if it is desired to score only part A of 
an examination, the master control switch 80 
is set at A, the switch 8A of panel A is set at 
R, if it is desired to obtain the number of right 
answers, at Wif it is desired to obtain the num 
ber of Wrong answers or at R-W if it is desired 
to obtain the number of rights minus the number 
of Wrongs. The switch BB is set at any posi 
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tion but A, and the switch 8C is set at any 
position but A. Or B. : , s: 

Set switches at 

To score Mas 
ter Panel A Panel B Pane C 
panel 

Part A.----------- A Scoring for- Any posit Any position 
mula (R, tion but but 'A' or 
W OT R- 4A. (B.' 
W). 

Part B----------- B. Any posi- Scoring for- Do. 
tion. nula (R, 

W or R 
W). 

Part C----------- C ----- do------ Any posi- Scoring for 
tion but mula. (R, 
f A.'" W or R 

w). . 
Total, A-B----- A Scoring for- A----------- Any position . 

mula (R, but 'A' or 
W or R- (B.' 
W). 

Total, A.--C----- A -----do------ Any posit A. 
tion but 
“A.” 

Total, A-B-C- A ---- do------- A.---------- A. 
Total, B-C----- B R----------- Scoring for- B. 

mula (R, 
W or R 
W). 

Circuit diagram. 
In the circuit diagram there is shown a meter 
90 which is a direct current milliameter giving 
a full scale deflection on a current of one milli 
ampere (Aooo of 1 ampere). The meter 90 is 
provided with a chart calibrated from 0 to 100 
on which each division may represent a correct 
answer, a wrong answer, a difference between , 
right and wrong answer or a percent right or 
Wrong. Each of the resistors 69 shown in Fig. 
23a has a resistance of a megohm or more. In 
the actual machine a value of 2 megohms is used. 
There is also provided four batteries 8 such 
as 45 volt radio B batteries connected together 
in series. In Fig. 23 the structure of the several 
Switches is shown diagrammatically and the 
manner in which they are identified will be 
briefly set forth at this time. Each of the knobs 
of formula switches 80A, 80B and 80C, is con 
nected to a pair of switch blades F and F2 of 
which the former may contact a series of seg 
ments Fa designated R-W, W, R., A and B and 
the latter may contact a series of similar seg 
ments F2a similarly designated. As the three 
switches are identical in their structure the cor 
responding parts are given similar reference 
characters and in tracing the circuits they will 
be distinguished as for example 'the Ff blade 
of formula switch. A.' The master control switch 
8 has six blades designated C-C6 for engage 
ment with segments identified as Cla-C6a re 
spectively. The multiply switches are labelled 
M-M and cooperate with segments Ma-Ma. 
respectively. 
vien a response sheet is inserted in the ma 

chine and pressed against the sensing blades 54, 
57, a circuit is completed for each pencil mark 
which is traceable from negative side of battery 
8, through line 9 to the wire 59, sensing blade 
57, thence through the conductive mark to sens 
ing blade 54 and to the high reisistor 69 corre 
sponding to the position in which a mark is pres 
ent. According to the position of the key set pin 
76, the current will follow from the resistor 69 to 
either the blade structure 92 or the blade struc 
ture 93, depending on whether the pin 76 is set 
in accordance with a Wrong or right answer or, 
as explained hereinabove, if the pin 76 is set at 
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an intermediate position, the circuit will go, no. 
further and the mark sensed by the blades 54, 5 
will not be taken into account. All of the blade 
structures 93 in any horizontal row are connected 
by wires 92 and through a wire 93 are con 
nected to a blade structure 96 associated with the 
three lower pins 82 of the field identifying pins. 
All of the blade structures 92 are connected to 
gether by a wire 94 and connected by a wire 95 
to the blade structure 95 which cooperates with 
the upper three pins 82 at the end of the col 
unn, that is, looking at Fig. 20 the sets of pins 
76 are divided into ten separate groups, each hav 
ing at its outer end a set of six pins 82. All the 
blade structures 92 of one set are connected to 
the blade structures cooperating with the upper 
three pins 82 and all the blade structures 93 of 
any group are connected to the blade structures 
cooperating with the three lower pins 82. 
In the circuit diagram Fig. 23a only a few of 

the pins are shown to avoid needless repetition 
of like parts. In the circuit diagram the two sets 
of pins 82 shown are those in the upper right 
hand corner of Fig. 20 and two vertical columns 
of pins 6 are shown adjacent thereto. All of 
the ten pins 82 constituting the uppermost pin 
in each set are electrically connected to one an 
other, all of the next lower pins are connected 
together and so on. The five pills connected in 
each of the two vertical columns are connected 
by means of metallic strips represented at 96 of 
the circuit diagram. These in turn are Wired to 
the corresponding strips at the opposite side of 
the key set unit and all of them are connected to 
six wires generally designated 97. These six 
wires are designated as A-right, A-wrong, B-right, 
B-wrong, C-right, C-Wrong and connected to the 
switch blades F and F2 as shown in Fig. 23. The 
pins 82 serve to connect the circuits from the 
related set of pins 76 to any of the three for 
mula switches through a selected a pair of re 
lated wires 97. 
For example, if the main key sheet is per 

forated in the position opposite the A-Wrong pin 
82, this pin will be shifted to make connection 
with the blade structure 95 so that, if the mark 
is made in the related field in a position repre 
senting a wrong response, the circuit from line 
9 will go through wire 59, the sensing blades 57, 
54, resistor 69, pin 76, which will have been moved 
toward the left for connection with blade struc 
ture 92, thence through wires 94, 95 to blade 
structure 95, the A-wrong pin 82, the connecting 
strip 96, the A-wrong wire 97, to the blade Ff 
of A formula switch 8 A. Similarly, if the per 
foration in the field selection position had been 
made in line with the B-wrong pin 82, the same 
circuit would connect the sensing blades through 
the B-wrong wire 97 to the blade F of the B 
formula switch 8B. In this manner the circuit 
through any marking position. On the response 
sheet, if it represents a correct answer, will foll 
low first to one of the blade structures 93 and 
thence, according to the setting in the lower three 
pins 82 and the related section of the key sheet 
will be directed to any one of the three formula 
switches. If any marking represents an incor 
rect answer, the related sensing blade will be con 
nected through the blade structure 92 to any of 
the three formula switches according to the po 
sitioning of the upper three pins 82 of the related 
set of pins. 

Scoring procedure 
Let us first follow through with the procedure 

where there are two answers on the response 

5. 
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sheet related to, let us say, test A, and that the 
main key sheet is perforated in the A-right and 
A-wrong position in the field selection portion of 
the sheet related to the field in which the two 
marks are made, to represent the responses to 
two questions. 
The first step is to obtain a calibration of the 

meter 90, so that, if both marks represent cor 
rect answers, the meter needle will register. 2; 

10 if only one is correct, it will register 1, and if 
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both are wrong it will remain at 0. To do this 
a response check sheet is first prepared with both 
marks made in correct answer designating posi 
tions and the key sheet is also perforated in the 
correct answer positions with the related field 
selection positions A-right and A-wrong also per 
forated. The response sheet is then inserted in 
the machine and the start key 99 depressed to 
move the platen against the sheet, pressing the 
latter against the sensing blades 54, 57. A cir 
cuit is now traceable from negative side of bat 
tery (Fig. 23), wire 9 (Fig. 23a) wire 59, and 
assuming the marks to be made in the positions 
opposite the uppermost sets of sensing blades 
of the two vertical columns shown, parallel cir 
cuits will branch through each of these two sets 
of blades through their resistors 69 and pins 76 
to the two blade structures 93, wires 92, f 93 to 
the upper blade structure 96, A-right pin 82, 
A-right wire 97 (Fig. 23), to switch blade F2. 
This switch is now set in the dotted line position 
shown and the circuit will continue through the 
switch blade F2 to the contact segment F2d 
labelled "R,' thence through wire 200, plus po 
tentiometer wire 20, wire 20, contact point C6a, 
switch C6, in its A position wire 209, contacts 
208, wire 207, meter 90, wire 206, contacts 205, 
wire 204, switch blade C5, wire 203, potentiometer 
wire 202, wire 2, to segment C4a of switch blade 
C4, wire 22, switch blade M4, the No. 1 segment 
M4a, wires 23 to plus side of battery. Part of 
the current also divides at wire 200 going directly 
through potentiometer wire 20 f and wire 2 to 
plus side of battery as traced. The resulting 
passage of current through the meter f 90 will 
cause deflection of its indicating needle and the 
A potentiometers are now adjusted until the nee 
dle moves to indicate exactly 2. This is the ad 
justment for a perfect response sheet. The op 
erating key 99 is now depressed a second time to 
remove the sheet from the machine and another 
response sheet is placed in the sensing position 
and the key again operated to effect sensing of 
this sheet. If it contains but a single correct 
mark, the previously traced circuit will only pass 
through one of the resistors 69 and only half as 
much current will flow through the circuits 
traced, so that the indicating needle of meter 90 
will move only half way to indicate a score of 1. 
If neither correct answer position has a mark 
therein, no circuits whatsoever will be completed 
and the needle remains at 0. 

If it is desired to score only the number of 
wrong answers for a test, the Switches F and F2 
are moved to the position where they contact the 
segments designated W so that a mark made in 
a position representing a wrong answer would 
complete a circuit traceable from line 9, wire 
59, blades 54, 57, the related resistor 69, pin 76, 
metallic Section 80, related blade structure 92 
with which 80 is in engagement under control 
of the key sheet, wires 94 and 95 to blade struc 
ture 95, thence through A-wrong pin 82, A-wrong 
wire 9 (Fig. 23) switch blade Ff, segment Fa 
designated W, wire 24, wire 200 from which the 
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current divides, part going through master switch 
blade C6 to the meter 190 and the remainder to 
plus side of battery through the master Switch 
blade C4 and multiply switch M4. Through par 
allel circuits the number of marks representing 
incorrect answers controls the number of units . 
of current flowing through the circuits, each unit 
of current effecting the advance by One gradua 
tion of the meter indicating needle. . 

Weighting the score.--If it is desired to weight 
the score, that is, if it is desired to have the 
meter read more than One unit for each mark. 
closing the pencil mark circuit, more voltage is 
applied by means of the multiply Switch M4 which 
increases the potential applied to the circuit. 
Thus, each multiply switch M to M4 has four 

O 

positions in addition to an off position so that, 
for example, with the switch M4 moved to its '2' 
position, the circuit path from wire 22 is di 
rected through wire 25 to the plus side of the 
second battery, thereby increasing the voltage. 
In the machine disclosed, if the increase is in 
multiples of two the voltage of the batteries is 
in the same proportion. It is quite obvious, now 
ever, that different ratios of increase may readily 
be substituted. 

Rights minus UrongS.--When it is desired to 
Score the number of rights minus the number 
of Wrongs, Switches F and F2 are moved to con 
tact the segments Fa and F2a designate R-W. 
With this set-up the flow of current through the 
mark representing a right answer will be directed 
through the A-right wire 97 to the switch blade 
F2 (Fig. 23). From here it will pass to the meter 
90 in the same manner as though the blade F2 

were set in the R position and the meter, needle 
Will be deflected in accordance with the number 
of units of current flowing through the circuit 
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9 
half of the "wrongs," formula switch blades Fl 
and F2 are Set to the R-W position and the 
potentiometer contact arm of the minus potenti 
ometer winding 202 is adjusted to such a position 
that only half as much current coming from the 
wrongs circuit 26 tends to flow through the 
meter as flowed therethrough when the contact 
arm is adjusted for Scoring rights minus Wrongs. 
Similarly, when it is desired to score rights minus 
one-quarter or any fraction of the Wrongs, the 
minus potentiometer arm is adjusted accordingly, 
permitting more or less current from the wrongs 
circuit to pass to the meter. 

Briefly recapitulating, the number of answers 
recorded on the response sheet controls the num 
ber of units of current flowing through the meter 
and by means of the key-set pins 76 the current 
flow of the "rights' may be separated from the 
"wrongs' and directed throughtWo separate cir 
cuits. With the formula Switch set at R, only 
the “right' circuits are utilized. With the for 
mula switch set at W, Only the "Wrong' circuits 

... are taken into account, while with the switch at 
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which in turn will be proportionate to the num 
ber of right answers. The current directed to 

, the A-Wrong wire 97 under control of the marks 
representing Wrong answers passes through 
switch F and the R-W segment Fifa, through a 
wire 26 to the minus potentiometer 202 and, 

... since this potentiometer winding is connected to 
the opposite side of the meter through the wire 
203, switch blade C5 in the “A” position, wire 
204, contacts 205 and wire 206, the current would 
tend to flow in the opposite direction from the 
current flowing from the rights circuit, so that 
the actual current flowing through the meter will 
be a balance between the current from the rights 
and the current from the Wrongs provided that 
the arm of potentiometer 202 is adjusted so that 
each unit of current from the "wrong' circuits 
depresses the meter one point. 

Negative score.--Where the number of Wrongs 
exceeds the number of rights, the indicating nee 
dle of the meter Wil, of course, not advance. If 
the negative score key 2 is depressed, the con 
nections to the meter 90 will be reversed through 
the opening of contacts 205, 208, and the closure 
of contacts 28, 29, which contacts constitute a 
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reversing switch, so that current coming from 
the "right” answers through wire 209 will go 

, through contacts 28 and through wire 206 to the 
meter and current coming through wire 204 from 
the "wrong” answers will go through contacts 
29 and wire 207 to the other side of the meter 
90. The negative score would thus be directly 
readable on the meter and in recording the read 
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ing the operator will, of course, represent the . 
score as negative, 

Rights minus one-half of the Urongs.-If it is 
desired to score in terms of 'rights' minus one 

R- W, the difference between the number of 
'rights' and number of "wrongs' is scored. By. 
Suitably adjusting the multiply switch the value 
of the unit of current for each mark may be in 
creased to several selected values. Also, by ad 
justing the potentiometers the amount of current 
flowing through the meter from the "rights' 
circuit may be made less than the amount of 
current flowing through the meter from the 
“wrongs' circuit. This variation is utilized in 
instances where a "right” answer is given a value 
of, say, one and a "wrong” answer is given a 
value of, say, minus 2. 
The foregoing circuit description has been con 

cerned with the control of the circuits by a . 
single. Switch, specifically, the formula switch 
8A, and the circuits flowing through A-right, 
A-wrong wires 9 have been specifically traced. 
The circuits through the formula switch 8 B 
directs the circuits coming through the B-right 
and B-wrong wires 97 in exactly the same man 
ner as does also the switch 8C for the circuits 
coming over C-right and C-wrong wires 9, . 
when these two switches are positioned in their 
R., W, or R-W positions. When the master. 
switch 80 and its blades C-C6 are set in a 'B' 
position, the circuits through the B formula. 
switch alone will be effective and, when the . . 
master switch is set in the C position, only the 
circuits through the C formula switch will be ef 
fective. . . ' 

In my copending application of which this is 
a division, there is set forth in detail the pro 
cedure employed to score A-B--C, A-B, A-C, 
B--C and for scoring the complete response sheet 
of Fig. 5, so that the same need not be repeated 
herein. 

Item weighting unit 

The machine is provided with a unit called the 
“item weighing unit' which is used for scoring 
responses where each individual response position 
is to be given a different weight. The function of 
the item weighting unit is to direct the current 
coming from the individual sensing circuits in 
varying proportions so that the current going 
through the meter from any given circuit will 
be any desired One of ten possible fractions of a 
value. The unit is shown in Figs. 18, 19 and 20 
and comprises a box-like frame 275 which is in 
Sertible in the reciprocable carriage between the 
side plates 34 as shown in Fig. 18. The unit is 
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provided with a slot 276 which serves to co 
operate with guide bars 229 to maintain the unit 
in position on the sliding carriage. Within the 
unit are a number of contact elements 278 which 
are insulated from one another and of which . 
there is one provided for each possible marking 
position on the record to be sensed. Lying ad 
jacent to each vertical column of elements 28 is 
a series of ten conducting strips 279 which are 
common to all the elements 278 in the same verti 
cal column. For each element 28 there is pro 
vided a sliding contact 280 which serves to elec 
trically connect the element 278 with any one of 
the conducting strips 279. The contact 280 is 
supported in an insulating block 28 which is 
carried by a pin 282 normally biased toward the 
right as viewed in Fig. 19 by a spring 283. The 
pin. 282 has a number of shoulders 284 through 
the medium of which the contact 280 may be 
variously positioned as will be presently ex 
plained. 
Carried by the reciprocable carriage and form 

ing an integral part thereof is a frame compris 
ing a front plate 285 and a back plate 286 which 
are secured to side posts 28. Each post is 
mounted for horizontal reciprocation in guide 
slots 288 of the side plate 34 and is connected by 
links 289 (Fig. 20) to a pair of arms 290 which 
are connected together by a link 29 for parallel 
movement. The upper arm 290 is secured to a 
rod 292 upon which is also secured a worm wheel 
sector 293 which meshes with a worm 294 suitably 
supported in the side plate 34. On the shaft 
295 of the worm there is mounted a handle 296 
which, when rotated, will cause rocking of sector 
293 and movement of the frame plates 285, 286 
toward the left as viewed in Fig. 20. 
Between the plates 285, 286 there is inserted 

the key plate KP shown in Fig. 18. This plate 
may be made of record material but for cases 
where it is to be repeatedly used, a thin metallic 
plate is preferable. A number of positions are 
provided one for each of the pins 282 and in 
each position holes 300 may be made which vary 
in size according to the weight to be given to the 
mark in the corresponding position. For present 
purposes ten different hole sizes are employed. 
After the key plate KP has been prepared in ac 
cordance with the desired weighting, the plate is 
inserted in position between the plates 285, 286 
as shown in Figs. 19 and 20 with the bottom of 
the plate resting upon locating pins 30. When 
this has been done, the handle 296 is rotated, 
forcing the key plate against the ends of the 
shouldered pins 282 and in accordance with the 
size of each hole its corresponding pin will be 
moved a greater or less distance toward the 
left to cooperate with and connect a selected one 
of the conducting strips 279 with the related 
contact segment 28. 
With the pins 282 thus differentially displaced, 

the entire reciprocable carriage is moved toward 
the left in the now familiar manner in response 
to the rotating of the shaft 39 by crank handle 38. 
The contact segments 278 will thereupon eachen 
gage their corresponding key pins 76 moving them 
to their intermediate positions in which they 
make no electrical connection with the blade 
structures 92 or 93 so that any current flowing 
from a mark in line with a particular key pin will 
pass directly to the contact segment 278 in the 
corresponding position. The field Selection pins 
2 are also engaged by the end of the unit and 
moved to an ineffective position, although it may 
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76 in their “off’ position no current will flow to 
the field selecting pins and that they may, there 
fore, occupy any position. 
The item weighting unit is provided with a pair 

of contacts 303 and 304 whose location is indicated 
in Fig. 19. These contacts, when the unit is in 
Serted in the machine engage contacts 238 and 
239 which are carried by the reciprocable car 
riage. Referring now to Fig. 23b, there is shown 
in diagrammatic form the circuit connections in 
volved in the item weighting unit. . The circuit 
diagram of the machine, when this unit is used, 
is represented by Figs. 23, 23a and 23b placed side 
by side in the order named. In Fig. 23b there are 
shown two vertical columns of contact segments 
278, each with five segments indicated to corre 
spond to the same number of key pins 76 shown 
in Fig. 23a. The sliding contacts 280 are repre 
sented by arrows and are variously positioned. 
Each vertical strip 279 is electrically connected 
as by a wire 305' to each of the corresponding 
strips in all the other vertical columns of the 
unit, and the strips are connected to resistances 
306 as shown, each of which has a resistance of 
25 ohms. Thus, if a mark is sensed on a record 
sheet in, say for example, the uppermost posi 
tion of the right hand column of Fig. 23b, current 
will flow from battery through the corresponding 
key pin 76 to the uppermost segment 278 thence 
through contact slide 280 to the connected con 
ducting strip 279 and from there through one of 
the wires 307 to the resistors 306 through which 
part of the current will flow through wire 308, 
contacts 303, 238 to wire 24 and thence to the 
other side of battery through the now familiar 
path. A part of the current will also flow in the 
other direction through wire 309, contacts. 304, 
239 to Wire 252 and thence to the meter 90. In 
each case the amount of current flowing through 
any pencil mark is determined by the setting of 
the related contact slide 280. The resistors 306 
are arranged in series so that the amount of cur 
rent varies from one to ten units. Thus, with the 
contact slide 280 positioned to connect a segment 
278 with the right hand or number ten strip 279, 
ten times as much current will flow through the 
meter than when the slide is positioned against 
the left hand or number one conducting strip 
29. 
For this operation the master control switch is 

set at the “aggregate weight position' and a pre 
liminary adjustment of the potentiometer 244 is 
made to effect the initial calibration. The pro 
vision of this unit considerably extends the range 
of usefulness of the machine which is not limited 
to the scoring of examination papers but may be 
applied to the solution of many other problems 
of which a representative one will be briefly men 
tioned. 

Profile analysis.-The machine may be en 
ployed to compare a selected combination of vari 
ables with other combinations of the same Vari 
ables to determine their relationship to one an 
other. Thus, for example, as represented in Figs. 
21, 21a, and 21b, a record such as Fig. 21 may 
have columns of perforations in which the nun 
ber of perforations in each column represents 
a different variable. In a particular instance 
relating to weather forecasting, the perforations 
in one column may represent, the percentage of 
precipitation on a particular day, another column 
may represent the temperature, another one the 
humidity and so on. This sheet is to be com 

observed from Fig. 23a that with all the pins 75 pared with other sheets which had previously 
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been prepared to record the same conditions for 
other days. 
The first step would be to calibrate the meter 

which is done by first preparing a marked sheet 
with a mark for each position punched on the 
perforated sheet of Fig. 21. The perforated sheet 
is then placed in the key holder and the corre 
spondingly marked sheet in the sensing unit. 
With the formula Switches set at R-W and the 
field selecting positions punched at the A-right 
and wrong positions, the formula potentiometers 
are adjusted so that the meter reads 100 or any 
desired figure. For instance, for the sheet having 
the profile of Fig. 21, the meter might be adjust 
ed to read “23” which is the number of positions 
punched out. With such calibration, if the sheet 
of Fig. 21a is inserted in the sensing position, the 
meter will read "14.’ This result follows in ac 
cordance with the manner of operation explained 
hereinabove, that is, for each position marked 
in Fig. 21a which corresponds to a position 
punched in Fig. 21, the meter receives a unit of 
Current and the indicating needle advances One 
point. For each position marked in Fig. 21a. 
which does not have a corresponding hole in Fig. 
21, the needle is moved one point in the opposite 
direction. Inspection will show that there are 

positions in Fig. 21a that have corresponding 
holes in Fig. 21 and there are three positions for 
which no holes are present in Fig. 21, resulting in 
a total movement of 14 on the meter. In Fig. 31b. 
is shown a further sheet in which the measures 
have different values. On this sheet there are 
twenty-three positions that have corresponding 
holes in Fig. 21 and there are five positions 
marked that do not have corresponding holes in 
Fig. 21 with the result that the meter needle 
moves to a position indicating 18 and thus repre 
senting a profile more nearly like the master pro 
file in Fig. 21 than the profile of Fig. 21a. 
While there has been shown and described and 

pointed out the fundamental novel features of the 
invention as applied to a single modification it 
will be understood that various omissions, and 
substitutions and changes in the form and details 
of the device illustrated and in its operation may 
be made by those skilled in the art without de 
parting from the spirit of the invention. It is 
the intention, therefore, to be limited only as in 
dicated by the scope of the following claims. 
What is claimed is: 
1. In a machine of the class described, a plu 

rality of devices arranged in rows and columns 
for Sensing marks in similarly arranged positions 
On a record sheet, each sensing device sensing a 
differently located mark, a current responsive 
meter, a source of current, a plurality of con 
ducting bars arranged in rows and columns, with 
the bars of each column in a common plane, 
each bar being electrically connected to one of 
said devices, each device upon sensing a mark 
connecting its conducting bar to one side of said 
source of current, a plurality of different valued 
transverse conducting bars for each column of 
said first named bars, lying in a common plane 
spaced from the plane of the related column, all 
bars of like value being electrically connected, 
a plurality of fixed resistors wired in series and 
connected to the opposite side of said source 
through said meter, there being a resistor for 
each different valued transverse bar and each 
different transverse bar being electrically con 
nected to a point adjacent to a different resistor, 
and settable connecting elements individual to 
each sensing device positionable to connect the 
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related first named conducting bars to any of the 
related transverse bars whereby all the sensing 
devices are connected in circuit with said meter, 
each through a different connection of prede 
termined resistance. 

2. The invention set forth in claim 1 in which 
each connecting element is differentially slidable 
along the first named conductor and across the 
transverse conductors to successively connect the 
first named conductor with the transverse con 
ductors in succession and means for concurrently 
positioning the element in any connecting posi 
tion comprising a plurality of stepped shoulders 
On each element, stepped in the direction of its 
movement, a control element movable past said 
steps a fixed extent, said control element being 
variably configured to engage any of said shoul 
ders to move the connecting element to one of its 
positions, the position selected depending upon 
the configuration of the control element. 

3. In a machine of the class described, a plu 
rality of columns and rows of record sensing 
pins, a plurality of columns and rows of conduct 
ing bars spaced similarly to the pins and ex 
tending in the direction of the pins, a carriage 
movable toward and away from said pins, said 
bars being Supported in the carriage and mov 
able therewith into contact with the pins, a 
transverse row of bars for each Column of Said 
first named bars also supported in said carriage, 
each row being spaced in a common plane from 
the related column of conducting bars, a con 
necting element for each conducting bar, Sup 
ported in the carriage and slidable to connect 
the related conductor with any related trans 
verse bar, each element having an extension, the 
ends of all of which normally lie in a common 
plane, a frame slidable in said carriage and ar 
ranged to receive a perforated plate in a plane 
parallel to the plane of the ends of said exten 
sions, said plate having various sized perfora 
tions aligned with the extensions, means for 
moving said frame and plate toward the exten 
sions a fixed distance, said extensions passing 
through the perforations and being positively 
engaged by the edges thereof at different points 
depending on the sizes of the perforations and 
moved the remainder of said fixed distance, 
whereby the extensions and their connecting ele 
ments are variously positioned in concurrence. 

4. In a machine controlled by a record having 
a plurality of conductive marks thereon in posi 
tions arranged in columns and rows, a plurality 
of sensing elements arranged in columns and 
rows to concurrently contact the marks on the 
record, a plurality of conductors one respectively 
connected to each sensing element, a source of 
current, each mark serving to electrically con 
nect its related conductor to one side of said 
source of current through parallel circuit con 
nections of the same measured resistance, a plu 
rality of resistors wired in series, an indicating 
meter responsive to current values, connected in 
series with the other side of said source of cur 
rent and said Series of resistors, a movable con 
necting element and fixed connections cooperat 
ing therewith for each conductor for electrically 
Connecting the related conductor to a point in 
termediate any adjacent pair of said series of re 
sistors, whereby said meter is connected to each 
conductor through a selected number of resis 
tors, and parallel circuits are completed from 
the sensed marks through the related conduc 
tors and the selected resistors to the meter to 
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actuate the same in accordance with the total 6. The invention set forth in claim 4 in which 
current flowing through the several circuits. the resistors of said Series are of equal value so 

5. The invention set forth in claim 4 in which that current passing through one conductor will 
means are provided for causing all the connect- be an exact multiple of current passing through 
ing elements to concurrently connect their re- 5 another conductor. 
lated conductors to selected ones of said inter 
mediate points. REYNOLD B. JOHNSON 


