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An Analysis of Several Lecent Drill Services in Aritlhmetic
or
An Investigation into the smount of Drill Given to the Various

Combinations - According to their Relative Difriculty.

There are one hundred primary or basic combinations
each in addition, subtraction, and multiplication; and ninety
in divisicn. They are,in addition, the following direct com-

binations with their reverses:
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In subtraction they are these:
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they are the Tollewing combinations with

tion,
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And in division:

<
|
1=t
T
=

Rl S+1 4+1 5+1 6+1 T+l 851 91
0=+2 22 4+2 6+2 8+2 10+2 12+2 14+2 16+2 18+2
0+3 3+a 6+3 ¢+3 12+3 1b6+3 18+3 2145 24+3 27+3
O+4 44 8+4  12+4 16+4 20+4 24+4 28+4  32+4  36+4
05 5+6 10+5 1b+b 20+b 25+5 30+b 35+5 40+b - 45+6
C+6 6+6 12+6 18+6 24+6 30+6 H6+6 4246 48+6 E4+6
U7 T 14T 2157 2847 357 4247 49+7  B6+T 83+
0+8 8+8 16+8 2448 3248 4048 48+8 bL6+E 64+8  Y2+5

0+£ €+¢  18+9 27+6 56+¢ 45+ DH4+E  63+0 72+9 81ls9

Note that there are no "zero " divisors, hence
there are ninety and 0T one hundred basic combinations in

division as in the other three operations.

But besides these simple combinations, there are

vet others; all told there are 1680 combinaticns which may be

classified in this wise (1):

Simple addition 100 conib's
Higher decade addition 755 W

{up to and including all cases where

9 ieg to be carried)

Simple subtraction 100 n
Tne subtracticn involved in short division %S W
Simnle multiplication 100 i
Short division : 450 L
Total 1680 n

¥

—

(1) . J. Osburn; Corrective arithmetic, Pz. 11.
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It may be noted here that these coﬁbinations must
be absolutely mastered by the child before he has passed many
years in school; Osburn, before gquoted, would say by the end
of the fourth year. The leerning of this large number of
facts - and simply as facts - is & very great task, indeed,
but there is no alternative. Cf course the child must know
that the symbol b represents & objects of some kind; he must
know end from a varied experience that the putting together,
say, of 3 apnles and 2 apples gives 5 apples; or 4 blocks and
1 block make &« total of 5 blocks, and so on,

But the combinations are not to be learned this way; instead,
they are to be learned mechanically and as facts and incident=-
ally let it be said, according to best thought today, not in
table form. Tables are valuable in so far as they are used
as means of remembering what has been learred; they are use-
less, perhaps even worse, as methods of learning.

In the past, we have gone entirely on the assumption that
through the "transfer of training®, learning for instance, that
6+5 is li, the reverse combination 5+6 and the'varicus cor-
respouding decade combinations, as 2645, 76+5, ¢6+5, ete, were
all taken caere of at the same stroke. This of course as we
know now is not the case; each and every combination must be
taken care of separately and learned indepnendently.

Of the simple combinations in each of the four op-
erations, given in full on pages 1,2, and 3 herein, much study
has been given recently vpertaining to their relative diffi-
culty. An early study of this sort was made by H. V. Holloway
at the University of Pennsylvanis. 4 more recent investigation

made by Frank L, Clapp of the University of Wisconsin is per-
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haps more thorough and reliable. It will be described brief-
ly in the pages that follow; in fact the results of this Clapp
Study have been made the basis in determining the conclusions
of the present thesis.

This study of Prof. Clapp (2) which was possibly
even more comprehensive, so it is said, than the original in-
“vestigation of Ayres in the field of spelling, tested more
then 10,000 school children in various and widely s=epareted
sections of the United States. We cﬁnnot go into detzail tut
briefly it may be said that among other things discovered were
these;
1. ) That certain combinations are much more difficult than
others. For instance in addition, it is shown that the follow-

ing combinations caused 43% of all mistakes:

5+5 6+5 7+5 8+5 S+5
o+ 6 6+6 it6 &+6 Y+ 6
57 6+7 T+ 8+ U7
5+8 6+8 T+& 8+8 o+8
5+ ¢ 6+¢ 7+¢ 8+9 o+ 9

and these are only twenty-five of the one hundred combinutions

in addition. In these tests it was shown that twenty times

(2) The best description of the Clapp Study is found in :

iThe Wumber Combinations: Their Helative Difficuliy and the
Frequency of their Appearance in Text Eooks", by Frank L., Clapp.
It is Bulletin #2 of the Bureau of Educatiocal Research, Univer-

ity of visconsin, lMadison, Wisconsin.
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as many mistakeé were made on 50me of the combinaticns as on
others,

2.1 liany more mistakes were rade on certain combinations when

they were presented in examples than when they were presented

singly, while of others the reverse was true.

Based upon the results in these two regards, Clupp
has prepared "Crders of Difficulty” of the combinations in each
of the processes. The first Crder of Difficulty that he gives
us is_termed Crder A; the other Order BE. In determining the
former, pupils were tested on the combinations vresented singly;

while for the latter, the combinations were presented in ex-

amnles. The A tests were timed and designed to measure the
extent to which the associations represented by the various
combinations are automatic in the minds of pupils, The B Tests
invelved no speed element and were designed to measure the dif=-
ficulty of the comwinations when pupils ure free to determine
the answers by any method they prefer. The results of the 4
Tests may be said to indicate the learning or teaching diffi-
culty of the combinations while those of the E Tests represent
their functional difficulty. Charts 1, II, III, and IV on
pages 9, 10, 11,& 12 of this work give in full both orders in
all of the four processes.

The arrangement or line-up in the two Orders are
quite different. One is surprised at noting so muny combina-
tions found in the first quartilé of the one, appearing in the
third or fourth quartile of the other. One very noticeable
example is 2+2. Presented singly, it islrated as the most
difficult of all the ninety combinaticrns in division.

That is, it is found as the first combination of the first

guartile of Order A where the form is in decreasing order of
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difficulty. But this same combination, 2+2, presented in ex-

ampleg, is one of the easiest; that is, it is found in Crder

B at rnearly the end of the third quartile,.

ot only is 2+2 found in the first quurtile (the

most difficult) of Crder A, but so also are:

That is to say, every aligit divided by itseli is among the

twenty=-five most difficult division combinations when presented

singly. It seems that there is & marked tendency to respond
"zero" to any number divided by itseli. but these same com-

tinations presented in examples do not give the same difificul-

ty. lione of them anpear in either the first or second quar-
tiles of the E Order,

In additicn, the combination 2+¢ in examples is

one of the most difficult. It is found in Guartile I of Crder
B, but presented singly it is one of the less difficult and
is found in Guartile IV of Order =, It is provable that if
the child, having 2+¢ presented gingly, finds it bvothering,

he immediately and perhaps almost unconsciously reverses the

order of the lwo addends thus having 9+2, which to meny ciiildren

would be easier. But in examples where one addend is most

likely to be in decade form, as 32+¢, reversing would not make
the situation any easier.

It must be said, at least parenthetically at this
point, that teachers often make the mistake of anwlyzing the
work of pupils only when the combinations are presented singly

and then giving attention to those combinations that cause
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difficulty as indicated by such analysis. It is quite eas
imvortant, if not more so, to analyze the work of pupils when

the combinations are presented in examples and then give the

necessary attention to those combinations that are giving dif-
ficulty as revealed by this analysis. Giving drill only to
combinations which are proving troublesome singly will bring
but little if any improvement in written work which of course

nakes up a large part of actual school and everyday arithmetie,




Order A

Learning Difficulty

8+5
7+2
5+8
o+7
6+8
6+9
5+7
7+8&
8+7
g+6
5+9
8+9
E+6
447
7+5
449
S+5
O+ 4
6+7
b+6
4+6
"7+6
T+4
o+8
&+7

E &

9+0
2+6
9+3
C+6
6+5
348
3+4
3+9
243
3+5
6+3
743
247
g+4
4+8
8+0
1+0
5+2
442
1+2
B+3
0+3
0+5
5+1
740

Chart

X

Clapp Order of Difficulty

111

0+7

O+1-

T+2
1+¢Q
C+¢
e+l
6+2
O+4
3+6
0+2
2+ 4
3+0
445
0+8
6+0
8+3
E+2
6+4
1+4
o+1
5+C
6+6
3+2
£+
1+E

Addition
Iv I
7+1 4+<
2+¢ 9+ 6
2+5 6+
245 &+ 6
A4+ 4 6+S
4+1 3+9
S+1 5+8
a+( 749
1+8 E+Q
o+ @ 8+5
T+ 9+9Q
240 7T+5
6+1 4+3
&+4 2t e
o+ 3 7+6
141 248
C+2 A
8+8 6+6
1+3 447
146 648
1+7 o+
2+1 8+8
242 O+3
545 0+ &
0+0 &+9

Order B

Functional Difficulty

IT

1+3
8+7
57
7+8
242
346
B+
V44
C+4
149
4+ 4
148
248
347
246
345
G+ 5
144
145
147
C+2
4+5
3+4
6+2
1+6

IIT

4+6
R+
6+3
6+5
AR
o+3
a+5
2+4
5+3
o+6
T+32
5+5
4+3
6+0
ot+d
5+4
1+1
8+ 1
E+4
243
0+¢
0+6
e
C+1
S+1

3+2
1+0
6+1
T+1
C+7
O+ 4
C+3
&+2
2+0
5+0
0+5
440
C+8
e+z -
542
5+0
4+1
T2
241
o+l
5+1
C+2
40
5+0
0+0
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Chart II

Cla»p Order of Difficulty

Order B

Subtraction

A

OCrder

T

functional Difficulty

Learning Difficulty
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Order A

Learning Difficulty

7x0
Qx5
ox'f
Ox1
4% 0
Uz
0x2
x4
2%0
0x6
Sx0
8x0
Ox3
6x0
)2 S
Sl
50416
1x0
8x'/
Cx6
6x9
738
738
68

II

86
4% G
rily g
e g
&x9
x4
Tl
Tx6
8x8
B8xbH
8x4d
¢x8
8x3
bx6
6"t
dx8
3x8
476
5x.8
dxG
X7
3T
bx"
bx ¢
Cxb

Chort

TIY

Clapp Order of Difficulty

I1T

Hx3
€xS
7x5
435
dxd
2xd
4x2
bx3
6X6
633
624
1x2
6x5
2%6
3x6
8x3
6x2
3x5
8x1
1x9
4x3
5x5H
XS
ox1
Tx2

Multiplication

2x7
2x3
431
4x4
bx2
7x1
8x2
3X2
%l
6x1
1x8
bx4d
2x°
2x1
1x6
1x5
2x2
ox2
2x8
1x4
oxD
1x3
bx1
1Y
0x0

il,

Order

Functional Difficulty

II

8x0
T%D
Txh
6x'7
x6
6x6
Bl
6x4
X'
Tx1
4x%0
Ux6
¢x9
Ox

3x0
4x9
%0
Cxb
8xb
Ox4
Ox2

e
SR

bxb
5x6
bx8

ITI

4x6
44

r
4z

Sx1
6x1
3X6
220
6x3
bx e
2x8
x1
537
3x9
43
ax
2xd
6x5
bx3
5x0
1x1
4x]
bxd
2x3
2x¢
ax2

IV

Rxl
2x2
6x0
3x3
ex2
8xlL
Lx0
Sx4d
1x2
3x8
4xH
1x9
1x8
2x6
1x3d
%2
X5
2x5
3x%h
2x%
x86
1%
1x4
5B

%0

B
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Chart IV

Clapnp Order of Difficulty

Order A . Division Order B
Learning Difficulty Functional Difficulty
I 11 TIT v I II TET Iv
242 Ul 18+2 40+5 499 42+ 12+3 C=1
C+G 0+6 8+4 21+7 54+6 54+ 12+6 L=d
28+4 42+ 56+7 21+3 45+9 30+6 32+8 0+3
1+1 56+9 45+9 30+5 RT3 28+7 8+4 3+3
36+4 28+ 30+6 L2+3 567 2453 943 515
8+8 63+7 3+1 15+ 26+4 a7+ 122 G+d
33 2723 35+7 12+6 244 64+8 16+8 ¢+0
6+6 2448 18+3 36+6 366 81+9 10+5 O+7
568 42+6 8+1 16+2 48+6 36+9 452 0+6
54+6 244 45+5 147 217 18+6 24+6 0=+5
7 2+1 426 20+5H 18+2 637 5+l 6+1
5+5H 490+7 18+C 82 21+3 42+6 15+5 0+8
d+4 40+8 16+8 122 36+4 568 18+¢ 11
63+9 72+8 41 153 Te2+9 162 6+6 0+9
0+5 18+6 20+4 142 65+9 24+8 20+5 81
0+9 24+3 6+1 10+5 40+8 72+8 2+2 21
54+9 72+9 32+8 6+ G2+4 16+4 10=2 O+1
0+ o+ 35+5 819 Sy 20+4 63 8L
G+7 2446 - 27+¢ O+3 355 30+5 40+5 O+
0=8 O+l 5+1 1052 1843 147 8+8 41
0+3 6+3 16+4 25+H 1553 142 Ve 7+l
64-+8 32+4 71 42 4b+h 25+5 1lo+4 51

48+8 12+4 L8 6+2
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Having the Orders of Difficulty set up (See Charts
I, II, III, and IV on pages 9, 10, 11, and 12), Prof. Clapp
next proceeded to analyze two widely used arithmetic texts to
determine whether or not the typical text book in use up to
the time had not given most drill to the less difficult combi=-
netions and least drill to the more difficult cbmbinations.
Chart V on the next page shows graphically his findings which
were quite as surmised. For instance,'in one text, that he
degignates as Text B - in addition - the percentages of fre-
guency of apvearznce of the combinations by quartiles were

as follows:

Quartile X 14
IT 29
ITI 17
IV 40

Thisdmeans that in this p&rticul#r text the twenty-five mast
difficult combinations appeared only fourteen times to every
forty times that the twenty-five least difficult combinations
apreared, This is typical, as shown in this same chart, of
the other three Operafions of this same text and also of the
other book analyzed and referred to as Text 4, In every case
in all of the four operations of both texts, a great deal less

drill is given to the more difficult combinations.
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Having the findings of these analyses of typical
texts widely used in this country, it has been thought desir-
zble and worthwhile to analyze in the same manner severeal of
the drill services in arithmetic recently offered by leading
publishers. Such is the uﬁdertaking of the present study.
Drill services by Hillegas, Osburn, and a series by Clapp,
himself, are the objects; all of them bearing “copyrights"
of either 1¢25 or 1926. These latest Services are coming to

us with meny claims made by their mekers as meeting the demands

(=

of modern pedagogical and psychological researcii. .
Are these texts really giving most oractice and drill to the
more difficult combinations, or do they fail in this respect

as did so grossly those analyzed by Clapp? This is the ques-

tion to which we seek an answer.

It is of course the contention of the present stuay
that the work of Clapp, Holloway, and others makes it cquite
certain that there is a real intrinsic difference in difficul-
ty in the combinations both as to learning or teaching, and
funcitionally. And it is with the Clapp Order of Difficulty
of the Combinations that we are making the comparisons which
are so fundamental to our conclusions.

In analyzing a text every combination in the en-
tire book must be "rounded-up®, so to speak, and tabulated.

In an example in multiplication, as will be shown in detail
nresently, not only are there the several multiplication com=
bingtions, but also numerous combinations in addition coming
from the "carrying®, and from the adding of the partial products
- if the multiplier is of two or more pluaces. One exampnle in

long division will rive combinetions in addition, subtraction
o L 3 L]
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and multiplication, as well as division, Thus they soon reach
up into the thousands; in fact the present study has involved
the tabulating, checking, plotting, etec. of « grand total of
57,730 combinations, Of these the Hillegas Book furnished
9,069, the three books of the Usburn Series 11,484, and the
two books of the Clapp teries 37,177.

Further on, but as an illustration only, a complete set of the
'combinations.in one of the operations and from one of the Ser-

vices, will be included. See Chart VI.
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Procedure of Analyzing Txamples into Their

Various Combinations.

In this example in addition the following combinations

are obtained:

5 @+ 5 8 + 4
4 5
1609 1 4+ 7 12+ 2
2 41
2+ 86 1+ 1

This example in subtraction gives the combinations:

l15-28 1L 0=-26

[&; [ <0]
[ Ne
=
(¢l &)

(&3
i
C
-2

1 -1 8 - 5

Ye have the following combingetions from this example

in multiplication:

37 09 b X9 0O+ 4 1+ 3
4 5 5% 0 15+ 3 4 + 5
1 85 4 5 5 x Y 0 + 3 8 + 8
1 483 6 5ixd 12+ 2 1+ 4
1 66 2005 4 x 9 6 + 4 Hh + 1
4 x 0
4
4 x 3

In analyzing this example in long division, we obtain

combpinations as follows:

_ 485 19 +4; 4xland 4 x4; 8 - 4 and ¢ - 6
41 )19896
1 g E g S 4 +4; 8x1land 83 xXx 4; 8 - 5 and 4 - 2
3 2 8 2 0 +4; H5xland 5x 4; 6 - 5gnd 1 = 0
216
2 05
i 2 | Wote that subtraction combinwziions

giving "zero" in long division are not in-

cluded. This is following the Clapp procedure in his anslyses,
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As said before, in this study we are attempting to
determine whether or not certain of the latest Drill Services
in arithmetic are giving more drill and practice to the most
difficult combinations ana less to the least difficult com=
bingtions, It has been shown already that the typical text
book even up to the present has been notoriously deficient in
this respect. The drill Services being considered in these

pazes are the following and in this order:

1. Osburn Grade II
2. Osburn Grade III
3. Osburn Grade IV
4, Osburn. Grades II, III, and IV (combined)

Published by Houghton 1Iifflin Co.

5. Clapp Grade IV
6. Clapp Grade V
7. Clapp Grades IV and V (combined)

Published by Silver Burdett & Co.
8. Hillegas (lorace lann Supplementary Arithmectic)

Publisned by J. B. Lippincott Co.

In the results tabulated and graphed in Charts
LT, XTI, LTI, and IZGXIII, are also given the results
of the Clapp Analyses of the two texts before mentioned and
known as Texts A and B. By means of these chartis easy cou-
parison may be made between the findings of the Clapp Study

and those of the present one.
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Tt would serve no purpose to include here the ac-
tusl 57,000 and more combimstions, or any large part of themn,
thaet go to make up the numerous examples of these several
services. However we are giving the combinations in addition
of the Osburn Book for the third grade as an example. '.See
Chart VI. An attempt will be mede then to carry through the
work in succesive steps by charts that follow that of i 6, in
order to make clear to the reader the nrocedure followed in

this study in its entirety.
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Chart VI.

Additicn Combinations - from Csburn III,

(But one page of such included here.)
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The combingtions, a few of which were given on the
preceding page are next tabulated as shown in Charts VII and
VIII on the next two pages. From these tables, they are
pathered together and recorded in another similar table.
5ee Chart IX, To interpret this last and other charts of the
same type throughout this work, note that the numbers above
the diagonals are read from top to left as 149, & total of 38
times; 346 a total of 14 times. The numbers celow tne diag-
onals are read from left to top as , ¢+1, a total of 16 times;
6+%5, a total of 18 times. In every case the upper addend rep-
resents the number of primary or basic combinations, while the
lower addend represents the number of decade or secondary
combinations. Of course the sums are the total numbers of
combinations involving the particular digits. The reader is
referred to vages 1 to three inclusive for a complete summary
of the »rimary combinstions.

Only in addition has any distinction been made be-
tween primary and decade combinations. Aan interesting coin=
parison might be made between the relative frequency of ap-
pearance of primary and decade combinations, but such falls
outeide the scope of this study,

The totals of the various combinations were next
tabulated (Chart X) each in their prover guartile according
to the Clapnp Order B of DLifficulty.

Order of bDifficulty B, as we have alrezdy seen, has reference
to the functiongl difficulty of the combinations. It has to
do with the difficulty of combinations as they are wmet in ex-
smples as is the case in text book work, Hence comparisons

are made with the Order B of Difficulty and NOT with Order
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A, which has to do with cowbinations only when presented

singly, and when the automatic response is wheat is sought.
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Chart VIII.
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Chart IX.
J / 2 | 3 ~ | 5| &€ 7 | £ <
I 3/ /6 A /3 /3 /7 /e A /G
2 7 /0 g )2 10 70 T &
| L7 28 | Ly | L = L8/ | L i &
G /% /i iy |57 i i " $|357 |27 5 |77 E 5775 )
7 A 70 2V a2 TF ‘e 37 7
70 39 A 1 /3 /¥ /3 /7 /3
v 7| e S| vl for L2 0| 1 iz) 14 fro| 2 | LA
f 1y 2\ 4 13\ 53f 13|28 tlas 18|72y 20|27/ 15|24/ 2% |2
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1Y 4y 1L \3Y L2718\ 18 11 |7
5 /s ¥~ 29 57
7 26 4 # A
“t 9 Syl L2 fs|22 o) L2/ /S
18/ 1 2/ 18 |29/ 156/ 4|7
5 13 2/ 27
/T 17 740 3
27 /7| 12 /3 15 3] 22
3 |5/ |2/ 7 257 7|73
g fa: s
75 y,
FVAK: 2
LL g 2 /
> 15/ 7/
/1 *f
4 -
Y 0|77 Number of Various Combinaticns as
q
¢ Found in: OSBURN III ADDITION,
0 1=
¥is

Eelow diagonals: 'Read left to top.

sbove diasgonals: Head top to left.

Lower sddends represent the number of decade cowmbina-
tions,

Upover addends represent the number of primary combi-

nations.
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Chart ZX.

Csburn III Additicon

T —
B

Comparison with Clapp Crder of Difficulty - B (decreasing crder)

Quart 1 TFreq Quart 2 TFreq Quart 3 TFreq (uart 4 IFreq

44+G 24 1+3 29 446 32 3+ 14
C+6 16 8+ 27 247 29 1+0 o
G+7 29 o+ 29 o Bta 18 641 20
&+ 6 28 7+8 24 6+5 55 TEL 13
6+9 29 2+2 26 1+2 27 C+7 18
%4+Q 25 3+6 14 543 2 O+ 4 28
548 26 8+ 26 245 30 C+3 1
e 20 T4 21 2+4 29 442 21
5+¢ 23 O+ 4 oy o+3 13 240 L
&+5 30 1+¢ 38 5+6 24 3+0 g
G+ G 22 L+4 24 T+3 20 C+5 22
Y+b 23 1+8 a2 5+5 24 440 5
A+ 8 25 248 32 443 27 0+8 22
2+ < 26 2+Y 28 6+0 & &+2 17
T+6 21 2+6 22 8+4 GH | 542 22
248 25 245 17 Etd 2d 540 5
T+ 26 ¢+5 18 1+1 28 4+] 23
6+6 26 1+4 3 &+ 1 20 i+ 4
Lt 32 1+5 49 E+4 19 241 29
648 27 1+7 37 2+3 25 O+1 16
S+ 217 C+2 20 O+¢ 13 o+l 15
G+ 22 44-5 18 0+6 24 048 R4
C+73 | S+ 4 16 e 19 g+ C 4
C+ 8 1% 6+2 19 0+1 52 8+C o
&+¢ 25 1+6 G 3+1 11 G+C 13

615 66" 57 413

7% 29% 25% 18%
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In Chart X, we note +that the total number of coum=-
binations falling in quartile I is 615. In the second, third,
and fourth quartiles, they are respectively 667, 573, and 413.
Feduced to percentages the combinstions falling in quartiles
I to IV are respectively 27, 29, 25, and 18, Here we have
regults pretty much as they should be; especially would this
be so, were the totals of Quartiles I and II interchanged.
Compare this showing with those of the Clapp Study in ..ddition
- either Text » or I - where it is readily seen that many less
combinations fall in Quartile I (the most difficult) than any
of the otner three guartiles, and many more fallin Quartile IV
than any of the other three. S5aild in other words, in these
two texts, the easiest combinations are given much more drill;
the most difficult combinations, much less. In the case of
Jsburn III, more drill and practice is allotted to the hardest
combinetions and less drill to the least difficult ones,

Ve have used Osburn III - Addition - as an example
as said before, to illustrate the procedure followed hereimn,
Commencing on page 28 each of the several Services are taken
up one by one by means of tables and charts only, as just shown
in the case of the one used for illustration. 4t the end of
eachh section, results are shown graphically as well as numerice
ally. 411 deductions and conclusions however are reserved
until the final pages;

In the case of division, a somewhst different chart
wes necessary for the tabulating of combinations. The form
as appearing in these pages seemed to meet the reguirements
best. It is as will be seen, guite similar to the one already

made familizar and will not need further explanation.
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Chart XI.
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Below diasgonals: Head left to ton.

Above diagonals: kead top to left.

bee page 21,

Upper addends represent the number of privary combi-
netions.

Lovier addends represent the number of decade combina-

tions.



Osburn IT __addition.

Comparison with Clapp Order of Difficulty - B (decreasing order)

1

Chart XII.

9. -

Quart 1 TFreq Quart 2

449
9+6
6+7
S+6
6+9
3+9
5+8
7+9
549
8+5
o+9
7+5
4+8
2+9
7+6
3+8
T+
6+6
447
6+8
o+7
8+3
o+3
8+9

1+3
8+
o+
7+83
2+2
3+6
a+3
T+4
8+4
1+9
4+ 4
1+3
2+8
3+
2+6
2¥5
g+5
1+4
1+5
1+7
Ch 2
445
3+ 4
6+2
1+8

007

Freq

14

14
18

13
13

13
13

15
11
13

14
16
13

181

267

Guart 3 Treqg

4+6
o417
6+5
6+5
1+2
543
2+5
244
343
5+6
43
545
4+3
6+0
S+4
5+4
1+1
S+1
6+4
2+3
0+9
0+6
T 42
O+1
41

11
13

12
14
13
13
14

14
11

16
14
15

135
10

16
15
12

234

33%

wuart 4 TFreg

342
140
6+1
741
O+
U+4
0+3
4+2
240
340
0+5
440
0+8
B8+ 2
5+2
5+0
4+1
7+0
2+1
O+1
5+1
0+2
9+0
5+0
0+0

13
13
12
14

g
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13
13
18
Ll
13
Lk

9

£ En
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Chart XIII,
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3 Number of Various Combinations as
Vi 5 found in: CSBURN II SUBTRACTICE.

Below diagonals: Kead left to top.

Above diagonals: Head top to left.

See puge 21,
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49

Chart

pSubtraction.

Osburn IX
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Comparison with Clapp Order of Difficulty - B.(decreasing order)
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Chart XV.
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bee page 21.

Number of Varioug Combinations as

in: CSBEURN II FULTIPLICATION.

Heged leit to top.

Head top to left.
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Chart XVI.

Osburn II ultiplication.

Comparison with Clapp Order of Difficulty -2, (decreasing order)

i R A - e - e T P

.

guart 1 Freq Quart 2 Freq Quart 3 Freq yuart 4 TFreq

0x2 2 %0 2 4x6 P 2x1 2
vx4 - X3 2 4x4 < Rx2 4
S 7xb 4x7 6x0 P
8x6 6x7 axl 2 3x3 2
8x Ox%6 6x1 2 B8x2 2
7%6 6226 5%6 o B8xl 2
0x5 2 5x1 2 2x0 1 1x0 2
x7 b 6x4 2 6x3 2 dx4 a
6% ol 5x%9 12 2
7x8 i 4ol I 2 23tk 2 a8

4x8 4x0 2 oxl 3 4xh 2
(%8 2 026 2 5x'7 1x8 1
x4 gx9Q ox9 1x8 “
Sx0 2 Cx3 433 2 2x6 2
8x'7 3x0 2 3xT 2 133 2
7%x9 49 2x4 2 Tx2 2
8x4 'ixQ 2 6x5H 1xb 2
6x2 2 ¢xb 5% 3 2 2x5

%9 2 8x5 5x0 P2 el 2
G Ox4 & 1x1 ] 2x7 )
Ox 2 9z 2 dx 2 1x6

6x8 B2 2 . bxd P 1x7

0x 2 Bxh 2 25 - 1x4 2
8x9 5% 6 XSG Hx2 “
833 2 Hx8 42 A 0x0 2

20 26 39 48

15% 20% 29% 36%




Chart XVII.

34,
swumber of Various Combinations as Found in:
OUSBURN II DIVISION.
Hed figures in body denote dividends.
Top row of digits are divisors.
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Chart XVIII.

Osburn II Division

Comparison with Clapp Order of Difficulty - B.(decreasing order)

Guart 1 Freq uart 2 Freq uart 3 Freq Quart 4 TFreqg

4217 123 5 3

54+9 24+6 4 454 5

50+6 32+8 0+3 5

287 o+4 5 S+3 B

L €43 5 5+5 v

1 :5-:":(: 4 L‘-;- - :_J

10+5 4 {5y 3

42 4 U6 &

5 6 12+6 /) C+b 17

b} 8BS+ 5+1 3 6+1 3

J 426 15+5H 3 0+8 3

H6-+-8 18+€ 4 Y21 3

162 3 6<=6 7 U+ 3

24+8 4 R0+5 5 8+1 3

12+8 242 2 2+] :

16+4 3 10+2 4 G+l =

557 20+4 2 6-+3 7 842 2

oL+0 30+5 400 U+& 5
186+3 4 14+7 a 548 4 4
1543 3 1442 3 gt gl

L5+5 25k 4 12+4 S+1 -

486+ 6+2 5
e 32 ©2 ES




Chart XIX,
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Selow
Above
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nations.
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tions.

diagonals: Kead left to top.
diagonals: nead top to left.

addends represent the number of primary combi-

addends represent the number of decade combing-

See page 21.



Chart ZX,

Csburn III Addition

Comparison with Clapp Order of Difficulty - 2 (decreasing order)

Quart 1 Freq Quart 2 Freq Quart & Freq G(uart 4 Freq

449 24 143 29 4+6 32 342 14
G+6 16 8+7 27 o+7 27 140 9
G+ 29 5+7 27 6+3 18 6+1 20
&+6 28 748 24 6+5 33 741 13
6+9 29 242 26 142 27 O+ 18
2+C 2 3+6 14 B+3 =2 U+4 28
548 26 O+ 3 26 2+5 30 0+3 31
"+C 20 T+4 21 4+ 4 2¢ 4+2 =1
5+ ¢ 23 o+ 4 22 o+d 18 240 12
&+5 30 149 a8 5+6 24 >+ 0 9
C+C 22 d+4 24 T+3 20 C+5 27
745 23 148 42 5456 € i 440 b
i+ 8 25 2+8 Bé 4+3 2 O0+8 P
240 26 >+ 28 6+0 e 8+2 15
74 € 21 o+ 6 22 &4+4 Sl 5+2 22
48 25 3+5 17 544 23 540 5
G4 26 S+b 16 1+1 20 447 1S
&+6 26 1+4 D6 8+1 =20 “+0 d
447 3L 1+5 4.9 644 1e 2+1 ~2<
648 27 1+% 57 2+3 20 G411 16
G417 27 C+2 20 0+9 [ b1 I
&+8 22 445 18 0+6 e U+2 S
EL 21 o+ 4 16 T+2 1e S+ 0 4
S+8 17 6+2 15 O+l b &40 <
O+ G 25 1+6 3¢ 341 11 G+C 11

615 667 BYE 413

7% 29% 25% 18%




Chart XXI.

38.

0 / r» | S| #|Ss5| ¢ | 7| £ 7
1/ 7/ & 74 1’ Vi =y 7 /0
7 7 A WLU 79 F¥ St 15| Svo ‘7
f’ ’3 /6 13 /5 // s ' 4 & 20
3 2 71\ /7 / AW AW
45 )0 /0 VA 4L s 2 70
7 b 6 /9 é el /3" 7
15/ \\ s/ |73 'L = 5 ' 27
é _ ¢ A 78 g 7/ ' 9
s |17 7/ I 3 X ¢ /|7
9 7 7 & J¥
/3 9 2 r 33
¥ 6 20 y
7 7 A 535,
S|\ e 5| S5
7 p # 9,
i 4 1/
/ & #9,
/0 Humber of Various Combinsticns as
Y, 7 found in: OSBURN III SUBTRACTION.

Below diagonals:

Above diagonals:

See page 21.

Head left to topn.

Hesd top to left.
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Chart XXII.

Osburn IIT Subtraction

- Comparison with Clapp Order of Difficulty - B (decreasinz order)
Guart 1 TFreq CQuart 2 Freg Quart & Ireq Quart 4 Fregq
11=3 7 6=3 9 10-1 6 17-8 6
16-¢ 5 6~6 27 ¢-2 11 G=5 1b
Sy 11 13-6 12 ¢=g 17 18-9 i
11-4 g 2=2 49 Cmi 12 7= 20
14=-9 b & £E-8 20 10-3 Z S=1 &
- 6 11-5 13, 13- 6 h=9 14
C=-1 B G4 &1 12-7 10 1-1 4G
1b=-¢ 12 10-7 15 w7 7 =3 6
¢-0 v 12-85 & -6 G 10-4 13
11=-2 4 8-1 6 6=1 6 T o 2 15
11-% 10 14-6 & S=0 & 4=0 12
15=5 12 o1 o] 2=-0 11 dat ()
13-5 E 11-8 16 14-8 11 5<0 3
16=7 6 14-7 4 12-8 13 EaB 28
L= 10 -1 6 12-3 6 11-6 L5
14-5 é ) 15 G- g Ko =5 1.5
13- b Gl 6 L= 9 5=3 65
1U=2 ) 18=6 8 12=-5 6 bem 3 ¢
13-9 11 -5 15 16=8 & b B
la-4 & 2=1 11 a7 20 1L=-6 15
o= 9 (=5 € L5 10 L= 18
U=d 12 E=2 g &-6 14 1e=-¢ 1]
6-C 6 15=17 5 6-5 19 1u=-8 1A
(=3 2 Y2 12 1=0 1u 18=-6 | =
LY=C 5] 12-4 ( 11-G 11 v=0 k
224 304 262 435
187% 257 210 365%
—




Chart XXIII

Number of Various Combinsticns as

Lelow
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3 /a. f /73 Ve £S5 "?0 23
7 5 3 9 riH S ’9 i
- 9 4 7 ’5" 5 A
A YAV AV AV AVLIVZE
3 é A /0 f /v
S g 3 9 /0 g
- 4 57 g 3
“ /0 3 A 6
% ¥ 4 7
3 AVaAvd
¥ A 3
 VAAVE,
'l W R
g

found in: OSBURN III MULTIPLICATICN.

— ——— o

diagonals: Read left to top.

diagonals: Head top to left.

See page 21.
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Chart XXIV,

Osburn IIT __ lultinlication

Comparison with Clapp Order of Difficulty - B. (decreasing order)

Quart 1 Freq Quart 2 PFreq CGuart 3 Freq uart 4 Freq

0x2 2 8x0 15 4x6 15 2x1 3
Sxd 17 Tx3 14 4x4 5 exe S
Gy 1.7 7x5 19 4% 11 6x0 20
8%6 21 6x7 20 Faxl o] %3 7
3x8 15 9x6 21 6x1 ®) 5x2 5
¥ -0 26 6x6 16 3%6 7 83X 5)
0x5 3 Hx1l 3 2x0 6 1x( 4
07 3 x4 9 633 10 Sxd 7
6%9 20 Tx7 18 5x Y 19 1x 3]
X3 24 7% 3 2x8 10 5x8 12
&8 19 4x0 10 9x a3 435 ]
0x3 2 0x6 2 B! 3.8 1x9 10
7 22 Ox9 18 3x9 10 1x8 i
Cx 1 ox3 15 4x3 6 2x6 g
8x" 18 2x0 i 3x7 13 1x 2
Vx 20 4x9 13 x4 b Tx2 ¢
8x 16 %0 B 6x5 14 1x5 8
62 g ox5H 2( bx3 10 x5 8
0x9 2 8x5 156 5x0 e x5 10
O3 8 21 Oxd 2 1x1 5 2x7 5
0x3 2 Ox2 10 4dx1 ! 1x6 %
6x8 22 Sx2 o Hx4d e 137 1.0
Ox1 B2 5x5 1.2 2x3 4 1x4 4,
23x9 21 5x6 13 2x9 8 5x2 .
8x3 & Hx8 15 ax2 6 Lx0 2

223 181
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Chart XXV,

42,
Lumber of Various Combinations as Found iun:
OSBUEN III __ DIVISIOE.
Red figures in body denote dividends.
Top row of digits are divisors
ON [ e S ~ Y T N Y S N
i~ ! I~ o ~—
o B BN = B S S ~ e S
\% N SN b NS Y N
S 3 l? :‘i t }\‘ i) o 3‘
NS ™~ = b \» N ™ o N 3
N
> ® ~ D 3 & 3 : & 2
AN T NN NN S & SIS
= 3‘ s 3 ¢ 8 ; 3 A
h '1‘;"]\9.!‘} '1"‘?&")-).
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uart 4
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JXVI,

X

quart 3 Freqg

Chart
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2

uart
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)
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Freq
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[

uart 1

Conparison with Clapp Order of Difficulty - B.(decreasing order)
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Chart X¥VII.
O\ /7 |2 |3 |+ |S|e |7 |82
¥ s/ § ¥ & G 5 A 7
;'Z'Jz”rff”’/0,21’”5{{5{&/?—{‘—’/312;-7/_{
g ?13_’253'__1{4 L1/, 5 P\ 5|5 13| 7,5
7/ ré 25 7/ £33 3Ja 726 Fa
s ¢ A 2 .-
fﬂ‘;3i?fi-'7’:7f-g43f_é Ay Sy A W B
3 G13% 4 1913235 |29 v 5 s\ 5 1|25 15| %
T Z g 2.0 Vg 26 26 Fe /
=d 7" 7 ¢ ¢ 4 ¥
Y WAC VAR YA Y AP TALTACYAL
7 | 2137 % \15/ 6\ v A5 12 |77 F |35/ 22 |5
7 %0 231/ 23 ?$f i /8
2 /6 7 A 7
?f3f—f?ﬁ4_’?_’i—fﬂ/$2§_{f£
¢ WY 2T Ly 17 2312 122 4 |25
7 27 2/ 2§ ~50 27
/0 20 3 4 5 7
2 S 27 ST 07 S |2 S| g S| 18
o WA AT A
vl >4 23 27 23
/8 AN s » N 5
39 |13 S o S| 1% e wt
“ 2 5533 57,/23)76/55 |7
/3 30 27 57
z AEAEAZ
| 2% Sy 2 /3
3 3‘7?'{_5_25;/5'3 /6115
L L T7 ) T
/0 ?/g 7
|12 S| 2
B3/ 9155/ 37 | >
/& 2]
& &
L Ae| 1% S _ . ;
/|2y " §|2¢ Number of Various Combinations as
P
£ Found in: OSBURN IV  ADDITICN.
0 |5
Below diagonals : Read left to top.
Above diagonals: Fead top to left.
Upper addends represent the number of primary combi-
nations.
Lower addends represent the number of decade combing-

tions.

See page 21.



Chart XVIII

Osburn IV sddition

Comparison with Clasp Order of Difficulty - B (decrea&ing order)

Guart 1 Freq Guart 2 Freq Quart 3 Freq (uart 4 Freqg

4+<Q 21 145 o2 4+6 29 3+2 18
2+5 350 &1 7 247 28 1+0 14
6+ 206 H5+% 8 6+5 28 6+l 27
O+6 22 7+8 23 6+5 28 T+l =20
6+¢ 22 2+2 A 1+2 30 O+7 24
340 29 5+6 2 b+2 2% U+4 S
5+8 S4 5+3 13 2¥b 535 L3 59
749 15 7+4 25 2t+4 59 442 27
54C 23 S+4 L8 ot 5% 3 240 16
S5 26 1+9 36 5+6 2 3+0 12
g+9 17 444 258 "Y+3 23 O0+5 S
T+5 21 1+8 D& 5+5 25 . 4+0 13
445 o0 2+ 6 19 4+ 3 27 C+8 =l
2+9 29 247 2 6+0 i g3+2 20
7+6 18 =+6 2 8+4 o6 o2 23
3+ 3 23 3+5 20 b+4 23 5+0 9
i 24 b 23 1+1 20 441 30
5+6 25 1+4 24 5] G+1 29 T+0 s
4+7) S4 145 4% 5+ 4 o0 2+1 Ay
5+8 18 147 B 2+3 ] O+ 1 26
c+7 =6 C+2 23 0+9 19 5+1 49
&+ 8 22 4+ 5 24 U+5 A Oo+2 59
o+ 19 S+4 138 2 28 9+ 0 11
4+ 5 2 6+2 2k O+1 22 E+0 13
3+ 9 18 1+8 50 S+1 12 U+ 0 13

580 631 653 550

e
»

26% 27% 235




Chart XXIX.

Below diagonals:

sbove diagonals:

cee page 21.

o |/ | 7|3 |~ ||| 7| F| <
=i; 7 5 5 7 7 /4 7 ’é
G 7 AV g 12| S8
& 7 & 70 ’f 7 7o
r 5 /3| S ¢ 70 g 7/
i g s 7 /|« 2 3
g S| S /¢ 7
4 5 /Y 7 7
6 7/ 6 7 /3
K § 7/17 /] ¢ 4
5 3 // & /o
/% 3 4 3 /3
a 2.5 70 y
~ 3 7 § /5
i 4 /0
5 7 /| #
/3
7 3 /3
1.3 Number of Various Combinations as
g 7% Tound in: OZBURN IV SUBTRACTION,

Read left to top.

Head top to lert.
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bttt i
J '-._.z‘a__e{ =

Chert

Subtraction

Usburn IV

iculty - B (decreasing order)

with Clapn Order of Diff

Commnarison
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Below diagonals:

Above diagonals:

See page 21,

Head left to top.

Read top to left.

Chart XXXI.
o\l 7| 2| S| 4| s| e |7 F| 7
i £7 7 7 /) ¢ 8 4'_7 2E S v/ &5
7 /0 1/ 6 274 7 5 16| fro Y
3 13 5 I3 V4 7/ 26 >4 /| 2o
‘? ¥ H /0 5 /0 £ et /G 7/
7 & o /1 7 £/ 2 3/ 25 /] /e
/4 7/ Vil R 7 2o 40
3 % 7 7/ /8 /| 14 28
é 5 /3 4 /0 & S
Y 'L 13 4 7/ 14
g 70 ' & 7 v )2
4 /3 7! 1Y /0
. Y &5 g9 /f
3™ 7 6 /0
IRVl 7
0 e 6 5
6 7
B KA
5 Lumber of Various Combinations as
) 4 found in: OSEURN IV MULTIPLICATION.
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Chart XXXII.

Osburn IV IIultiplication

Comparison with Clapp Order of Difficulty - B.(decreasing order)

Quart 1 TFreq <quart 2 Freq Quart 3 Freq 4uart 4 Freq

072 2 8x0 24 4x6 18 9%l 7
Ox4 17 73 15 4x4 10 0% 3
G 20 7x5 20 4x'7 12 6x0 8
5%6 19 6 18 3x1 0 5%x3 10
8x8 20 9x6 16 6x1 13 8x2 3
Tx 20 6x6 25 3x6 e 8x1 10
0x5 2 Hx1l 8 2x0 : 6 1x0 5
0x'7 3 6x4 18 6x3 10 3x4 12
6x9 29 7 16 5x%9 18 1x2 6
7%8 24 ey 11 2%8 5 3%8 13
4x8 1 4%0 12 <l 11 4x5 11
0x8 3 0x6 3 5x%7 13 1x9 L7
x4 17 9x9 15 3x9 1.6 1x8 13
9% 0 10 Gxd 19 4x3 11 2%6 L.
8x7 11 3x0 8 33" 8 13 s
7x9 18 439 12 x4 254 o 12
8x i 70 14 6x5 19 1x5 12
632 9 oxbH 15 xS 3 255 13
0x9 5 23xb 21 5% 10 3x5h Q
9x8 21 0x4 2 1x1 5 X7 9
ex3 2 cx2 6 4x]. 5 1x6 9
3328 23 3%2 't 5x 3 i 10
Ox 2 5x5 14 DXD 3 1x4 13
8x9 22 H%x6 14 2x9 v 5x2 8
8x3 1.0 5%5 i 4x%2 g 0x 4

358 344 258 247

28% 29% 22% 21%




Chert XXXIII. 50.
Number of Various Combinations as found in:
OSBUKN IV DIVICION.
Red figures in body denote dividenas.
Too row of digits are divisors.
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Chart XDV,

Osburn II, III and IV  Addition

Comparison with Clavp Order of »ifficulty - I (decreasing order)

Quart 1 Freq Quart 2 Preq QGuart 3 Freq GQuart 4 JFreg

44+C 45 1+3 75 i+ 6 61 52 4b
9+6 48 a+7 44 2+ 66 1+0 56
6+ EX5 o+7 45 6+3 59 6+1 5G
8+6 50 7+8 4% 6+5 61 T+l 4%
6+¢ 51 2+2 69 1+2 89 ot7 ol
3+9 54 3+6 49 5+3 63 O+4 5
5+8 60 8+3 &4 2%5 8 0+3 33
T+G 55 T+ 4 46 2+4 5 4+ 2 61

549 48 C+4 a0 B3+3 : 2+0 40
S+5 56 1+9 V4 B+6 b2 340 32

o

S4+9 3% 4+4d 6d ! 46 0+5 72
7+5 44 143 &Y otD &9 £+ 0 29
4+8 < 2+8 ol 4+3 63 O+ 8 52
249 51 3+ o6 6+0 26 8+2 3

T+6 o 2+5 b 8+4 &' 54 60

348 igs! Z45 50) 5+4 62 540 29
T+7 & 9+ 5 473 1+1 5o a+] 5%
6+ 6 5L 1+4 Va5 5+1 Gd 7+0 23
a4+ 50 1+5 LOY 6+4 RS 2+1 75

9+8 59 6+2
8+¢ &3 1+6

O+1 Vs 5+0
at1 4.2 0+0C

6+8 3 8K, g 32 _+3 5 G+1 )
G+ hd 9+2 43 0+9 42 5+1 o'
8"‘8 addi 4+5 483 u+B 52 ut2 "5
9+3 (0 5+4 4 T+2 5 9+0 2
5]
2

WO G

1195 1479 1460 1253

227% 27% 27% 23
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Chart ZXXVI,

Osburn II, IIT and IV Subtraction

Comparison with Clapp Order of Difficulty - B (decreasing order)

et i e o o e

Quart 1 Freq GQuart 2 Freq Quart 3 TFreq Luart 4 Freq

11-3 16 6-3 22  10-1 g 17-8 13
16-9¢ 14 6=6 39 -2 27 8=5 31
Emd 33 15-6 20 -8 <0 18-9 16
11-4 12 2=-2 69 Cmd 56 % 33
14-9 19 £-8 356 10-3 12 el 21
T=0 20 11-5 19 13-7 14 Hu D 51
0ul 1Y E=d 25 13-y 18 9% ] 66
15-¢ 21 ; 02 ) 21 Bl 25 B3 1S
€ () 27 195 Y V=6 R2 10=-4 25
11-2 11 E=1 16 6-1 16 Tl 35
31«7 20 14-6 20 3-0 26 e 33
15-8 PP Bwl 1% 2 -0 30 42 36
13=5 15 11-8 24 14-8 17 8=0 15
16-7 in 14-7 11 12-8 1€ 5=5 45
(= 33 7-1 16 12-3 14 11-6 23
145 12 . Cm6 2¢ =2 34 10-5 16
13=-8 Q4 4wl 1% 8-3 29 33 76
10-2 12 15-6 15 12-9 13 4=3 20
13-¢ 1¢ 7=5 36 16-8& 19 bedi Ve
13-4 11 2-1, 26 G 42 10~ 29
-0 2K 7=3 18 =5 29 Za2 B4
B-d oy 8-2 23 G=6 2N 10-9 16
E=0 s 15-7 16 6-5 o8 10-8 P
C-3 04 7=2 2% 1-0 <8 12-6 91
17 -9 e 12-4 15 11-¢ 19 C=0 2

" B01 593 605 T

20% 249, 249 31%




Chart XZEXVII,

Osburn II, IITI and IV Iultiplication

Comparison with Clapp Order of Difficulty - B. (decreasing order)

D - S—

Quart 1 Freq Quart 2 JFreq GQuart 3 Freg Quart 4 Freqg

0x2 6 820 47 4x6 35 Sl 13
4 nr )

ox 34 T3 5 4x4 17 2x2 15
ox7 B 7x5 39 4x7 23 6x0 50
8x 40 6x7 58 3%l 12 3x%3 19
3x8 35 Yx6 37 6x1 24 Sx2 15
7%6 46 6x6 41 3x6 20 8x1 &7
0x5 % 5xl 13 2x0 13 1x0 231
Ox7 a8 6x4 29 6x3 22 B3 23
63 4.9 7x7 Hé bx9 37 1x8 1.3
o &8 Txl 16 =x8 20 3x8 25
4x8 30 4x0 24 Ox1 22 435 21
Ox g1 0x6 7 5x7 28 1x9 28
x4 1 9x9 53 3%9 26 1x8 22
9x0 25 9x3 37 4x3 12 2x6 2
Bx7 2% 3x%0 {3 S 55 o 13 ‘
x 38 4x9 25 2x4 13 Y )
8x4 33 7x0 1e 625 D 1x5H 20
6x2 20 9x5 &b 5x3 =0 2x5H 21
0x9 i 8x5H Raif 5x0 21 Jxh 21
ox8 - £33 Ox4 5 Iz 14 D% e
0x3 6 9x2 La 4x] 10 1x6 14
628 45 3x2 1B bxd 12 . o HH
Ox1l & bxb 28 23X 17 1x4 19
5x9 43 5x6 32 . 2x9 15 5x2 LY
8x3 20. bx8 27 4x%2 17 0x0 3




Chart 00IVIIT,

Osburn II, III and IV Division

Comparison with Clapp Crder of Diffieculty - B (devreasing order)

guart 1 Freq L{uart 2 TFreq fuart & Freq (uart 4 Freg

9
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L0 ) 1%
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llost qifificlt com=
&
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amount of

22
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Chart XXXIX.

lven this
L 1

27

binatior

27

LR i

Osburn II,

LI

III gnada IV addition,

gmount off

Least aifffi

25

com=
1 this
1 ;

Comparisons of percentages of frequency of appearance of com-

binations with Clanp Order of Difficulty - L.



Chart XL,

==
Lost difficylt com- Least difficullt coin=
binatjons given this binationg givep this
amouni of dyjill. amount of drilllL.
20 24 24 31
Juartile I 1T 11T v
Osburn II, III and I¥ Subtraction.
| —

Comparisons ofi percentages of frequency of appearance 0l coOm=

binations with Clapp Order of Difficulty - E.



Chart XLI.

llost ¢ifficplt com- Legst difficult com-
binatjons glhven this binatiols gzivdn this
amount of dpill. amount {f dril}l
20 29 22 20
Quartile I IT III v
Ugburn II, III and IV . tultiplication.

Comparisons of wnercenteecs of freguency of awvpearances of com-

binations with Clapp Order of Difficulty - B.
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Chart XLIT,
Most qifficphlt com- Least diffficult comn-
binatjons ghven this Linatiorgs givdn this
emounty cof dfill,

gmount of drill,

24 25 29 22
Quartile I i 34 i LER Iv
Osburn II, III and IV Divisgion.

Comparisons of percentages of frequency of appeararnce of com=-
binationg with CI

ann Crder of Difficulty - B
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Chart XLIII,

“* 7
2§ w38 78
32 ez A9|32 /7152 fe| X2
A ENVEE
G 71
WA YA
J ‘)‘-—-—-—
Y 20\7767706 175,
$3 174
gr 4 90
3 5| 4 i . . . .
/ Ay Number of Various Combinations as
74
0 g{ Found in: CILAPP IV ADDITICHN.
757

Below diagonals: LRead left to topn.

Above diagonals: FEead top to left.

Unper addends represent the numiber of primary combi-
ngtions.

Lower addends represent the number of decade combina-
tions.,

See page 21.
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Chart XLIV,

Clanp IV Addition

P S ———

Comparison with Clapp Order of Difficulty - B (decreasing order)

guart 1 TFreq QGuart 2 ZFreg Quart & IFreg OQuart 4 Freg

= |

449 41 1+3 114 iat+6 o o2+ 2 32
G+ 6 B3 847 46 2417 70 140 76
3+7 50 547 45 6+3 85 6+1 192
G+6 51 7+8 40 6+5 56 741 74
6+9 35 2+2 118 1+2 116 O+7 449
549 54 346 59 543 32 O+4 107
5+8 47 8+3 €0 2+5 82 0+3 e
T4+G 25 P4 4 D44 8¢ 442 100
546 35 9+4 44 3+3 04 240 55
5+5 57 1+9 80 2+6 45 3+0 46
9+9 35 4+4 87 743 48 0+5 79
745 41 148 YO b+5 49 44 45
4+3 4.3 248 71 4+3 ol U+HE 46
249 H2 A4+ 55 8+0 4.0 8+2 108
V46 40 246 77 8+4 59 5+2 10%
3+8 49 L4 5 59 544 S0 540 B2
T4+ a5 ¢+5 45 1+1 131 4+ 162
6+6 e 1+4 118 5+ 120 740 40
4+ 51 1+5 108 6+4 5V 2+ 174
648 46 1+7 92 243 91 C+1 Se
G () 9+2 64 0+9 34 5+1 116
3+8 a8 445 69 Ut 6 58 U+2 122
C+3 £ 3+4 17 7+2 63 9+0 O
9+8 40 6+2 114 0+1 151 840 42
3+ A 1+6 81 3+1 “8  0+0 5

1136 1875 911 2120

19% 31% 155 355




Chart XLV,

37 40 39 FH 34 37 3t 37 |33 7

b/ 39 /|50 36 53 /|39 rys cpet S| 22
5F Y9\ 4| 36 +F S5 ST/ “+&

Hs 3% HO 5 3g 33 3o +9
350 35| 47 35| /5é G/ ¢S

57/ 43 st flapap Sl 2§ S 33 I
#7 323 53 35l /59 S

SN0

sy Jlas S\ »8 /138 /|3v /]| 3>
oF 3§ 39 £/

G
\
3

37 H$S 3% 3/ 13
&F 35|/ ¢l /55

27 3 /137 /|33
So| /43 7¢

L 7 4#d

9,
77 .
19 3
/ ¢l Humber of Varicus Combinations as
J L4 Found in: CLAPP IV SUBTEACTICN.

Below diagonuls: Kead left to top.
Above diagonals: Read top to left.

See page 21.




Chart XLVI.

Clapp I¥ Subtraction

Comparison with Clapp Crder of Difficulty - £ (decreasing order)

Guart 1 PFreq Quart 2 Freq Quart 3 Freq {uart & Freg

7=0 50 5

11=-3 31 €= 58 10=-1 29 17-8 44
16-¢ 31 €= 54 -2 59 g=5 €8
g=-4 48 ERGE 44 -8 70 18=-¢ 53
11-4 45 2= 40 -4 42 =" S
14-9 S - 4z 10=3 A S=1 435
13- 2 C=i 48

12=7

il

e
&
O O P
I
BN~ ENHNOCWw N o

3
6
&
2
8
=5 a5
4
7
8
1
¢
1
&

Gl 58 - 40 1-1 38
15-¢ 3% 10- 45 - 46 E=d 39
¢=0 40 18- 28 -6 65 10=-4 48
11=2 2% G- 2¢ -1 33 Tl L6
11=-7 52 14- 48 -0 56 4=0 68
15=8 49 5= 38 -0 77 4=2 66
13=5 58 11-8& 38 la-8 53 =0 o2
16=7 20 14="7 39 12-8 50 5=b 32
=g 25 71 35 12=3 &E 11-6 23
14-5 52 9-6 46 6-2 0d 10=-5 4%
13=-8 46 4=l 35 8=3 o6 5=3 535
10=2 4d 15-6 53 g 39 4.3 55
13-9 : -5 61 16-8 41 4=t 58
13-4 1 2=1 54 e 48 10-6 5
5-0 ! T=3 35 C=b 47 Gmi 76
Smd 1 E=2 42 £=6 71 10=¢ 3%
E=0 4% 15=9 34 6=-5 Bl 10=8" 61
G-3 Y /] 47 1-0C 66 12=6 L4
17 =8 12=4 52 11=C 40 C=C 64

D) 1011 1179 11¢3

22% 23 % R7 % 27%




64.

Chart ZXLVII.

|

q “+7 so| S| S| S5 S| S 39 /37| o
144 55/ 55\ et/ 51 |38 S| «& /|
{ SH Sl Sor| 45| S6 S| S sF| S s| S50
4 ss \s7/\ w9/ | %49/ | #¢/ | +2/ | +4
7 “$5 73 73 /57 6/ s0 F4t
17 Ner /Nse 55157/ 144/ 3
4 48\ S 74/ 76 s3/ es|\/ 57
N e 157,/155/1 52/
S SH /bl /76 69/ 66
i ¥ S\ 74\ v /| 7o 79
45 75\ /87 70
3 ';,7 63 L4 67
AV AV
3/ ¢7/ | 77
o sE| 7
5 33 /77
“+9 Number of Various Combinaticns as
J q Found in: CLAPP IV MULTIPLICATION.

Below diagonals: Head left to top.
Above disgonals: Read top to left.

See page 21.



65.

Chart XLVIII,

Clapp IV Multinlication.

Comparison with Clapp Order of Difficulty - E.(decreasing order)

Quart 1 Freq Quart 2 Freq Quart 3 TFreq Quart 4 Freq

0x2 31 8x0 b2 4x6 5% 9% 7
Ux 45 7x3 5 X 79 o% D Ve
£x? 3 %5 50 4dx - 49 6320 48
8x6 45 67 42 3x1 84 Ex3 67

8x8 44 9x6 39 6x1 "4 8x2 62
Tx6 54 6x6 45 HR6 55 Hx1 66
0x5 20 oxl 30 2x0 b8 1%0 £9
Quc'? 18 6x4d 65 6x3 53 x4 vae;
6x9 44 Tx7 44 5x9 40 13 69
%8 L5 Tx1 ) 2x8 55 BxE 52
4x8 4% 4%0 45 Ge 50 4x5 50
0x8 14 0x6 17 Gy 46 1x9 41
134 372 ox¢ 54 3x9 a3 1x% 5]

$x0 ¥ ox3 42 4x3 10 2x6 56

87 50 3500 59 3x7 a9 1x3 (6761
Tx9 40 439 4.4 2x4 2. e ) V5
Sx4 65 730 48 6x5 5l 1%5 G4
K& 76 Sxb 44 B3 69 2x5 59
Ox9 4 8x¢ 58 5x b2 3x%5 55
Cx8 40 Ox4 25 1x1 7 2%9 5%
(6,05 27 €x2 42 4z01 L3 1x6 61
6x8 283 dx2 72 Bx4 56 Ex? 55
Ozl 53 bx 50 2xS &k 1x Vi
8x9 26 5x%6 44 2x%¢ 47 5x2 76
8x3 a5 5%8 5 422 & 0x0 ]

1015 1222 1539 1480

19% 235 297% 28%




Chart XILIX,
lumber of Various Combinations as Tound in:

CLAPP IV DIVILIOL

Hed figures in body denote dividends.
Top row of digits are divisors.

3
07. J n 9p) Q W N b4, ¥ g R
\ 4 ~
-~ B v 3 P b s & —
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Q ™ Q o i
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Chart L.

Clapp IV Division

S

Comparison with Clapp Order of Difficulty - B. (decreasing order)

fuvart 1 TFreq Quart 2 Freq Quart 3 Freq Quart 4 Ireq

AC=T 14 42 ) 12+3 19 O+l 30
E4+6 15 54+9 16 24+6 19 424 )
454G 12 50+6 12 i8+8 17 Gl SA
275 18 28+7 14 &4 Re e 20
56-+7 13 24+3 19 U3 19 E+5H 19
P 18 27+¢ 13 12+2 19 O=+4 18
pEr il 18 6448 17 16+8 16 G+ 135
56+6 16 51+¢ 14 10+5 16 0= 29
L3+6 19 H6+¢ I3 Lk S1 U+6 15
48+6 156 18+6 15 1246 16 0+5 15
21+ REPS 657 1< 5+1 18 61, L'
18+2 234 43+6 13 15+L 1< 0+ 13
213 12 56+8 i 5] J6+€ 13 1+ #G
H56+4 20 16 14 G+6 13 L 16
1R+ 14 2458 1a 20+5 15 8+1 16
63+9 LA 723+8 1 258 = Z+1 =1
L0+ 15 16-+4 186 102 =1 0+l 23
IGIEE A 07 20+4 17 655 20 E+g 20
DT 4 G 0=5 1l 40+5 ) U2 “a
36+5 LD 1a+7 16 &8 14 £ 1.5
18+3 G 14+¢ 1% e 14 1 16
15+3 19 B25+h L6 12+4 b B5+1 14
45+5 LRSS 6y <0

273 229 23 3




Chart LI.

g? ey, TT b Fad : ' - .
/ e XA, Tumber of Various Combinatiocns as
g3
75 i i R
O Rrice TFound in: CLAFP V ADDITICH.
77

Below diagonals: kead left to ton.

Lbove diagonals: Head top to left.

Upper addends represent the number of primary combi-
nationsg

lLower addends represent the nuwber of decade combine-
tionse

Eee page Z2l.



Clanp V

Addition

Comparison with Clapp Order o:

Chart LII,

wuart 1 Freq Quart 2 Freq Guart Freq guart 4 Ireq
atQ o 1+3 118 446 &% 5+2 81
G4 6 L4 S+ 43 =247 65 1+0 O
647 48 B4 46 543 59 6+1 i3]
O 6 5e 7+8 36 6+5 66 ¥ s i 71
6+9 S4 242 137 1+2 120 O+ 54
540 4@ 345 65 E+3 88 U+ 4 109
548 48 8+3 06 2+5 ol U+3 110
749 By T4+ 5o 244 94 442 103
5+¢ 348 C+4 49 243 61 240 53
45 5% 1+9 315} b+6 47 4540 51
C+ 0 20 444 &7 Tt+3 42 0+5 56
745 Bl 1+8 21 545 63 4+ 0 i
448 £33 248 6¢ 4t 3 ete] 0+8 Ha
949 4, 347 51 6+0 42 8+2 112
46 0 246 69 S+ 4 G 542 111
348 52 3+5 5¢ 5+4 T 5+0 58
47 59 C+5 &' 1+1 14 L4l 182
G+ 6 645 1+4 113 8+1 160 7+ G 59
A4 4% 1+5 111 6+4 (s 2+1 203
6+8 25 1+7 o¢ 2+d 112 C+1 @
C47 235 c+2 55 0+6 34 b+1 A
a+8 21 445 65 0+6 61 O+2 12¢
C+3 53 344 76 s 62 g+ 0 58
o+8 4.2 5+ 9 104 O+1 158 8340 0
349 0.5 1+6 G S5+ 1 o i C+0 /i

'il

e
e
=2
w

20
0

0
<




Chart LIII.

0.

Below diagornals:

Above diagonals:

See page 21.

Read left to top.

Head top to left.

Ol 7|2 | 3|« | 6| 7| £ 2
43 S\3§ S\ #v/ 3+ /35 /|39 /13> /|+7 /3¢ |3+
“ “4o| /3 S 4 33| S 47 $4o0| fS3| S#3 T A
73 24 /\ 51 S\ 35 |\ 47 /|5 39/ «s5 /|37
§ | I\ 29 s /39| /4| s S 7 | S5F
o #3138 /1 30/139/|3&/ 9/ +&
7 S4| 35| S| SO3H| SS9 S5S| S7s
#49 V49| 4t/ #1423/ |33 /| 3¢
@ S| /38| Ss6| /45| /63| /¢o
- 187 37 79, L0 34~ 35
J Y ENVERYLYIVLY
L[5 *% 33 /133 /|37
(| /##| / §o| /57
g 30 /3% /| 35
v 72\ /30| / 9/
77 33 47,
W\ /bS5
3/ 7
74 Number of Various Combinaticne as
e 7 Found in: CLAPP V SUBTRACTION.




N

1

Chart LIV,

Clapp V Subtraction

Comparison with Clapp Order of Difficulty - B (decreasing order)

cuart 1 Freq - uart 2 IFreq Guart 3 Freq GQquart 4 Freg

11=3 30 6=3 48 10-1 31 17 =8 45
16-¢ 32 6-6 & €-2 42 E=5 55
=i 42 13-6 41 C=8 66 1E=-9 36
1l=4 44 2=2 42 g-4 47 V=" 28
14-9 35 56-8 37" 10-3 28 -1 50
e 54 11-5 5% 15-7 20 ) 54
G=1 32 B=d 63 12-7 38 1-1 39
15-¢ 39 10-7 &0 5= 58 5-3 477
¢=0 40 12-5 29 V-6 75 10=4 55
11-2 33 8-1 29 E-1 35 " - 59
11-% 4.2 14-6 Ll 5=0 ) 4-C &2
15-8 5 =1 41 2=0 <0 Lm &0
13=-5 40 11-8 46 - 14=-8 45 =0 4%
16=7 28 14-7 3¢ 12-8 51 b=5 58
¢t 32 7-1 35 12-3 32 11-6 40
14-5 34 (-6 B3 6=-2 56 10=6 %0
13-8 35 4-1 a4 &-3 30 3-3 35
10-2 3 15-6 33 12-¢ 42 L= BY
13-9 %4 7-5 55 16-8 3¢ bl o)
13-4 2-1 65 G- 4% 10-6 4
£=0 2 V=3 34 Coub 40 3=2 €7
B dl 26 S-2 51 G- € 70 10=-¢ 4.3
€=-C o1 15-1 36 3-8 €0 10=-8 3
C=3 -2 40 1-C Y5 12-6 44
1= g 12-4 K% 1l=¢ 38 C=0 )




r?g'

Chart L1V,

Below diagonals:

Above diagonals:

tee page 21.

O | 7 r | S|4 |\S || 7| £ 2
7 13 47 /| 4346 S\ 47 /137 44/ +1 ] %0 Ara
%5 | Seo| S5 ST 49| S| 3| ol S s
2 S\ Se /| e/ /| S0/ | S4N\46 /| 46/ |43 /1T 7
'3 Ay AV A VSTV AV AV E Vs
/! e Ney S\s5/ 53/ | 55/ 4% /| +§
7 LMWV RVEN IV VAV EE
4 16 N os/| 53/ er/\5¢/\ 57,133
ss| 54| /81 | e /69| /53
5 26 S\ 728 179/ ¢7/| 55 /163
é3| SroH /83| /73| /75
2495187/ 77 /147
7 67\ /11| S04 /ST
L 77 7/ 86/ 53
7 ST\ 109 /G0
20 96 /1717,
Y\ 5| S
7 2§ /198
43 Number of Various Combinations as
ag 77 Found in: CIL&PP V MULTIPLICATIOHN.

Read left to top.

Head top to left.



Chart L¥I

Clapp V Iultiplication

Comparison with Clapp Order of Difficulty - L. (decreasin: order)

guart 1 Freq Quart 2 Freq Quart 3 TFreq GQuart 4 Freq

0x2 20 8x0 64 4x6 58 2xl 180
Gxd £9 Tx3 59 4xd 39 2xX2 119
97 A0 755 50 At 53 6x0 55
8x%6 52 6x'7 48 % o8 107 3x3 83
5x%8 59 Cx6 350 6x1 84 8x2 e
7%6 55 6x6 53 3x6 62 Bx 83
Uxb 20 Bl 102 2x0 95 10 6%

)7 11 64 66 63 62 ox4 77

6x9 4.4 TX7 48 5x9 39 X2 ¢6
7x%8 43 7x1 79 2x8 61 5x8 50
&uth 54 4%0 67 ox1l 60 4x5 56
0x8 1.4 Ux6 16 5x 55 bid®] 4

734 G 0x9 49 3x9 46 1x8 56
%0 8 Ox A 423 a2 2x6 a3
837 59 3x0 58 3x7 55 1x3 o7
7xS 41 4x9 AN x4 37 7%2 5
5x4 T 730 55 6x5 53 1x5 T
622 3] x5 AT 5x 7% 2x0 s,
Uxg 13 8xd 61 00 63 3x5 &7
¢x8 s Ux4 94 1x1 48 g 51
Ux3 17 Ox2 59 4xl g i e 1x6 55
6::3 3Xx G 5x4 78 1x7 56
uxl 25 ox5 53 2x3 86 1x4 95
Gx Ay ox6 o 2x &3 ox2 33
8%x3 51 5x8 &5 4x2 108 0x0 11




Chart LVII.

Number of Various Combinations as Found in:

a\

CLAPP V. DIVISION.
Hed figures in body denote dividends.
Top row of digits are divisors.
N S S S L N S S N R N
) o 3 Y X "a py ~
& N D - ¥ r s < = s
% T4 b O w oYy
[ Y /m o 0~ e e LA ”ur. JvM
: [ NN -
w % N &S 5 N - 8
A
SN A O L S S A A A
3\ y b ® N -~
3 K B 2 u Y 3 S N 3
8
N i 3 NI &9 g NI
\ o
R % s 3 2 8 : 3 s 3§
™~
5 “hR A i
~ SR
L' 23 s3R8%
Q % Mmoo
4 " N 5 2 NI QR ol
% ,.V :
R S L * 3 s %
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15,

Chart LVIII,

Clapp V Division

Comparison with Clapp Order of Difficulty - k. (decreasings order)

Quart 1 TFreq vuart 2 Freq {(uart 3 Freq quart 4 Ireq.

B

14 42+ 15 1233 32 ¢+l 14
15 54+C 16 246 1¢ L4 38

LQT
04+6
LE

L=

L 5+8 14 30+6 14 5248 18 C+3 29
27+3 6 287 13 S+-4 o0 K6 57
3 17 DA+3 19 e+3 26 o+0 30
2 15 271 =€ 20 1242 21 U+4 19
Z 2l G4a+3 1€ 16+0 Q4 L@ 18
ot 15 G1+9 14 10+6 34 el 14
15 3649 1.7 A2 L4 0+6 20
14 1846 18 256 28 G5 14
19 63+7 e &+l 20 6+1 21
17 L8+6 L6 15+5 1¢ ¢+8 20
Q4 £6+8 16 18+9 19 141, 26
15 16+2 16 656 26 Do 17
14 2458 18 20+5 18 81 17
3 4 s L5 2482 4.3 21 24
40+8 ! 16+4 a0 102 5. Gl al
GEd 20+4 2¢ 6+3 D 842 &
S+ &0=5 =1 405 1.8 C+=2 1
35+5 147 14 8+8 245 4], 2
1843 14+2 2e 7 16 '] 2
15+5 L5+ 1€ Ria 63 &=l 2
Lbh+h 3+ e

362 607

cn
=

20% 21% 52% 27%




6

hnert LIX

Clapp IV and V Addition

Comparison with Clapnp Order of Difficulty - £ (decreasing order)

Guart 1 Freq Quart 2 Freq guart 3 Freq Guart 4 IFreg

44 G 6895 143 232 4+8 108 2+ 163
¢+6 o7 8+% 89 o249 135 140 159
&+ &8 o+ 7 g2 6+3 1686 5+1 353
8+6 110 7+8 76 6+5 122 Yl 145
6+¢ 69 2+2 265 1+2 256 O+ 101
3+9 101 3+6 124 543 170 O+ 4 216
5+8 e0 S+3 186 245 183 0+3 199
T+Q 73 T+4 106 2+ 4 163 a+2 203
5+¢ 73 O+ 4 &3 3+3 115 240 111
3+5 114 1+9 165 546 SO 240 o
C+9 65 L4 174 V+3 €0 0+5 145
7+5 ¢ 1+8 181 545 112 4+ 92
448 103 2+8 140 4+3 190 0+8 100
2+¢ 10 3+7 106 E+0 52 S5+ 220
+6 - 96 2+6 146 S+ 4 144 5+2 220
340 10 3+5 118 5+4 154 540 110
T+ 54 945 92 1+1 273 441 554
5+6 94 1+4 23 5+ 230 7+ 0 Ias
447 08 1+5 219 G+ 4 133 241 307
6+8 cd 147 191 245 203 O+ 1 142
o+ 77 o+2 119 0+9 68 B41 243
S+ 8 89 4+5 134 Ut+6 119 o+2 ROl
O3 102 3+4 131 ) 125 G40 70
G+ 8 82 6+2 218 O+1 308 540 82

22176 2792 2986 43584

11% 28% 297 335
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Chart LX,
Clanp IV and V Subtraction

Comvarison with Clapp Order of Difficulty - B (decreasing order)

Quart 1 Freq Quart 2 Freq Guart 3 Freq Quart 4 Preq
11=3% 61 6-3 86 10-1 60 17-8 89
16=-¢ 63 6-6 70 C-2 8l G=D 103

S <0 1%-6 85 Caf 136 lo=-¢ 6%
G ge F=-2 62 Cmd 89 -t 57
14-€ 69 &-8 79 10-3 58 =1 £3

‘1-0 104 11-5 "2 1&=1 58 L2 102

C-1 61 6-4 122 12=7 78 1=1 78
15-¢ 6 107 85 &= 104 H=3 86

9=-0 &0 12-5 57 -6 140 10-4 103
11=-2 60 8-1 08 6=-1 68 X 115
11-% 74 14-6 90 e 12¢ Lm0 1560
15-8 ©0 D=1 "9 a0 167 G g 146
13=5 e 11-8 t15) 14-8 100 C=C g9
16=17 K4 147 8 12-8 101 E-5 10

L= 59 T=-1 70 12-3 64 11-6 g2
14-5 66 Cmg ¢9 6-2 109 LC=5 &6
13-8 "1 del 19 E=3 5 5=3 6
10-2 e 15-6 66 12=-¢ &1 Lo 112
13-9 6o 1=-5 116 16-8 650 L=d, h
13-4 G4 2-1 11¢ Gt gl 10=-6 100

5=0 125 T=d 62 Gm 5 g7 5=2 167

5= 1% 8=-2 93 &= 141 10=-¢ &0

6=-0 €8 15-4% 69 (CIge L2k 10-8 134

Ced 6 =2 8% 1«0 141 “2=-6 &b
17=-¢ e ( 12-4 65 11=-¢ 8 0=C 133

1996 2060 2424 2492

22% 23% 27 % 28%




78.
Chart LXI.

Clapp IV and V. Multiplication.

Comparison with Clapp Order of Difficulty - B. (decreasing order)

Quart 1 Freq Quart 2 PFreq Quart 3 ¥Freq Quart 4 TFreq

0x2 51 8x0 116 4x%6 115 2x 204
Lixd g4 i o s 116 dxd 168 2x2 139
ox'? 7Y x5 100 4x'? 102 6x0 103
8x6 o 61 1210) axl 191 Sxd 150
8x8 u6 9%6 78 6x1 158  8x2 135
7x 109 632 98 3%6 LLY axl 149
0x5 45 Hx1 182 2x0 153 1x0 112
07 29 6xd 134 63 115 dx4d 147
B¢ 88 Tx7 o2 5x%9 TG 1x; 165
738 3¢ Txl 1562 238 116 K fo's - 102
4 98 430 112 Ox1 110 4x 105
(x8 28 0x6 33 bl 104 1x9 88
7x4 126 Cxb 76 TRl 39 1x8 111
€x0 %5 9x3 &S] 4x3 162 2%6 139
8xY 102 5x0 117 S 104 1x3 150
79 31 439 G1 2x4 169 Vi, 148
834 135 - 70 103 6x5 104 1x5 142
62 157 ox5H 9l 5x3 142 2x%x5 138
0x%9 22 8x5H 119 5x0 115 3x5 122
Cx8 75 Ox4d 49 1x1 175 b of 118
Ux 44 Cx2 94 4zl 199 Ix 126
6::8 34 dx2 162 bx4d 144 1%% 121
%1 681 5%5 113 2x3 150 1x4 169
Ex9 76 5.6 101 2x9 84 5x2 159
8x (o] 5x8 o7 43e 193 0x0 20

2065 2595 33058 5312

18% 23% 30% 29%
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Chart ILXII,.
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Clapp IV and V
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80.

Chart 1XIII,

Yost difficdlt com-

‘ Least diffficullt com-
binatipns given this binationp given this
amounty of diyill.

amount of drilp.,

17 28 22 33
Quartile I 11 11X v

Clapp IV and V Addition.

Comparisons of percentages of frequency of appearance of com-

binations with Clapp Order of Difficulty - E.



Chart 1XIV.

liost ¢ifficylt com= Legst diffficuljt com-
binatlons glven this binatiorge givdgn this
amount of dfFill, amount off crill,
22 23 27 28
Quartile I 32 1 11X v

cla'{)p Iv &::.Yld. V Su-btrf:lfot iOI’l
Comparisons of Percentages of frequency of appearance of com-

binations with Clapp COrder of Difficulty - B.



o
o
-

Chart 1IXV.

lost qifficylt com=~ Least dfpifficult
binatilens gjiven ithis combinafions kiven
gmouny of dyill. ' this ampunt of
arill.
18 23 30 29
guartile I iT ITT Iv

"

Clapp IV and V, iultiplication

Comparisons of percentages of frequency of appeararce of conbing-
tions with Clapp Crder of Difficulty -L.

83.

Chart LXVI



liost diffficul

COIf=

binatiorfs givdn this

amount Jf dril

Quartile I

L

Chart ILXVI

2d

ix

Clepp IV and V

30

ITX

Division,

83.

Least dfiffic

combiniEions
this ampunt
arill.

a7

uh@
J%lven

v

Comparisons of percentages of frequency of appearance of com-

binations with Clapp COrder of Difficulty - E.



84.

Chart IXVII.

d /| P |8 || S| e 7\ | 2
z o / Iy 73 7 /3 /2 TR
0 _& 0 o = g i > 3
7 7%\ 15 4| L\ 7\ s 7 F |\ 7 A 7S
g [ I 75 77 y7a 77 7 7
}“ *3 ‘9 q 7 7 /8 A 3 /5
f_._ U 5548 /09|22 A15120 6| e 1N 22 /05| & fg| .S
L Y 35|71/ 28177 19 |7/ 16\ L 57/ 5 |7
> /0 50 4:5"" #J f\}? 38 Vb -7
3/ / g 7/ 14
?7 /s /e 2 S| L o.g A s ¢ A% 70 /12
e ks I A AV A VTR by 7 ATV A S
/0 793 37 40 1/ ¥4 27
APV AL Y VL
2 5| _L 33 22 K T ) =S S| -
é 15/ 413 _'::z“';fé/? 12y 28| 7 k|52
‘7 YJT' 5 35 K73 28
o< / /6 /3 /3 Va
-2z /%2 /17| 2240 7 /19| 2 fru| 2%
S |5/ 4 |33/ |79 39 39/ 22|37 56| *
5 31 e ¥ G
3 22 /5 /3 /7
724 “7 Ax| 78 Al 2L A X
# — _?_ 1,:}'—"_13,} 34{4_}
7 Yot T2 #3
. 7 /7 /7
\3 2l f__‘?r( 77\ 70 A 22
o 4|3/ 5 \5577%57
/1 “¥o PG
VAR,
3 =77 2%
4 77, .;’.-37 37| %%
74 G4+
5 16
s |z A2
*Y 5713 Number of Various Combingtions as
Z - -~ "
b4, Es Found in: HILILEGAS ADDITION.
I,
Eelow diagonals: Head left to top.

Above diagonals: Lead topto leflt
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Chart LXVIII.

Hillegas Adoition

Comparison with Clapp Order of Difriculty - B.(decreasing order)

GQuart 1 Freg Quart 2 ZFreq Guart 3 Fre. GQuart 4 TFreg

4+C 18 143 33 4+6 24 342 pAY,
C+6 § &) 8+ 28 247 23 1+0 19
6+ 21 ot 186 6+3 5] 641 55
a+6 26 ‘48 21 6+5 28 7+1 22
649 17 242 ) 1+2 37 O+ 22
3+9 18 546 e 5+3 &2 . O+4 29
548 15 3 4% 245 54 0+3 25
740 12 T+4 21 P o4 4+2 36
540 12 G+ 4 17 B+3 27 240 14
845 28 1+9 350 ut6 26 3+0 12
0+9 15 it 4 41 T+3 20 O+5 21
745 2k 1+8 32 5+5 X3 440 1 2
4+ 8 17 24+ 8 29 i+3 43 0+8 12
£ No) 28 347 16 6+0 19 8+2 4
Y+ 6 =21 246 24 344 51%] 5+2 45
348 21 3+5 20 E+d 5 H+0 5
747 23 S+ 5 13 1+1 ab 441 L4
46 30 1+4 29 8+1 50 “+0 10
4+7 19 1+5H 29 6+4 38 249 6 4k
6+8 eds) 1+7 52 2+3 27 S+l el
G+ 1.8 G422 29, 0+9 12 5+1 5]
848 A1 A4+ 5 25 v+ 6 18 U+2 28
0+3 .5 I+ 4 sS4 T+2 27 9+0 s
O+3 14 6+2 45 utl 35 8+0 Lo
8+9 20 1+6 a3 A | 20 U+0 L2

495 699 720 654

199 27% 28% 295




Hillegas

Subtraction

Comparison with Clapp Order of Difficulty - B (decrewsing order)

Chart LXX,

87.

guart 1
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Chart I12C(I.
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See page 21.
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Chart ILXXII.

Hillegas Fultiplication

Comparison with Clapp Order of Difficulty - Z.(decreasing order)

—_— e = = e B

gquart 1 Freq 4Quart 2 Freq Luart 3 Freq quart 4 Freg

0x2 5] 6x0 '/ 4 34 2x1 28
x4 38 "1x3 28 4xd 30 P A 37
Ox' 34 7xDb 34 4x7 41 6 5
3x6 39 65t 30 el 40 A%3 45
8x8 38 0. 32 6x1 31 8x2 28
Tx6 36 6x6 54 Ix6 34 8x1l 25
Ux5 : 5 ox1 27 2x0 21 1x0 4
Ox' 10 6x4d o2 6xd o1, >x4 31
6x9 &2 X7 45 5x%9 32 1x2 16
'7x8 A3 7x1 30 2x3 33 548 36
4x8 33 4x0 24 Ox1 25 4xb 33
Ux 11 U6 11 bx 29 1x9 5.
Tx 33 ¢x9 39 3x9 38 1x8 26
Ox v cx3 A9 4x3 25 2%6 36
3x7 38 5x0 25 5% 38 1x3 20
7x9 4.4 4x9 38 2x4 37 Tx2 215)
8x4 286 7x o] xD 29 1x5 21
6x82 23 Sxb 39 e 29 2x5 25
0x9 15 B8x5 33 5x0 6 s K32
34 57 Ox4 12 1x1 14 2x" 29
3 9 Gx2 265 dx 57 1x6 29
68 45 d3x2 58 5x4 27 1x7 =6
0 4 5D 26 2x3 43 lx4d 28
8x9 ah Hx6 29 2x9 S4 Hx2 £2
8% 28 5x8 29 4x2 46 00 i




Chart [ XXIIT, 90.
Tumber of Various Combinations as Found in:
HILLEGAS  DIVISION.
Hed figures in body denotve dividends.
Top row of digits are divisors
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Chart LXXIV,

Hillegas Division

Comparison with Clapp Order of Difficulty - B.(decreasing order)

Quart 1 TFreq Juart 2 Freq G(uart 3 Freq 4Luart 4 Freq.

c+7 19 42+ 17 1243 10 g+1 4
46 16 5440 22 24+6 16 L+l L0
50 19 S0+6 15 SR 18 U+3 14
v
G

Db >

7 +3 16 287 17 B+4 26 3+3 54
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3 13 54+ iRY; 16=8 1< C=0 23
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Chart ILXXV.
liogt diffficull com=- Least difficullt com=
binations givén this binatio givep this
amount df drill. egmount off drilll.
19 27 28 25
Quartile I 1T III iv

Hillegas A4Addition.

Comparison of percentages of frequency of appearance of com-

binations with Clapp Order of Difficulty - E.
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Chart LXVII,

Most difficylt com- Least deficuﬂt com
binatjons given this binatichs given
amount Jof drill. this ampunt of
drill.
24 25 28 23
Guadrant I II Ty v

Hillegas lultiplication.
Comparison of percentages of frequency of apvearance of com=-

binations with Clapp Order of Difficulty - L.
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Chart LXXIX. g

Percentages of Frequency of Appearance of the Combinations in

Drill Services by 4uartiles

For these same results grandhically, see churts on the next four
pases,

2.3 Text Text
2 & 4 4 4 5 4,5 A B

Usb OUsb Csb Osb Clasp Clavp Clapp Hilleg Clanp Clapp
Stucy Study

Add.
Guad 1 00 279 24 22 19 15 1% 1¢ 1 14
2 26 29 26 27 Sl 26 28 2% 6 29
3 35 25 27 27 15 28 22 28 20 17
a 41 18 23 23 b 31 33 25 34 40
sSubt.
Guad 1 16 18 24 20 22 22 22 20 12 14
2 26 25 22 24 23 23 23 31 17 16
S° 29 21 27 24 21 27 27 24 2 28
4 28 36 2% 31 27 26 28 25 44 42
}.:ult .
CGuad 1 156 32 28 29 1¢ 17 18 24 3% 15
2 20 29 2% 29 23 23 28 25 . 23 24
3 26 21 22 22 29 30 30 26 =20 2
4 36 17 21 20 28 30 29 23 40 30
Div.
guad 1 8 30 26 =4 24 20 2 P! 12 10
2 14 28 27 2b 21 21 21 P I 20
) 40 26 26 29 2% 38 30 30 25 20
4 38 16 20 2 A 2 2 24 a6 o0
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If my reader has followed through carefully the
numerous tables, etc, as found in Charts XI to ILJOGIITII; even
if he has hastened overtiem and contented himself with but a
cursory review of the final grephs, there is but one conclusion
at which he can arrive. One must be impressed with the fact
that in every case the Serviceg analyzed make & much better
showing than did the texts studied by Clanp. This 1s not say=
ing that certain of these Services do not make & better showing
than others; 1indeed, that such is so is very evident at first
glance, But that there may be unseen influencing fectors
entering in to disturb what would have been otherwise a gradual
decrease in the length of the graphical bars of the four guar-
tiles in certein instances is perhape the after thought on a
moment's reflection, Whether or not such is the case we ghall
see presently.

But if what has been said is true, that the texts
we have anazlyzed show a considerable imvnrovement over Texts &
and £ analyzed by Clavnp; as a second conclusion quite equal
in vieight with the first, it will not bLe denied that there is
still room for consicderable improvement in more than cne in-
stance.

Turning btack to the four charts of graphical results
- Charts IXXX, ILXOXI, LX:XII, and ISHXIII, let us see what
they have to tell us in detail. The same is told numerically
by Chart LiXIX, These graphs, as has been explained represent
the percentages of frequency of appearance of the combinations
of the particular service. The first of each of the four bars
renresents the percentage of combinations felling in the first

guartile which it will be remembered in our scheme is the quar-
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tile of zreatest difficulty. In the same way, the last of
each of the four bars represents in percentages the number of
combingtions falling in the fourth, or quartile of easiest
combinations.

Commencing with Osburn II and following through
the addition, subtraction, multiplication, and division charts
we are struck by the fuct that in every case, according to the
bars, the most difficult combinations apvear less frequently
and the leasgst difficult cbmbinations appear much more freguent-
ly; especially marked is this, for instance, in addition,
where of the mosgt difficult combinations, there is not even one
appearance, But is this not as it should be for Grade II?
liost certainly it is, that isif any of this formal arill is to
e introduced as early as the second grade; but we doubt very
much the feasibility of this entire procedure so early, and
the Tourth Year Book of the Department of Superintendence just
opublished sustains us in this opinion.

fuite the reverse condition is found in the re-
sults of the two succeeding books of tﬁis series.

Lleferring to the fourth set of tars of each of these four
charts,, we have before ué the results of the ihree Tooks of
the series suwmmarized. In multiplication, at least, condi-
tions are quite ideal; while in the other three operations,
if not quite as sutisfactory are still meny times better than
was the case with Texts o and B with which comparisons should
be made constantly.

Taking the Clanp Series next, separately and col-
lectively, we note results not guite as satisiacltory as were
those of Usburn. In the case of multiplication, for instance,

in the Osburn Series = combined - there is & gradusl decrease
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in the length of the bars from the first to the fourth as we
should desire. But in the Clapp Series - combined - there is
& gradual increase, rather than decrease, in the length of
tnese four bars in multinlication. wven the casual observer
will recognize perhans yet other discrepancies.

Put as hinted before, perhavns there is some other factor enter-
ing in here, which we may discover later, and which does not
enter into the CGsbhurn beries,

Now turning to the Hillegus tervice, it is apparent
that there is not the wide divergence in the length of bars,
from what would be the median bar, whether it be the upper oz
lower ones. This indicates a somewhat more stanle number of
combinations, on ithe whole at least, allotted to each of the
four guartiles of relative difficulty of the combinautions ace-
cording to the scheme of Clapp which we repeat again is so
fundamental to this study. Here as elsevhere, we should have
expected a somewhet heavier allotment of combincetions to the
first two guartiles. This would have been indicated in some-
what longer bars of the first quartiles with & corresponding
decrease in length of the lines of the third and fourth gquar-
tiles.

But it bears revetition that in the case of every-
cne of the several books anwulyzed, the results are much more
zratifying than were the conditions found existing in the texts
studied by Clanp. That one or other of our Services apparcnt-
ly meets our stundards better than do the others, is but saying
again what has been pointed out already in wnother wuy.

Here the reader is referred to = statement on page
16 which at the time probably appeared innocent enoush.

But it has considerable beuring on the matter at nand.



104.

There it was said that the present study has involved & hand-
ling of & grand total of L%, Y30 combinations, and of whiech
the Fillegas Book furnished ¢,06¢, the Csburn Series 11,484,
while the Clapp Series furnished 37,177 combinafions.
«“e see that Clapp was working with more than three times azs
many combinztions as was Usburn, and with more than four times
&as meny as Hillegas. Usburn makes a rather good ghnowing ac=
cording to our standards with his 11,000 combinations.
To do as well handling 37,000 combinations, the task oi Clapp
viould have been tremendously grester. Using almost 2500 few-
er combinatione than did Osburn, Hillegas certainly makes the
noorest ghowing by far of any of the three - again be it un-
derstood, according to the stendards ve have set un herein.
loreover and very worthy of note, in both L coks
of Clapp (Grades IV and V) anzlyzed herein, he has introduced
no less than thirty-nine pages of concrete or statement vrobe-
lems which would no doubt to no smell extent increase his task
in allotting to the more difficult combinations the greater
recognition, And even more, he has introduced six pages of
beginning work in fractions in each of the four operations,
which desvpite almost anything e could do would tend to throw
the aligﬁment off. Neither Hiilegas nor Osburn offer any
work at all in either concrete osroblems or work in fractions.
On the other hand, Csburn has given over entirely
cne of his books to the very beginning work in the four opera-
tions thus necessitating for the time being a much heavier use
of the easier combinations. But as we have seen, teking his
series a8 a whole, the results have not been apnreciably af-

fected even Ly this.
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A8 was said at the outset, the tendency in text
books in arithmetic of the past, and even quite up to the pres-
ent, has been to give much more drill and practice to the
easiest combinations and much less drill to the more difficult
combinetions. It was «s stated at that time our task to de=-
termine which, if any, of the more modern Services in Drill
in the Fundementals was most nearly approaching the ideal con=-
dition, Everything considered, it is our Jjudgment based on
the evidence as presented that the Osburn Zeries most nearly
conforms to this standard, with of course the reservations as
suggested. The Hillegas Book, especially as we recall the
comparatively fewer combinaticns used, approaches this ideal

less nearly of any.




