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An Analysis of S ever &. l Hecent Drill Services i n Aritbme tic 

or 

An Inves t i ga tion into the Amount of Drill Given to t he Various 

Comb inations - According to their Rele. ti ve Dif f iculty. 

There are one h und.red primary or basic comb inations 

ea ch in -addition, subtraction, and multiplication; and nine ty 

in d ivision . They are,in addition, t h e following direct c om-

b ina tions with their reverses: 

0 1 2 3 4 5 6 7 8 9 
Q 0 0 0 0 0 0 0 0 0 

1 2 3 4 5 5 5 5 5 
1 1 1 1 1 1 1 1 l 

2 3 4 5 6 7 8 9 
2 2 2 2 2 2 2 2 

3 4 5 6 '7 8 9 
3 3 3 3 3 3 3 

4 5 6 7 8 9 
4 4 4 4 4 4 

5 6 7 8 0 
"' 

5 5 5 5 5 

6 ? 8 9 
6 6 6 6 

7 8 9 

----- 7 7 7 

8 9 
8 8 

9 
9 



2 . 
In subtra c t ion they are tlJ.ese: 

1 8 - 9 1 ? - 8 1 6- '7 15- 6 1 4 - 5 
1 '7 - <;:. 1 6- 8 15- '/ 14- 6 1 3 - 5 
1 6- ~ 15- 8 l Ll - ? 1 3 - 6 1 2 -5 
1 5 - ~: 14- 8 13- ? 1 2- 6 11- 5 
1 LJ.- S 13- 8 1 ~~- ? 11- 6 lC,- 5 
13- 9 1~2 - 8 11- 7 10- 6 C· ~=; _- ._, 
1 2 - 9 11- 8 1 0- '7 S- 6 G-5 
11- 9 10-e 0- '7 e - 6 7 - 5 
1 0- 9 S'- 8 0 - 'I '? - 6 6- 5 
s - s· 8- 8 '7 - ? 6-6 h r-. v -v 

1 3 - Ll 1 2 - 3 11- ~Z 1 0-1 s- o 
12- ± 11 - 3 10- 2 9- 1 8 - 0 
11- 4 1 0- 3 Q- 2 B-1 '1 - 0 
10- 4 9- 3 0 c-) 

o- r~ '7 -J 6- 0 
c;- 4 8 - 3 '7 - 2 6-l 5-0 
8 - Ll 7 -3 6 " - "' 5-1 Ll-0 
'7 - 4 6- 3 5- 2 t1-l 3-0 
6- 4 5- 3 11 n •,: 1 2 - 0 -;;; - ~ ._,-_,_ 

5-4 4 - 3 3 - 2 2-1 1 - 0 
!J:- 4 3-3 2 - ~2 1-1 0-o 

In multip licat ion, they ar·e the f ollovJ ing comb i nat i ons Vi i t f.i. 

the ir reverses: 

0 1 2 .3 t1 '5 6 '7 8 9 
0 0 0 0 0 0 0 0 0 0 

1 2 3 4 5 6 ? 8 (. 

"" 
1 1 1 1 1 1 1 l 1 

2 3 4 5 6 7 8 0 
"' 

_g_ 2 2 2 2 ') 
h, 2 2 

3 4 5 6 ? 8 9 
3 3 3 3 3 3 3 -

4 5 6 '7 8 9 
4 4 4 4 4 4 

$ 6 7 8 S? 
5 5 5 5 5 

6 7 8 9 
6 6 6 6 

7 8 9 
7 '7 '7 

8 9 
8 8 

9 
9 



3 . .. nd i n division: 

O ...:... '! . -'-- 1+1 ~~ +1 3+1 4 +1 5+1 6+1 '7+1 8 +1 9 +1 

0 +2 2 +2 4 +2 6+2 8 + 2 1 0 +2 1 <) ...:_C) 
'-' . "-' 1 4 +2 1 6 +2 1 8 +2 

0 +3 3 +3 6 +3 S+3 1 2 +3 1 5 +3 1 8+3 21+3 24+3 2'1 +3 

0 +4 4+ 4 8 +,1 1 2 -i--4 16+11 20+4 247 L1 28+4 32+4 36+ 4 - 0 + 5 5 +5 1 0 +5 1 5 +5 20+5 25 +5 30+-b 3 5+ 5 40 + ;:; 4 5 -:-5 

o -:-6 6 +6 1 ~~ +6 18-:-6 2 1d: + 6 30 +6 36 +6 4 2-:-6 £18 +6 54+ 6 

0+'1 . 7. +7 1 4 +7 2 1+7 28 -:-'/ 3 5 -:-? 4:2 +'7 4S· +? 56 -:-'7 63 -;-'( 

0 +8 8 +8 1 6 -:-8 2L1+13 32 +8 LlQ -7-8 48-:-8 56 -:-8 64 +8 ·; 2-:-b 

o...:...c . - S+S· 1 8 + 9 2?+9 36 +9 45 -;-S 54 +-~.i 63 -7-9 '12+9 8 1+£! 

Note that there are n o 11 zero " di vi ~ or s , hence 

there are n i nety a nd NOT one h undred bas ic combinat ions in 

d i v ision as i n t he othe r three op erations. 

But besides t hese s imp le comb ina tions, there a re 

ye t others ; all told t here c;.,re 168 0 combina tion s v1hich may be 

clas s ified in t h i s wise (1) : 

S i mple addition 100 COl11b ' S 

Hi ghe r de cade a dd ition ?55 rr . 

(u? t~ a nd i ncluding a ll cases where 

9 i s to be carried ) 

S i mple sul:;t raction 100 n 

The s ulJ tracti c n involved in short d ivi sion 17f, II 

S i mp l e multip lication 100 It 

Short d ivision 450 ll 

Total 1680 n 

- ---·--- -----------------·------· -----
(1) ~ . J . Osburn; n orrective Arithnetic , Pg . ll. 
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It may be noted here t ha t these combinations mus t 

be absolutely rna.sterecl by the child before he l1as pa ssed many 

years in school ; Osburn, b efore quoted, would say by the end 

of the fourth year. 'l'he learning of this l arg e n umbe r of 

facts - and simply as facts - is a very great t a sk, inde ed, 

but there is no alternc:. tive. Of cour se the child must know 

" that the symbo l 5 represents 5 objects of some kind; l1.e must 

know and from a va ried experience tb.at the putting together , 

say , of 3 a~pl es and 2 apples g ives 5 apples ; or 4 blocks and 

1 b lock make <:c to tal of 5 blocks , and ~o on. 

But the combinations a re not to be learned this way; inste~d , 

they are to be lea rned me cr1anically and as fact s and incident-

a lly let it be said, a ccording to best thought today , n ot in 

table form . Tables are v a l uable in so far a s they a re used 

as means of remembering -what ha s been learned; they are u se -

le ss , p erl1ap s even worse , as methods of learning . 

In the past , we lmve g one ent irely on the assumpt ion that 

throup:h the 11 transfer of tra ining 1 
, learning for instance, that 

6+ 5 is 11, the reverse comb ina tion 5+6 and the'various cor-

resp onding decade combinations, as 26+5 , '76+5, £6+5, etc, v1 ere 

a ll taken care of at the same stroke. This of course as we 

know now is not the case; each and every combination must be · 

taken ca re of separately and learned independently . 

Of the sim:ple combinations in each of the four op-

erations , g iven in full on pages 1, 2 , and 3 herein , mu ch s tudy 

ha s been g iven recently pe rtaining to their relative diffi-

culty. An early study of this s ort wa s made by H. V . h olloway 

at the Un ivers ity of Pennsylvania. A more ~ecent investigation 

m.ade by Frank r. .. Clapp of the University of IJ isconsin is p er-
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baps more thoroug h and reliab l e. It will be describe d brief-

ly in the pages tha. t follow; i n fact t he result s of t his Cla pp 

S tudy h ave been ma de the basis in determining the conclusions 

of t h e pre s ent thesis . 

Thi s study of P rof . Clapp (2) which was po s sibly 

even more comprehensive, s o it is said, than the orig inal in­

vestigation of _ yres in the f i e l d of s pelling , tested more 

tha n 10, OGO s ch ool d tildren in var iou s and 'Nidely separated 

sect ion s of the Unite d S t ates. \ie ca nnot g o in t o d et/::~ il t u t 

b rief l y it may be said that a mong other thing s d i s covered were 

these ; 

l. ) That certain comb i nat ions are much more difficult than 

oth ers. li' o r i nstance in addition, it i s shown that t h e f ollow­

ine; comb i nations cc:msed 437; of al l mistak es: 

5+5 6+5 7+ 5 8+ 5 9+ 5 

b+ 6 6+6 ? + 6 8+ 6 9+ 6 

5+ '7 6+7 7+7 8+ '1 9 +'7 

5+ 8 6+ 8 7+8 8+ 8 9+8 

5+ 9 6+9 7+ 9 8+ 9 9+ 9 

and these are only t wenty-five of the one h undred comb i ni:.i.t ions 

i n add ition. In these tests it was Dhown t hat tVJenty times 

(2 ) The best des crip tion of the Cl app S tudy i s found in 

"The liiumber Comb inat ions: 1'he i r He l a ti ve Di ff icul ty and the 

J?requency of the ir Appearance i n Text Bo oks n , by Frank L . Clapp . 

It is Bulletin # 2 of t he Bureau o f Bdu catioa l Resear ch, Univcr­

s i ty o f ~ iisc onsin , l 1iad i s on, v~-i sconsin. 
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as many mistakes wer e made on some of the comb i nat ion s a s on 

others . 

.---) ) Many mor e mi stakes v'ie r e rnet.de on c e rte;. in comb i m;, tions when (:_. . I 

t hey were p r e s ented i n examples t h an VJhe n they were presented 

s ing ly, while of others t he reverse was true . 

Based upon the results in these t wo regards , Cl ;;;;.pp 

has prepare d 11 0rders of Diff iculty 11 o f the comb i na tions i n each 

of the p rocesses. 1'he f irst Order of JHfficulty t:rJ.a. t h e g ives 

u s is termed Order A ; . t he othe r Order B . In de t e r mi n ing the 

f ormer, pu p ils ·wer e te s ted on the comb. i na tions p resented s ing ly; 

while for the latter, the comb i nat ions were pre sented in ex-

ampl es . The A tests were timed and des i g ned to measure the 

extent to v1hich the as soc ia tion s represente d_ by the var ious 

comb i nat ions are a utom.a tie · in t he mi nds of PUl)ils . 'I'l.te :S 'l' ests 

involved no speed element and were des i gned to measure the dif-

ficulty of t he com-o inations when p u p ils ;;ue free to determine 

the answers b y any method they p refer. The results of the A 

Tests may be said to indica te t h e l earni ng or teaching d i ff i -

cul ty of t he comb ina tion s ·while t h ose of the B Tests represent 

their functional d iff iculty. Charts I , II , III , and IV on 

page s 9, 10, 11, & 12 of this work g ive in full both orders in 

all of t he four p rocesses. 

The arr a ng ement or lin e-up i n t he t wo Orders are 

quite diffe rent . One i s surpr i sed a t noting so r11any combina-

tions found in the f irst quart ile of t h e one, a pp earing i n the 

t h ird or fourth quartile of the oth er . One v e ry _no ticeable 

example is 272. P resented singly , it i s rated 8S the mo s t 

d i ff icu lt of a ll the n i ne ty comb i nat ions in d i vis ion. 

Tha t i s , it i s found_ as t he f ir s t comb inc~ tion of t he first 

quart ile of Order i. where t he form i s in de creas i ng orde r of 
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cUff i cul ty. Eut this same comu i nati on, 2 7 2 , nresented in ex-

amples , is one of the easiest; tl1..at i s , it is found in Order 

L at neur l y the end of the third quartile . 

b ot only i s 272 found in the first quart il e (th e 

most d i fficult ) o f Order A , but so a l so are : 

171 

?+7 

1'ha. t is · to say , every d i g it div i ded by it self is among the 

t wenty- five mo st d i ff icult division combinat ions when presented 

sinp;; ly. It seems that ther·e i s o.. mark ed tenden cy to respond 

11 zero 11 to uny rn.rrnber d ivi ded_ -oy i tse l f. But these s .ane com-

-b ina tions :presented in exanro l es d o not g ive the same difT icul­

ty. ~ o ne of them a ppear in e i ther the f irst or se co nd quar­

t iles of the B Order . 

In add i tion , the combination 2+ 9 i u e~am- ].es is 

one of the most d ifficul t . It i s fo und in Quartile I of Order 

b . But p resented s i ng l_;y: it is one of the les s d ifficult o.nd 

is f ound in Quartile IV of Order =· It i s pr o-bab l e that if 

t h e child , havi rlf~ 2+ 9 p re sented sin.o: l v , f i nds it bothering , 

he i mmed i a tely and p erhaps a lmo st unconsciously reverses the 

order of the t wo addends thus having 9+2 , wh i ch to mo..ny cltildren 

would be easier . But in examples whe re one addend is most 

likely to be i n decade forrn , a s 32+ 9 , reversing woulct not make 

the situation any easier . 

It must be said , at lea st parent het ical ly at this 

:point, t hat tea ch ers often mak e t he mistake of am.lyzing the 

v; ork of :pup il s only when the c onJ.binations are p resented singl y 

and then g i ving attent ion to t h ose combinations that ca use 
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difficulty as indicat ed by such ana lysis. It is quite e.s 

() o . 

i m:9ortant , if not more s o, to analyz e the :work of pupils when 

t h e combinations a re presented in exam-p l es and t h en g ive the 

ne ce ssary at tention to those combinations tha t are g iving d if-

ficulty as revea led by t h is ana. l ys it:J . Giving dr ill only to 

comb inations which a re proving troublesome sinp.· ly will br ing 

but little i f a ny i mprovement in written work wh ich of course 

nlc:t.ke s up a larg e part of a ctua l sch ool a nd everyday ar itbrnetic. 
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Chart I 

Clapp Order of Di ff iculty 

Order A I ddi tion Order B 

Learn ing Di ff iculty Functiona l Difficulty 

-
I II III rv I II I II 

8+ 5 9+0 0+'7 '1' +1 4+ 9 1 + 3 4+ 6 3 + 2 
? + 9 2+ 6 0+ 1 . 2+ 9 9+ 6 8+ ? 2+ ? 1+ 0 
5+ 8 9+ 3 '1 + 2 2+ 5 6+ r/ 5+? 6+3 6+1 
9+ 7 0+ 6 1+ 9 2+8 8+ 6 '7 + 8 6+ 5 7+1 
6+ 8 6+ 5 0+ 9 4+ 4 6+ 9 2+ 2 1 + 2 0+7 
6+ ~~) 3+ 8 8+1 4+1 3+ 9 3 + 6 b+ 3 0+ 4 
5+'7 3+ 4 6+ 2 3 +1 5+ 8 8 +3 2+ 5 0+ 3 
7+8 3+ 9 0 + 4 4+ 0 7+9 ? +4 2+ 4 4+2 
8+7 2+3 3+ 6 1+8 ::.+ 9 £+4 3+3 2+0 
9+ 6 3+5 0+ 2 ~H9 8+5 1+ 9 5+ 6 3 +0 
5+9 6+3 2+4 7+7 9+9 4fL1 7 + 3 0 + 5 
8 + 9 7+3 3+ 0 2+ 0 '7+5 1+8 5+5 4+0 
8+ 6 2+7 4+ 5 6+1 4+8 2+8 4+ 3 0+8 
4+7 8+ 4 ¢+ 8 5+4 2+9 3 +7 6+ 0 8+ 2 
7+5 4+8 6+ 0 3 +3 7+6 2+ 6 8+ 4 5+2 
L.J:+9 8+0 8+3 1 +1 3+8 3 + 5 5+ 4 5+ 0 
9+ 5 1+ 0 8+2 9+ 2 7 +7 9+5 1+1 4+ 1 
9+ tl 5+2 6+ 4 8+ 8 6+6 1 + 4 8+1 7+2 
6+7 4+ ~2 1+4 1 +3 4+7 . 1 + 5 6+ L1 2+1 
5+ 6 1+2 9+1 1+ 6 6+8 1+7 2+ 3 ~;+1 

4+6 5+ 3 tl+ O 1 +7 9+ 7 ~-+ 2 0+ 9 5+1 
?+6 0+ 3 6+ 6 2+1 8+8 4+ 5 O+ G 0+2 
7+ 4 0+5 3+2 2+ 2 9+ 3 3 + 4 '7+2 9+0 
9+ 8 5+1 4+ 3 5+5 9+ 8 6+ 2 O+ l 8+ 0 
3+7 7+0 1+ t · 0+ 0 8+9 1+6 3 +1 0+0 
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Chart II 

Clapp Or der of Diff icul ty 

Order A Sub t ra ction Order B 

Learni ng Di ff icul ty Fun ct io nal Di ff i cul ty 

-~. 

I II I I I IV I II I I I IV 

1 4- 9 11-7 3 - 0 6 -1 11-3 6- 3 10- 1 1'1 - 8 
13 - 4 13- 6 5- 0 2 - 1 16- 9 6- 6 S' - 2 8 - 5 
16-9 l h c _u - u 9- 6 5- 2 8 - 4 13 - 6 9-8 1 8 - 9 
1Ll -5 8 - 5 8- 2 6- 3 11- 4 2 - 2 S' - Ll ?-? 
1'7 - 9 11- 5 10- L.l: 3 -1 1 '1 -9 8- 8 1 0 - 3 3 - 1 
15- 9 1 1- 8 8 - 8 '7 -1 '1 - 0 11- 5 13 - 7 5- 2 
17 - 8 ~ - 2 (~) - 3 Li ':Z. "' -'-' ~ -1 6 - 4 12- 7 1-1 
15-'/ 10- 3 7- 3 5- 5 15- 9 10- 7 8- ? i....:. 7 v-v 

13- 9 1 0- 9 6 - 0 8- 4 9- 0 12- 5 ? - 6 10- 4 
1 3 - 5 14- 7 9- 0 6- 5 11 - 2 (3 - 1 6- 1 ? - 4 
16-7 12-4 7 - 2 0 0 .... - u 11 - 7 14- 6 ~) - 0 4- 0 
13- 7 10- 8 1 2- 6 4- 4 1 5- 8 , 5- 1 2 - 0 4 -2 
13-8 ? - 4 1 0- 7 9 - 1 13- 5 11- 8 lLl - 8 e-o 
ll 7 _ _,_- .:.> 12- 8 8 - 6 9 - 9 16- 7 1 4 - ? 12 - 8 5 - 5 
1t1- 6 1 - 0 11 - 2 5- 3 S- 9 ? -1 12- 3 11 - 6 
12- 3 8 - 3 10-1 5 - 4 14- 5 9- 6 6- 2 10- 5 
15- 6 7 - 0 6 - 2 1-1 13 - 8 4-1 8 - 3 '7. "Z d - v 
14- G 1 2- 9 10- 2 8 -1 10- 2 15- 6 1 2 - 9 4 - 3 
1' ) "' ~., - .__. 10- 5 ? - 6 tl-2 13- £ 7- 5 16 - 8 4-4 
12- 7 10- 6 9 - 5 6- 6 1 3 - 4 2-1 9- ? 10- 6 
11- 4 8- 0 8 - 7 ~ 7 

0 - v 5- 0 ? - 3 ( .. r.:... .. , - ._, 3 - 2 
1 1 - 6 2- 0 4 -1 "L () v - .:. 5- 4 8 - 2 B- 6 10- S 
16-8 9- r/ 2-2 7 - 7 6- 0 1 5 - '7 6 - 5 1 0- 8 
1 8- 9 S- Ll 7-5 5- l S- 3 '1 - 2 1 - 0 12- 6 
11- 9 4- 0 6 - 4 0-0 1r/ - 9 12- 4 11- 9 0-0 
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Cha rt III 

Clapp Order of Difficulty 

Orde r A J<![ul ti :olica tion Order B 

Learn ing Di ff iculty Functiona l Diff iculty 

--
I II I I I IV I II III IV 

?xO 8x6 'lx3 ~~x 7 Ox2 8xO 4x6 8xl 
Ox5 4x9 9x9 2x3 9x4 ri Jc3 4x4 22\:2 
Ox'l 4x? '1x5 4xl £:x_'7 '/x5 4J~7 6x0 
Oxl lxl 4x5 4X L1 8x6 6x? 3xl 3x3 
4x0 bx9 3x4 5x2 8x8 9x6 6xl 8x2 
Ox8 SJ:x4 2x4 'lxl '7x6 6x6 3x6 Bxl 
UX2 '/x4 4x2 8x2 Ox5 5xl 2Jc0 lxO 
Ox4 ?x6 5x3 3x2 Ox'/ 6x4 6:x3 ::Sx4 
8x0 8xb 6x6 3xl 6x9 'fx'l 5x9 l x2 
Ox6 8x5 6v'7., .r_v 6xl 7x8 'lxl 2x8 3x8 
9x0 8x4 6x4 l x8 4x8 L.i:XO 9Jc l 4x5 
8z0 9x8 lx2 5x4 Ox8 Ox6 5x? l x9 
Ox3 Sx3 6x5 2x9 '/x4 9x9 3x9 lx8 
6x0 5x6 2x6 2xl SxO 9x3 4x3 2x6 
O:x9 6x? 3x6 1x6 8x7 3x0 3x? 1:;;:.3 
3x0 4x8 8x3 1x5 '7x9 4b) C9 2x4 '/x2 
9xrl 3x8 6x2 2x2 8x4 'lxO 6x5 lx5 
5 _o LJ:x6 3x5 9x2 6x2 9~x5 bx3 2x5 
lxO 5x8 8xl 2x8 Ox9 8x5 5x0 ,., "' oxo 
8x'l 3x9 lx9 l x4 9x8 Ox4 lxl 2x? 
9Jc6 7x'7 4}C0 2Jc5 Ox3 9::;;:2 4x l lx6 
6x9 3x'7 5x5 lx3 6x8· 3x2 bx4 lx? 
?x9 5x? 3x3 5xl Oxl bx5 2x3 lx4 
7x8 5--~o .i">-v' 9xl lx? 8x9 5x6 2x9 5x2 
6x8 9x5 ?x2 OxO 8x3 5x8 4x2 OxO 
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Chart IV 

Clapp Order of Difficulty 

Order A Division Order B 

Learning ~ifficulty Functiona l Difficulty 

I II III TV I II III IV 

2 7 2 G74 1 8 7 2 4075 497'/ 427? 1273 g7l 
c · c 07 6 874 2177 5476 5.1. -'-0 1 2 7 6 4 -:-t± ..; -;- ~ ~. v 

287 4 _4 277 5677 2173 4 579 3076 327 8 073 
171 367 9 4579 3075 '2? 73 287'7 8 7 L1 3 -:-3 

3 6 7 4 287'7 3 076 1273 56 77 2473 9 73 575 
8 7 8 637? 3 71 1575 2874 27 79 1 27 2 0 7 4 
3 _,_oz. •u 27 73 3 57'1 1276 247 4 647 8 1 6 7 8 9 79 
6 7 6 2478 1873 3 676 367 6 8 179 1075 07? 

5678 4876 8 71 1672 4 8 7 6 3 679 472 0 76 
b47 6 2474 4575 147? 2177 1 8 +6 2476 075 

'7 7 '7 271 4276 2075 1 87~~ 63 77 5 71 671 
575 497'7 1879 8 72 21+3 4276 1575 078 
4 -:-4 407 8 1 6 78 1272 3674 5 678 1 8 79 171 

63 7 9 7278 471 15 7 3 '7279 1672 676 0 79 
075 1876 207 4 1472 63 79 24+8 207Ei 8 71 
0 79 2473 671 1075 40 7 8 7 2 78 2 7 2 2 71 

5479 72 7 9 3278 6 72 3274 1674 l 07~2 071 
(J 72 9 71 3575 8 179 3 5 -:-? 20 7 4 673 t.H2 
077 2 4 +6 27 79 9 73 3 5 75 3 075 40 -:-5 072 
0 7 8 0-:-l 571 10-:-2 HH3 1 4 -:-7 B78 i.!:71 
0 7 3 673 1674 2575 15-:-3 1472 '1 7 7 7 +1 

6478 3274 7 71 472 L1 5 7 5 2 575 1 2 74 3+1 
487 8 1 2-:-4 46 -:-8 6 7 2 
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B.:a.ving t he Orders of Di fficu1 ty set up (S ee Coorts 

I , II , III , a nd IV on pages 9 , 10, 11, and 12) , :E'rof . Clapp 

next :proceeded to ana lyze two vv ide ly used ari t lune tic tex: ts t o 

determi n e whether or not the typ ical text bo ok in use up to 

the time lmd n ot g iven most dr ill to the less diff icult com-oi ­

nati on s and l east drill t o -che mor e d iff icul t comb inat ions. 

Chart V on the next pag e shows g rap h ical ly his f i nd ings which 

were quite a s surmised. ll' o r i nstan c e , i n one tex t, that he 

desig na t e s as Text B - in addition - the per c entages of fre ­

quency of appea r a n ce of t he comb inat io ns b y quart iles Yie re 

as f ollows: 

l~uarti1e I 

IT 

III 

IV 

1 4 

29 

17 

40 

This means t ha t in this particula r text the twenty - f ive most 

difficult comb i nati ons a ppeared only fourteen times to every 

forty t i mes tbat the twenty-five least d ifficult comb i n2 ... t ions 

This is t yp ica l, as shown i n this s~me cr~r t, of 

the o ther three op erations of this same text and a lsq of the 

o ther book analyzed and ref erred to as Text A . In eve ry ca se 

in all of the f our operations of b oth tex ts , a g reat dea l less · 

dr ill is g iven to the more diff icul t comb i nations. 
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Quartile 

1 
2 

3 
4 

1 
2 
3 

4 

1 

3 

1 
2 
3 
4 

1 
2 

4 

1 

.2 
';: 
u 

4 

1 
2 
3 
4 

1 
2 

3 
4 

(J 

Ch&> .. rt V 14. 

10 20 30 38 

Most di 'ficult c< mb 's g i ve ·1 t hiB r1u ch dri ll. 

I ,east d fficult < omb's g iv~n this much drill. 

1 0 

Percent~ges of F equency of Appear­
ance of Combinat ons by ::;,uartiles 
D, S f oun :i by Cla ~o~ in Tex t.,S A and B . 

F i ,..st quart le, tb.e most cl i f ­
ficu ll t. 

... 

20 30 38 
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Having the finding s of these analyses of typ ical 

texts widely used in this country, it lms been thought desir­

able and worthwhile to analyze in the same ma nner severa l of 

the dri ll services in ar i t:rm1et ic recently offered b y lea ding 

:!_Jubl i s h ers . Such is the undertaking of the pre s ent study. 

Dr ill services b y Hillegas , Osburn , and a ser ies by Cl a pp , 

h imself, are t he objects; all of them bear i n g '1 copyr i ghts" 

of either l £'25 or 1 926 . These latest Services are COELi-t:tg to 

u s with ma.ny cla i ms 1aade by their makers as me eting t h e d emands 

of modern pedag og ica l a nd psych olog ica l resea rch. 

Are t h ese texts really g iving most pra c t ic e a nd dr ill to t h e 

more d iff icult combine.tions, or d o they f a il in thi s respect 

&. s cti d so g rossly those ana lyze d by Clap1; ? 

t ion to vvhich we s eek a n a nswer . 

Th is is t h e q u e s -

It i s of course the contention of the p resent study 

that the worl( of Cla p p , Holloway , a nd others xna.kes it q u i te 

certa i n tha t t h ere i s a rea l intrinsic differen c e in d i fficul ­

ty i n t h e cmnb i na tions b oth a s to learning or tee.ching , a nd 

func t iona lly . ~nd it is with the Clapp Ord er of Difficulty 

of the Combinations t h:1. t we a re in.::t.lcing the compa r i s ons wh ich 

a r e s o funda menta l t o our co n clusions. 

In analyzing u. tex t ever y combina t i on in the en ­

tire b ook must be il round.e d -up 11
, so to s p ea k , and t<:>bula ted . 

I n a n example i n 111Ul til;lica tion , as v'iill be s h ovm i n deta il 

p resently, not only a re t h ere the severc:t l multiplica tion com­

b ina t i ons , b ut a lso nmnerous comb ina tions i n a ddition c oming 

f rom the " ca rrying" , and from the a dding of the pa rtia l p roducts 

-if the multip lier is of t v1o or more p l a ces. One ex~un:9 le in 

long d ivision v:r ill cs i ve comb in<:;~ ti ons i n addition , subtra ction, 
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and multiplication, as vvell a s divi s ion. Thus t hey soon rea ch 

u p into t he t h ousands; in fact t he p re sent s tudy ha s involved 

the tabula ting , ch eck ing , p lotting , etc . of ~ g r and total of 

5'7,730 combinat ions . Of t hese the Hillegas Book fu rni shed 

9 , 069 , the t h ree books of the Osburn Se ries 11, 484 , a nd the 

two bo oks of t h e Clapp Ser ie s 37,177 . 

:~·urther on , but as an illustrat ion only , a complete se t of the 

comb ine;; tions in one of the op era ti on s a nd f r;om one of the Ser-

vic e s, will be i n clude d . See Chart VI. 
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P ro c eclure of Analyzing Exwn1)le s into Their 

Various Combinations . 

In this example in addition the following comb inat ions 

are obtained: 

l 
1 

1 

2 7 
4 5 

1 6 9 
2 4 1 

This example 

9 0 2 5 
5 6 1 e 
3 4 0 7 

We have the 

in multiplication: 

3 '7 0 9 
4 5 

1 8 5 4 5 
4 8 3 6 
6 6 0 

"' 0 5 

In analyzing 

9 + 5 8 + 4 

1 4 + 7 1 2 + 2 

2 + 6 1 + 1 

in subtraction g ives the combinations: 

1 5 - 8 

1 - 1 

1 0 - 6 

8 - 5 

following combina tions from t h i s example 

5 X 9 0 + 4 1 + 3 
5 X 0 1 5 + 3 4 + 5 
5 X 7 0 + 3 8 + 8 
5 V" 3 1 2 + 2 1 + 4 J'-

4 X 9 6 + 4 5 + 1 
4 X 0 
4 X 'l 
4 X 3 

this example in long division, we obtain 

comb inat ions as follows: 

4 8 5 1 9 4 · 4 X 1 and 4 X 4; 8 4 and 9 
)1"9-8 ' 9 6 

l 6 4 3 4 4· 8 X 1 and 8 ...,.. 4 · 8 b and 4 -''-' ' 3 L! 9 
3 2 8 2 0 Ll_ • 5 X 1 and 5 X 4 • 6 5 a nd l -' ' 2 1 6 

2 0 5 
-1-l Note that subtra c tion comb in.::, t ions 

g iving "zero n in long d ivision are not in-

eluded . This is following the Clapp p roc edure in h i s analyses. 

6 

2 

0 
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As said before , i n th i s study we C;.;.re a ttemp ting to 

dete r mine whether or not certa i n of the l a test Drill Services 

in .~.rithmetic are g iving more dr ill a nd practice to the most 

d i f f icult cm:rlb i ncLt i ons and l e s s to t he l eas t diffi cult com-

b i m:.t ions. It has been sho;,1n o. l ready tha t t h e typical t ext 

b ook even up to the present has been notorious l y deficient in 

thi s respe ct . The dr i l l Services being con s i de r ed in these 

pages a re t he fol lowi ng and i n thi s order : 

l. Osbur n 

2 . Osburn 

3 . Osburn 

4 . Osburn. 

Publi shed by 

5. Clapp 

6 . Clapp 

7 . Clapp 

Grade II 

Grade III 

Grade IV 

Gr ade s II , III , 

Hough ton I.Hff lin 

Grade IV 

Grade V 

and IV (comb ined) 

Co. 

Grades IV and V (combined ) 

Publi shed by S ilver Burde tt & Co. 

8 . Hillega s (Hora ce l:Ja nn SU};Jplementary A:r' i tbme t ic) 

Publi sh ed by J . B. Li pp i ncott Co. 

In the results tabula ted a nd g r a phed i n Charts 

L.:.C:CC , I..-;GXI, LXZXII , and .i .... x.x:XIII, are a l s o g iven the results 

of t h e Cl app Ana lyses of the t wo t exts befor e illent ioned and 

known as Text s A and B. By means of t he se chart s ea sy com-

par i son a ay be rllade betwe en the finding s of the Clapp Study 

and those of the p resent one. 
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It would s erve no p urp o se to include here t h e a c­

tu:..--;. 1 57 , 000 and more comb ima. tions, or any larg e par t of them, 

tha t g o to make up the nuril.erous exar:nples of t h es e sev era l 

Services . However we are g iving t he combinations in i:Lddition 

of the Osburn Book for the third g rad e a s an example. See 

Char t VI. An a ttempt will b e made then to carry t hr ough the 

work in sue ces i ve steps by ch:;u ts t ha t f ollow t hat of j;~ 6, in 

order t o make clear to the r eader the p rocedure follov;ed in 

t h is study in its entirety . 
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2+5 
5 3 
4 l 
6 3 
0 4 
l 6 
2 7 
4 0 
2 2 
1 5 
5 0 
'7 l 
4 2 
6 2 
3 0 
0 '7 
5 l 
6 G 
l 2 
5 4 
l 7 
0 8 
0 l 
2 l 
5 2 
r; 2 
9 0 
0 3 
0 6 
2 0 
2 3 
2 6 
4 4 
3 5 
l 4 
7 0 
l 3 
3 4 
l l 
3 3 
l 0 
2 4 
3 l 
0 5 
4 5 
8 0 
4 6 
l 6 

1+8 
8 l 
0 9 
3 2 
0 0 
3 6 
4 3 
0 2 
4 0 
4 5 
l 6 
7 2 
l 7 
8 l 
l 8 
s 0 
2 3 
5 4 
0 3 
3 0 
3 5 
l 3 
4 l 
5 4 
l 4 
5 3 
3 5 
8 0 
0 2 
2 6 
8 0 
4 4 
8 l 
0 3 
3 0 
3 6 
2 0 
2 6 
8 l 
(J l 
l 0 
l 5 
l 6 
'1 2 
6 l 
s 5 
? 8 
4 9 

Cl1.art VI. 

Add ition Comb i nations - from Osburn I II. 

(But one page of such include d here. ) 

8 + 4 
6 7 
8 9 
8 6 
8 3 
6 9 
'i 8 
9 4 
5 8 
3 8 
5 7 
'7 6 
8 8 
9 7 
6 5 
3 9 
3 "/ 
4 8 
2 8 
9 2 
5 9 
7 9 
l 9 
9 6 
7 5 
8 2 
4 6 
2 9 
8 7 
£, 9 
6 6 
4 7 
£ 8 
9 l 
6 4 
'I 4 
6 8 
7 7 
9 3 
7 3 
4 9 
5 6 
8 5 
i3 5 
3 'I 
6 7 
l 5 
6 7 

8 + 6 
8 3 
9 5 
? 7 
9 9 
6 5 
8 9 
g 2 
7 8 
6 g 
3 9 
8 5 
5 5 
9 6 
4 8 
7 5 
5 8 
9 2 
6 5 
8 9 
5 5 
9 5 
4 7 
4 6 
4 8 
5 9 
5 6 
4 9 
5 9 
t;:; 6 
8 7 
3 8 
8 6 
3 8 
3 7 
c 4 
6 6 
'1 4 
8 7 
7 3 
9 5 
6 9 
8 4 
'7 6 
5 'I 
6 r; 
'7 7 
l 8 

5+ 8 
9 8 
6 8 
3 8 
7 'I 
4 6 
'1 6 
8 4 
9 3 
5 8 
s 7 
? 'l 
6 6 
~ · ? 
6 4 
7 8 
8 8 
5 8 
4 '/ 
6 5 
9 6 
3 9 
4 8 
9 7 
6 9 
8 4 
l 5 
6 5 
'I 6 
l 8 
9 8 
7 9 
l 7 
8 8 
7 8 
6 5 
l 4 
5 7 
5 8 
l 4 
5 9 
5 7 
l 8 
9 9 
6 8 
l 7 
El 9 
4 6 

1+7 5+9 
8 9 9 4 
4 6 l 8 
1 '1 ~) l 
8 6 3 7 
5 6 l 4 
l 6 5 9 
'I 8 6 8 
4 6 1 8 
l 3 S; 6 
4 8 0 3 
7 3 1 8 
l 5 9 3 
6 9 '/ 3 
4 9 1 5 
l 2 G 4 
3 9 LJc 7 
4 9 l [3 

l 2 ~.>' 9 
3 9 '( 7 
4 9 .L b 
1 7 6 7 
8 3 6 7 
? 4 l 2 
1 8 3 7 
g 2 3 9 
4 8 l 3 
1 4 4 g 
5 7 ? 'I 
g 4 1 8 
l 5 s ? 
6 8 'I 3 
5 6 1 2 
l 5 3 9 
9 2 6 6 
l 5 l 5 
6 8 b 5 
3 9 l 5 
l 2 6 6 
3 9 5 8 
'I 3 l 8 
l 8 9 4 
9 9 9 9 
9 9 1 6 
1 5 7 3 
6 9 8 3 
.) 8 1 2 
5 4 3 7 

4+6 
1 8 
s 4 
9 7 
l 7 
8 7 
5 9 
l 5 
6 6 
7 5 
l 7 
8 5 
4 8 
l 3 
4 6 
7 3 
l L1 
b 6 
g 3 
l 8 
9 r; 
9 2 
l 5 
6 6 
4 6 
l 3 
4 8 
g 9 
l 5 
6 9 
5 8 
l 4 
5 6 
4 7 
1 5 
6 5 
6 5 
l '7 
8 6 
6 6 
l 6 
? 9 
~' 7 
2 2 
4 6 
6 8 
2 5 
'! 6 

26+ 5 
36 6 
8 6 'I 
63 8 
'19 2 
64 6 
'(3 9 
15 6 
46 4 
8 1 9 
85 7 
2 '/ 8 
37 5 
28 6 
92 8 
1? 7 
35 5 
s.s g 
69 8 
55 6 
?2; 8 
98 5 
4 6 9 
39 'l 
'7 8 9 
8 5 8 
26 5 
?8 4 
1 2 8 
3? 4 
63 7 
f i6 7 
'1 2 9 
53 8 
8 1 9 
54 7 
55 8 
13 8 
47 3 
59 8 
59 l 
69 1 
84 9 
47 6 
28 3 
'19 8 
1 8 2 
99 7 

20 

5+ 6 
1 5 
6 '1 
? 4 
2 8 
9 6 
~2 6 
8 6 
8 9 
2 g 
3 g 
1 6 
? 5 
9 9 
2 r/ 
£ 5 
5 9 
2 6 
[) 4 
l 9 
8 9 
2 7 
£• 5 
£i 8 
2 ? 
~; 9 
S1 ? 
2 '1 
9 6 
9 8 
2 9 
8 4 
2 4 
6 6 
3 9 
l 9 
8 8 
1 8 
9 9 
3 8 
1 9 
3 8 
l 9 
6 g .. 
1 5 
6 7 
Ll 9 
l 5 
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The combinations, a few of -~-vh ich were g iven on the 

pre ceding pag e are next tabulated as shown in Charts VII and 

VIII on the next t wo pages . From these tables , they are 

e athered together and recorded in another similar table. 

S ee Chart I X. To interpret this last and other charts of the 

same type thr oughout this vrork , note that the n un1bers ab ove 

the diag onals are r ead from tolJ to l eft a s 1+9 , a totctl of 38 

time s ; 3+6 a total of 14 times . The nunfoers belovv t ile diag -

ona l s are read from left to top as , 9+1 , a total of 16 times; 

6+3 , a total of 18 times . In every case the upper a ddend rep-

resents the m..unber of primary or ·basic com.b ina tions, while the 

lower addend re}Jresents the number of decade or secondar y 

combinations. Of course the sums are the total m .. unbers of 

comb inat ions involving the particular dig it s . The reader is · 

referred to pages 1 to three inclus ive for a complete summary 

of the lJ I' i mary comb i nc>. tion s . 

Only in add ition has dny distinction -been ma de be-

t we en primary and de cade comb inat i ons. An interesting com-

par i son mi ght be m.&.de between the relative frequency o:f ap­

pearance of prirnary <:t. nd de cade comb i na tions, but such fc;. lls 

outs i de the scope of t his study. 

The totals of the various combinations vv ere next 

tabula ted ( Chart X ) each in their pro ~per quartile according 

to the Clap p Order B of Di ff iculty. 

Order of Di ff iculty J3 , as we have alrei;;;.d.y seen, has reference 

to the functional difficulty of the comb inations . It has to 

d.o with the dif:f icul ty of combinat i ons as they are 111et in ex-

umple s as is the case in text book work, Hence compa risons 

a re made 'Vvith the Order B of Difficulty and NOT vvith Order 
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A , which has to do with co:mbin~ tions only when presented 

sing ly, and when the automat ic resp onse i s v1ha t is s ought. 

--------·---------



Chart VII. 

Number of Various Prirr!.a..r.x Com,b ina tions as F ound i n : 

Read : Left to top . 

...._ 

"' 
->:: -"" 

"' l:; 

~ ~ :~ 

~~ 

~~ ~ 
~~ f? 

23 . 



Chart VIII. 

Humber of Various Decade Combina tions a s Found in: 

Bea d: Left to top . 

' '::: 

~ 

~ 

~ ~ 
~ " 
~ 

' 
~ ~ 
~ ~ ~ ~ \\) 
~ ' ~ ' 
~ ~ 

- . 

~ 
~ 
~ IV> 

~' 
~ 

~ 
' :::: 
~- ~ 
~~ ~ 
~~ 

24 . 
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r 
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~ 
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q-

.:5 

'Y 

I 

{) 

Chart I X. 

0 -I .,_ 0 ,Lf- ...,- ~ 7 f 

l1umber of Various Combina tions 

Found in: OSBUHH III 

Below diag onals : Read left to top . 

.. ~bove d iagonals: Read top to left. 

ADDI 'l' IOH. 

25. 

q 

a s 

Lower addends represent the number of de cade cowb ina -

tions. 

UF9e r addends represent the numb er of pr iraary comb i ­

nations . 

S ee pag e 21. 
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Chart X. 

Osburn III Addi t ion 

Compariso n wi t h Clapp Order of Diff iculty - B (clec rea.s i ng order) 

--~--··------

Q.ua.rt 1 Fre q Q,uar t 2 Fr eq Qua rt 3 Freq ~uar t L~ J? r eq 

4+ 9 24 1 +3 2 9 4+6 32 3+ 2 1 4 
9+ 6 16 8+ 7 2 7 2+ 7 2? 1+ 0 9 
6+ 7 20 

~ v 5+7 2 7 6+3 1 6 6+1 2 0 
£::.+ 6 2 8 ? + 8 2 4 6+E' 33 ?+ 1 13 
6+ 9 29 2+ 2 2 6 1+ 2 2? 0+ '1 18 
3 + 9 25 3 + 6 1 4 5+3 22 O+ tl: 28 
5+ 8 26 8+ 3 2 6 2+ 5 30 G+3 3 1 
'i +9 20 7+4 2 1 2+ 4 29 4+ 2 2 1 
5+ 9 23 9+ 4 22 3+3 1 3 2+ 0 12 
[3+5 30 1 + 9 38 5+ 6 24 3 + 0 9 
9+9 2 2 4+ 4 2 4 7+ 3 2 0 0+ 5 2 2 
'/ + 5 2 3 1+ 8 42 5+5 24 4+ 0 5 
4+ 8 25 2 + 8 3 2 4+ 3 2 7 0+ 8 22 
2+9 26 3+ ? 28 6+ 0 8 8+2 1 '7 
7+ 6 2 1 2+ 6 2 2 8+ 4 31 5+ 2 22 
~H 8 25 3+5 1 7 5+ L.J: 23 5+ 0 5 
7+'7 2 6 9+5 18 1+1 22 4-t· l 23 
6+ 6 2 6 1+ 4 :-56 8+1 20 7+ 0 4 
4+ 7 32 1 + 5 49 6+ 4 J9 2+ 1 29 
6+ 8 27 1 + 7 3 7 2+ 3 25 9+1 1 6 
9+ 7 2 7 S+ 2 20 0+ 9 13 5+ 1 1 5 
e + e 22 4+ 5 1 8 0+ 6 24 0+2 34 
9+ 3 2 1 3+L.J: 1 6 ?+2 1 9 9+0 4 
~ + 8 1 '7 6+ 2 15 0+1 32 8+ 0 9 
8+9 2 5 1+ 6 ~3 9 3 +1 1 1 0+ 0 1 1 

61 5 66 '7 573 413 

27?; 297<; 25/~ 1 8Jb ,. 
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In Cb.art .X , we note that the . total number of com-

b ino. tions fal ling in "tiuartile I is 615 . In the second , third , 

and fourth quartiles , they a re respectively 66'i, 5?3 , and 413. 

Reduced to percentages the comb i nations f a lling in G,uart iles 

I to IV are respectively 27 , 29 , 25 , and 18 . Here we h<::i.Ve 

results pretty much ~ s they should be ; especially would this 

be so , vvere the tota_ls of c;~uart il es I and II i n terchc;.ng ed. 

Compare this showing with those of the ClalTP Study in _-:..ddition 

- either Tex t -- ~ or D - Ylhere it is readily seen tha t many l ess 

comb inations fall in Quartile I (the most d i ffi cult) t han any 

of the ot:ner three qua rtiles, and rnany more fall in Quartile IV 

thtl.n e:. ny of the other three. Said in other word s, in these 

two texts, the easiest combinc. tions are g iven much more drill; 

the most diff icult combinations, much less . In the ca se of 

Osburn III, more drill and practice is al lotted to the hardest 

combinE~ tions and l ess drill to the least difficult ones. 

We hc.1.ve used Osburn III - ~-i.dd i tion - as an example 

as said before , to illustr~te the pro cedure followed herein. 

Cmnmencing on page 28 each of the several Services are t c..'.ken 

up one by one by means of t ab l es and charts only, as just shown 

in the ca se of the one u sed for illustr~ tion. i-;. t the end of 

ea ch section , results are sh own gr i;;l.ph ica lly as well as numeric ­

al l y . All deductions and conclusions how~ver are reserved 

until the final pages . 

In the case of d i vision , a somewhat d ifferen t chart 

w<o>.s necessary for the to.bula ting of combinations. The form 

as ~ppearing in these pag es seemed to mee t the re qu irements . 

best. It is as will be seen, quite simila r to the one a lready 

made fet.r.ri iliar and will not need further explanation . 



Chart XI. 

(} I 
.,._ -.3 ? - r 

q 

f 

7 

(p 

s 

-4-

..3 

.,.._ 

I 

0 

Num-ber of Various Combinations 

F ound in: OSJ3lffi}\i II 

Below d i agonals: Read l eft to top . 

Above diag ona ls : Read top to le f t. 

See pag e 21 . 

ADD I TI ON . 

28. 

9 

as 

Upper addends re:present the number of priil::ary comb i ­

na tions . 

Lower addends represent the number of decade comb ina­

tions . 
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Chart XII. 

Osburn II ---· ;~9:_c2.J:~:!:..2ll..· - ----- *-- ----- -----------~----.. -
Comparison with Clapp Order of Difficulty - B (decreasing order) 

..__ 
- ... --~--,.---·-- ·---· __ , v_..._ ,._._~_ ,._,_,_, _____ ,_ 

Q.uar t 1 ll'req \:.),uart 2 Fr eq C~uart 3 Ii'req ({,uc.r t 4 Freq 

4+ 9 1 +3 14 4+6 3 + 2 13 
9+ 6 8+7 2+ '1 11 1 + 0 1 3 
6+7 5+ '7 6+3 1 3 6+1 12 
8 + 6 ? + 8 6+5 '/+1 14 
6+ 9 2+ 2 14 1+2 12 0+'1 9 
3 + 9 3 + 6 1 2 5+3 14 0+ 4 10 
5+8 <3+3 2+5 13 0+3 13 
'?+9 ?+ 4 2+ 4 13 4+ 2 13 
5+9 9+ 4 3+3 14 2+ 0 12 
8+ 5 1+ 9 5+ 6 ~3+ 0 11 
9+9 4+ 4 1 3 '/ +3 0+ 5 1.3 
7 + 5 1+3 13 5+5 4+0 l i. 

4+8 2+ 8 4+ 3 ]_L} 0+8 9 
2+ 9 3 +'7 1 6+0 11 8+2 
7+6 2+ 6 1 3 8+ 4 5+ 2 1.E) 
3 + 8 3+5 13 5+4 16 5+0 1 C) 
7 + ? 9+5 1+1 1 4 4+1 16 
6+6 1 + 4 1 5 3+1 15 ? + 0 l i2 
4+ 7 1+ 5 11 6+4 2+1 13 
6+ 8 1 +7 13 2+3 13 9+1 
9+7 ~'+ 2 0+9 10 5+1 J 3 
8 + 8 L1+5 6 0+ 6 8 0+ 2 9 
S+3 3 + 4 14 '/+2 1 6 9+0 17 
9+ 8 6+2 16 0+ 1 15 8+0 l!) 

8 + 9 1+ 6 13 3 +1 12 0+ 0 ] ') 

0 0 1 81 234 29 0 

oo;:; 2s7,; 335b 41/'b 
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I 

d 

Cr.ta r t X I I I. 

(} I r q 

Hurnb er of "\lar iou s Comb int=L t ions as 

found i n : OSBURN II S lJ13TEACT I Ol\i . 

Below diagon~l s : Read le f t to top . 

1~b ove d i agona l s : Read top to l e f t. 

See page 21. 

30 . 
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Cbart XIV . 

Comparison with Clapp Order of Di fj' iculty - B. {de crea.sing order) 

Q,uart 1 Freq Ouart 0 2 Freq Quart 3 :B'req (;~uart 4 Freq 

1 1 - 3 6 - 3 '7 1 0-l 1'7-8 
16-9 6-6 5 9 - 2 '7 8 - 5 6 

8 - 1 6 1 3 - 6 9 - 8 8 18- S 
11-4 2 - ~~ 6 S- 4 6 ? -'I 5 
14-9 8 -8 5 10- 3 3 - 1 6 
7-0 5 ll-5 13- 7 5 - 2 6 
9-1 5 6 - 4 7 12- 7 l - 1 6 

1 5- 9 10-7 d - '7 '( ~)- 3 'I 
9-0 8 12-5 ? - 6 6 10- L.!: 

11-2 .3-1 6 6 -1 5 'i -4 8 
11-? 1 4-6 3-0 6 t1 - 0 6 
15- 8 5-l 5 2 - 0 6 4 - 2 6 
13- 5 11-8 14-8 8 -0 6 
16- ? 14-7 12 - 8 5-5 ,. 

0 

9 - 9 7 '7 -1 6 12-3 11- 6 
14-5 9- 6 G 6 - 2 8 1 0-5 
13 - 8 L1-l 5 8 - 3 7 3 - 3 6 
10-2 15- 6 12- 9 LJ: -3 6 
1 3 --SJ 7 - 5 ? 16- 8 4 - 4 ,. 

0 

13 -4 2-l 6 9 - ? 10 10-6 
5-0 6 '7 -3 ? 9 -5 8 3 - 2 () 

5-L1 8 8 -2 6 8 - 6 4 10 - 9 
6-0 5 15-7 6 - 5 6 1 0 - 8 
c 7_ 5 7-2 r • l-0 5 12-6 . ..... -o \) 

1 '7 .. g 12-4 ll- 9 0-0 5 

55 90 S9 S? 

165~ 26% 2 9j.? 285;" 
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Chart ~v . 

r 

Number of Var io v.s Comb i nations as 

found i n : OSBURN. I I t::ULTIPL ICA'I' I ON . 

Below diag ona l s: Head left to top~ 

Above <.liagonals: Head top to left. 

See page 21 . 



33 . ' 

Cba r t 1..'1! I. 

Osburn II I.IIul ti plication. 

.. _ 
Compar ison with Clapp Order of Di fficu lty - l3. (decreasing order) 

---~--- ·-----·--- - --.. -·-----~--- ... --·------·-·-··-..._ -·--·--·- ----- - ----.---------------. 
Q,uart 1 Freq Quart 2 Freq l1ua rt 3 :B'req ~~,uart [; :r Freq 

Ox2 2 8x0 2 4x6 2 2:x: l 2 
9x4 'lx3 2 4x4 2 2x2 4 
9-:r\.'r/ 'lx5 4x7 6x 0 <") 

~ 

8x 6 6x'7 3x l 2 3x3 2 
8x8 9x6 6xl 8 8x2 2 
'7 ~x.6 6x6 3x6 ') 

~ . bx l 2 
Ox5 2 5xl 2 2x0 1 l x O 2 
Ox? 2 6 v LJ.. .A. • 2 6x3 2 3x 4 2 
6:x: 9 7x'7 5x 9 l x 2 1 
'!x8 7xl 2 2x8 2 3x8 
4J-c8 4x0 2 9xl 3 4x5 2 
C;x8 2 Ox 6 2 5x '/ lx9 1 
7 Jc 4 9x9 3x9 l x8 2. 
9:x:O 2 ~:x3 4x3 2 2)C6 2 
Sx'l 3x0 2 3x7 2 lx3 2 
r/ Jc 9 4}~9 2x4 2 'l x 2 2 
8x4 '1x0 2 6.x:5 l x 5 ~ 
6:x:2 2 9Jc5 5x3 2 2x 5 % 
Ox9 2 Gx5 5::W 2 3x5 2 
9x8 Ux4 2 l x1 3 2x? ~ j ,, 
Ox3 2 9:x:2 2 4xl 2 l x 6 . ) 

r. 

6x8 3x2 ~~ 5x4 2 l x ? 
Oxl 2 bx5 2 2x3 ;~ l x4 2 
8x9 5x6 2~~c 

-"-"' 5x 2 'J 
(J 

8:;;..3 2 5x8 4x2 :--: OxO 2 

'20" 26 39 48 

1 55-~ 20% 2970 36/'o 



Chart XVII. 

}.;umber of Var iou s Combinations as F ound i n: 

OSBURN I I DIVI:-:) I ON . --- -- ---------·-
Red fi g ures in body denote d ividends . 
Top row of d i g its are divis or s . 

~ ~ 1 

~ ~ ~ t-... ~ ~ ~ ~ '.a 

~ 1 ~ ~ 

~ \10> ~ ~ ~ ":!-.,. 
" ... ~ 

t"-. ;). i 

t ~ ~ 
1 

"" ~ 
..., 

~ .... .., 
-.) 

~ ~ ~ ':\--

~ "" -.) ..., ~ ~ ~ ""> ~ 

\~ 
~~ ~ 

"'"'"'1~ .... .... ., 

1- '<) "'\ 
"" 

t-') 

!->- "" ~ ~ 1 
.,. 

~ ..... ") ~ 

\'-) '"l ~ !'-.. "') \'(') ~ 
... ~ "'- ~ ·~ -:t-

' "' .... "" 
~ 1 

""' ~ "" 1 \'1\ 

""' ' ~ ~ l .,. 
' 

....... t"\ ('() \Y) t"\ (") CV) i 
\ ' .,.. ~ ~ t., 1 .., 

/ \ / \ \ \ / 

~ / / ", ~' 

/' ·\ 
:.: 

/ \ // '· 
/ '\ \ / ' 

~ ""' t--..... ~ "'~'"") '* 

~ ..... 
11'-. 1:1<> 

~ ~· . .., 

\") 

~ ..... 
'} ~ 

t 

i>- ~ 

' 'l-

~ 

~ ~ 
.... ., 

"') N) 

t -~ 
'1 ':\-

~ "' ' 

N) "') 

~ ' 

-\ ' / ' ' 

fY) C""\ ...... 
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""' <) ..... 
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Chart XVIII. 

Osburn II Division 

Comparison with ClapjJ Order of Diff iculty - B. (de cr eas ing order) 

--- - ---------------- -------- -·--------------

(~uart l F req '• uart 2 Fre q Q,uart 3 F req ('~uart 4 F req 

49 +'( 
b4 +6 
4 5+9 
2? +3 
56 +? 
23+ 4 
24+ 4 
36+ 6 
4 8 + 6 
21 +? 
1 3 + 2 
21+3 
3 6 + 4 
?2 -:-9 
63 + 9 
40 +8 
32 -;-Ll 
::';5 +? . 

' l ._; 

3 
3 
3 

1 8 +3 4 
J5 +3 3 
(5-;-5 
L1 [-) -;-( . 

42+ 7 
54+f! 
30 +6 
~~0+7 
·20:+ 3 
27 -:-9 
t>>-;-[<. 
b l .+9 
36+£) 
1 f}-;-6 
6 3 +7 
tJ2 -;-6 
56 -·;-8 
]_ 6 -:-2 
2il -;-8 
? ~~-7-8 
16-7-Ll 
20+ 4 
30 + 5 
1 4+ 7 
1 iL-'-" ~ . ~ 

~,; 5 + tl 

12+3 
2L1+6 
:52 +8 

b -:--4 

3 S+3 
12+2 
16+8 
10+5 

4 -'-') . ,.,_, 

6 J. 2 -:-6 
5 +1 

l5+ b 
l U+ S 

3 6 -:-6 
4 20-:-5 

2+2 
3 10-:-2 

" 6' ~ 
,::, -;-.) 

i_L(J -;-5 

4 tS-+-8 

3 'i -':-'7 
4 12+4 

6 _,_ <) . ,.,_, 

32 

1 4~{ 

3 S+1 •7 
.) 

4 4 +1 b 
0 +3 5 

5 0+3 1~. 

'"' 
b 5 + 5 ? 
4 o-:-4 !) 

4 s + S:' 5 
4 G+'l 3 
4 () +6 6 
il 0+5 ::.; 

3 6 -'-l 3 
3 0+[3 l± 
11 1 +1 C· 

'7 u +S '7 
0 

5 8.+1 ~ 

0 
I; 2+1 :.) v 

Ll () -;-]_ . ) 
·"-' 

'7 t~+2 4 
0-7·2 5 

4 .!!.: -:-1 .:.\ 
IJ: 'I -:-1 
L; •.; -'-I v ....... ( 

5 

S2 8£· 

40/~ r-;.: [,,., 
0 0/0 



36. 

Chart XI X. 

· -------..J. 
(J I ?- 3 ~ s ft.; 7 r 9 

q 

f 
7 

/p 

s-
~ 

3 

r 

I Numbe r of Vari ous Combinations as 

0 
F ound in: OSBUhH III ·DDI'l'ION. 

-----

Below d iagonals: Head left to top. 

Above d i a g onals: Read top to left. 

Upper addends re present the number of p rimary combi -

nations . 

Lower addends represent the number of de cade combina -

tions. 

Eee pag e 21. 
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Chart XX. 

Osburn III ~ddi tion 

Comparison wi th Cl app Order of Di fficu lty - B (de creas i ng order) 

Q,ua.rt l Freq Q,ua.rt 2 Freq Qua rt 3 Freq Quart L1 Fr eq 

4+ 9 24 1+3 29 4+ 6 32 3 + 2 1 4 
9+ 6 16 8 +7 2 7 2+'7 27 1+ 0 9 
6+'7 29 5+ 7 2'7 6+ 3 1 8 6+1 2 0 
EH-6 28 '1 +8 2L1 6+ 5 33 ?+ 1 13 
6+0 29 2+ 2 26 1+2 2r/ 0+? 1 8 
3+9 25 3+ 6 1 4 5+ 3 22 ()+ L1 2<3 
5+ 8 26 8+3 2 6 2+5 30 0+3 ;s 1 
r/ + 9 20 7+ 4 21 ~2+4 29 4+ 2 2 1 
5+ 9 23 9+ 4 22 3+3 1 rl 

_L) 2+ el 12 
8+ 5 30 1+9 3 8 5+ 6 2 L1 3+0 0 

""' 
9+ 9 22 4+ 4 24 '('+3 20 0+5 2(_) 

..J: ..J 

r/ + 5 23 1+8 1{2 5+5 2 L1 4+0 5 
4+ 8 25 2+ 8 32 4+ 3 ~ ) r ·· 

r~ { 0+ 8 22 
2+9 26 3+7 28 6+0 e 8+ 2 1'? 
? + 6 21 2+ 6 22 8+ 4 z,l 5+ 2 ~2 
3+ 8 ~5 3 +5 17 5+4 23 5+0 5 
ri+? 26 SH5 18 1+1 2 ') ~ ~ <~+1 2 3 
6+ 6 2 6 1+ 4 3 6 8 +1 20 ?+0 4 
4+ ? 32 1+5 4 9 6+ 4 19 2+1 20 ~ v 

6+8 2'7 1+7 37 2+3 85 9+1 1 6 
S1+'f 2 r• ~ { 9+ 2 2 0 0+ 9 'J •7 -- . .) b+1 1 5 
8 +.8 22 4+5 18 0+ 6 ~~ ~~ 0+ 2 Z)Ll 
<~) + 3 2 1 3 +<-1 16 7+2 19 9+0 tl 
9+ 8 17 6+ 2 15 0+1 ~', 2 Ei-1-0 9 
U+ 9 25 1 + 6 39 3+1 ll 0+ 0 11 

615 667 573 413 

27% 297; 257~ 1 8?; 
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38. 

Chart XXI. 

0 I 7 r r 

Number of Various Combinations as 

found in: OS:BUFH III 

Below diagonals: I 'ead left to top. 

Above diagonc:.~ls : Read top to left. 

See page 21. 

SUBTRAOTIOE . 
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Cll.a r t Yv'G I . 

Osburn III Subtracti on 

Comparison with Clapp Or de r of Di fficulty - B (decreasinr order) 

c~uart 1 

J.l - 3 
1 6 - S: 

8 - 4 
11- 4 

'1 - c 
S·-1 

lb-9 
~ - 0 

1 1 - 2 
11- 'J 
15- 8 
13 - 5 
16 - ? 

l 0 
~- v 

1!±- !::J 
13 - 8 
10- 2 
13- 9 
13-4 

b- 0 

6-0 
~ - 3 

1 '/ - 9 

Ii' req 

? 

11 
g 

11 
6 ... 
0 

12 
7 

10 
12 

10 
6 

1 5 
'( 

11 
[j 

9 
12 

.12 
j 5 

224 

Quar t 2 

6 - 3 
6 - 6 

13 - 6 

8 - 8 
11- 5 

6- 4 
10-7 
1~2-5 

C. -1 
14-6 

5- 1 
1 1- 8 
1 4-? 

'f -1 
~: - 6 

Lb - l 
15 - 6 

'i - 5 
2-l 
'/ - 3 
8 -2 

15 - 7 
'( •. 2 

1 2 - 4 

Freq 

9 
2? 
12 
49 
20 
11 
11 
15 

6 
0 
(,_> 

(1 
o/ 

16 

6 
15 

6 
[j 

15 
11 

6 
g 

304 

~tuart 3 

10-1 
£'- 2 
9 - 8 
S- 4 

10-3 
13 -'1 
12-7 

r ·. r:· o- t 

7-6 
6-1 
3-0 
2 - 0 

14- 8 
12- tl 
12- 3 

6-2 
b - 3 

1 2 - <2 
16 - 8 

S- ? 
~, -· 5 
2 - 6 
6-5 
l - 0 

11 - 9 

li'req 

6 
11 
1? 
12 

'I 
6 

10 
? 
9 
6 
8 

11 
1 1 
lZ1 

6 
:Lb 

g 
6 , , 
() 

20 
1 0 
14 
1 9 
10 
1 1 

262 

17 - 8 
8 - 5 

1 8 - 9 
? - '7 
3 - 1 
5- 2 
1-1 

10- 4 
?-4 
/,L - 0 

E. -o 
5- 5 

11 - 6 
} l;-5 

3 - 3 

1(; - 6 
3 - 2 

1 0 - 9 
H i - 8 
1 2 - 6 

G-0 

j'!' req 

6 
15 

'i 
20 

}:.' .. ) 
14 
4 ~:0 

6 
13 
15 
12 
2 0 

3 
•J n 
r-.JO 

'' (' 

15 
H 3 
1J 
1 :.:.) 
:1 .~) 

43 5 
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Chart XXI II 

- 0 I 7 

q 

7 

s 

I 
Hur11be r of Various Combinaticns a s 

0 fo und in: OS:BURH III M\TLT I P :L ICAT I Olil . 

Below diagonals: Head left to to p . 

Ab ove d i agonals: Read top to left. 

Se e pag e 21. 
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Chart XXIV. 

Osburn III Mu1tinlication - -- --······- - ~------ ------ -~---~--- --~·-· --- ...-- .-.-.. ..._._ .. ... ___ ~ -·---- --~ --- --~ -

-~ Comparison IVith Cl app Order of Diff iculty - B. ("decreasing order ) 

----------· -· ·--·-----...--.. __ . _ _______ _, ____ -----.. ---------~-----

Q,uart 1 l! req Q,ua rt 2 F req G~uart 3 F req , ~ uart 4 F re q 

Ox2 2 8x0 15 4x6 15 2xl 3 
C. -.r LJ. 
o./J'~ ..... 1? 7x3 14 4x4 5 2x2 3 
9x'f 17 ?x5 19 <1x'7 11 6x0 20 
8x6 21 6x7 20 3x1 5 3x3 7 
3xE3 15 9x6 21 6x1 9 Gx2 5 
?Jc6 26 6x6 16 3x6 7 bx 1 !':: v 
Ox5 3 5x1 3 2x0 6 lxO 4 
Ox? 3 6xL1 9 6x3 1 0 :.)Jc4 9 
.6x9 20 ?x'7 18 5x9 19 1:;~2 6 
?x8 24 7x1 3 2J{8 1 0 :3x8 L2 
4]-c[i 1 9 4x0 1 0 9x1 8 4x5 c\ 
ox a ~;:: Ox6 2 5x7 1 5 lx9 10 
?x4 (\(':\ 

I.J ~ 9x9 18 3x9 10 1x<3 ? 
9x0 11 9x3 J. :.5 4x3 6 2:x:6 g 
.sx? 16 3x0 7 3x7 1 3 1x3 ') 

(.y 

?x9 :~ o 4x9 l ,., 
.. . 0 2x4 5 ?x2 ~,: 

8Jc4 16 '/x.O .. .) 6x5 14 1x5 6 
6Jc2 9 9x5 20 bx3 10 2x5 6 
Ox9 2 8x5 16 5x0 g 3x5 10 
9J~8 :n Ox4 ·~ lx1 6 2J. 7 0 

Ox3 ;-:: 9:;c2 10 4x1 ~_) lx6 7 
6x8 ;~2 3J<: 2 i5 5x4 (I 1x '7 10 v 

Ox1 ~ r 5x5 J ~) 2x3 4 1-vLJ. 4 . ·" J>.. ~ 

3x9 21 5x6 18 2x9 8 5x2 ~\ 

8x3 (~ 5x8 16 4x2 6 cxo 2 

341 3 06 2 23 1 8 1 

32jb 2S'j'b 21 /'o 1'1/h 



Chart J.CJ:V. 

J.;rumber of Var io us Comb i nations as Found i n : 

OSBUHN ...:I::.:I::.:I=--_-.;D:..:I:..:V:...:. IG IO l~ . 

Red fi gures i n body denote d ividends. 
Top row of dig its a re d i vi s ors 

I 

~ " ' "" -..!1 t-.. ', ~ t'-. 

""" 
I ;{' "' It- ~ ,>. ~ ~ "' ~ 

~ ' ~ ~ ~ 

"' 
'.3 

' 
""' ~ -~ ~ ';!- :j. 

~ --.s 

t'-... ~ t-.... "'' 
!,., \;). I 

~ 
' 

"<) 

(1-. 

'"" ,~ I ~ ::s ~ .... ,, ... 1.:: ' 

~ 1 ~ ~\>.;, ~ ~ 

~ 
,.. 

~ 
-~ ~ ·c. ~ - ""' " 

~ H""'~~ 

::. I.,\., I...~~ 
" "'"' 

f " "" 
~ ~ ;. ..... 

..... .... ~ ':;t ":1-
" "'\ ~ 

~ i- ~ 1.., ~ ~ ~ ...... 

~ lo.. t-... ~ 1., ~ 

"' .... ... .... <!>-

~ ~ "') ~ ' ' ~ 

-- ~ -..!1 --..!1 ~ . ~ ' ' -

....... 
~ - ' ' ..... ~ -I 

~ ~ t-... ~ ~ ~ 

"'' 
~ X, X X X >< >< X 

~ t'--. ~ ~ ~ '<') 

~ ~ 

I ~ ~ 

<:> "" ' 
~ t: 

~ t-.... 

~ 
~ ~ 

-..!1 IS'-

lo.. ;,. 
.t 

~ ~ 

t ~ 

"'' 

I i "l 

~ ..... .... ,,. 

~ "') 

~ ~ 

' 

~ ' 
~ ' 

X X 
~ ....... 
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~ 

<:) 

\") ~ 

I) ') 

4-

~ 

~ 

~ ~ 

Q 
... 
"" 

'-\--"}~"') .. 
.. ~~~-~ 

i- ~ 

.. :: 

'-> 
<:> 

' "') 

"' ~ 

' 
'C) 

-x 
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43. 

Cba r t :xxv I. 

Osburn III Division 
- - -·----·-------' ------·- ------

Compa rison with Clapp Order of Diffi culty - B. (de creas ing order) 

c~uart 1 

4 97 '7 
b-176 
45 7 9 
27 -i-3 
5 6 -i-'7 
287 4 
2 L1 7 4 
3 6 -i-6 
487 6 
48-i-8 
~~ 17? 
1 8 7 2 
21 7 3 
36+ 4 
'72 7 0 
63 -i-9 
40 7 8 

3 5 7 '7 
3 5 75 
1 8 -i-3 
l b -:-3 
[_c 5 7 5 

Freq 

6 
Sl 
5 
0 

5 
5 
l 
F·J 

9 

'I 

6 
'( 

'( 

6 
8 
G 

1 31 

Q,uart 2 

L127? 
54-i-9 
3 07 6 
2 8 -i-7 
2LI,73 
27 -;-9 
6 Ll.::-i-8 
8179 
3 6-i-9 
1 8 -:-6 
6 3-";·7 

56 +£3 
1 -:"' . ,-... 
-~ 1.) -;- ,:::_ 

~21~+8 

? 2 7 8 
16-o-4~ 

30 -:-5 
J. L1 7'f 
l L_~ 72 
25 -;-5 

:B'req 

8 
4 
6 
'l 
2 
6 
6 
£ 
7 
4 
8 

]_ 

5 

5 
i~, 

3 

,, 
;(, 

3 

119 

quart 3 

1 2 73 
2476 

16-;-8 
]_ () 7t) 

'~+2 
1276 

157 5 

676 
20+5 

G--;-3 
40 -;--5 

672 

F req 

5 
6 

10 
4 
Ll 
' l 
0 

3 
1 
6 
1 

9 
2 
2 
3 
2 
3 

11 
13 

2 

Quar t 4 

9-i-l 
Ll + 4 
0+3 
3 +3 
5+5 
07 4 
9+9 
0+'7 
0+ 6 
(;..;-5 
671 
0+8 
l+l 
0+9 

2-i-1 
G-;-1 
87~2 

07 2 
4 +1 
'7 7 ]_ 

3 -:-l 

Freq 

l 
2 
5 
l 
4 
4 

1 2 

4 
l 
5 
1 
7 

2 
1 
2 
1 
2 
l 
J 



44 . 

Chart Y~""{VII. 

0 I ?-- ..3 '"/-- .s ~ 7 r q 

q 

f 

7 

~ 

s 
.J-1-

..3 

• ')--

I Number of Var ious Combinb.tions as 

0 s- ] 'ound in: OSBURN IV ADDI'l' I01'i . -IJ 

Below d iagonals : Read l eft to top . 

Ab ove diagonals: Read top to l eft . 

Upper addends represent the number of p r inlli.ry comb i -

nations . 

J,ower addends represent the num·be r of decC~.de combina -

tions . 

See pag e 21 . 



I. 

• 

Char t 2'Y...V III 

Osburn IV 1•ddi tion 
---------·-··-··-

Compar i s on u ith C1a~p Order of Diff icult y ,., 
- D 

------·-·- -------

C0uart 1 7)·eq C6uart 2 F rec1 C&ua rt '7.. l~'r ey v 

Ll+ ~: 2 1 1+3 2;2 1 +6 29 
9+ 6 3 0 8 +'/ 1 7 2+ ? 28 
6+ ? 26 5+7 1 t1 6+3 28 
8 +6 22 '1 +8 23 6+ 5 28 
6+ 9 2 2 2 + 2 f_)('l 

r~.., 1 + 2 3 0 
3+ 9 2 9 3 + 6 ') 'Z 

~jo 5+ 3 27 
5+ 8 3t1 8+3 1 8 2+5 35 
? +9 1 5 ? + 4 ;:;5 ~2+ 4 3 3 
5+9 23 9+4 1 8 3 +3 1 8 
3 + 5 26 1+9 36 5+ 6 2·~\ 
9+9 1? 4+ 4 ;) r:· '1+3 :)7._ 

t~O -'-''-' 
7 +5 2 1 1+8 3r~ 5+5 25 
4+ 8 22 2+8 l~l 4+3 :~ 'I 
2+9 25 :.J+7 87 6+ 0 
7 +6 1 8 2+6 ~~ ~~ ~3+4 36 
3+0 23 3 +5 20 5+ 4 .~3 
? + ? •:-l-J 

~~ ~+5 ~3 1+1 ~~() 
6+ 6 25 1 + 4 25 fHl 2 \ol 
4 + ? 34 1+5 ~h? 6+ 4 30 
6+ 8 18 1+'7 ~ ~-~ 2 + 3 'Z .... <.)v 
S+ ? ~26 9+2 ?,-~-5 0+ 9 10 
J + 8 2 2 4+ 5 24 0+ 6 ::!,' / 
9+ 3 19 3 + 4 16 '1+2 :82 
S+ 8 22 6+ 2 -~]_ 0+1 ;~g 

i.H9 1 8 1 + 6 ~s o ::Hl l 0 -- .., 

580 63 1 65 3 

24~-- 26% 27 ;; 

' 

45 . 

(decre~ s ing order) 

C"uar t t± Freq 

3 +2 1 8 
1+0 1 4 
6+1 27 
'i +l 20 
0+ '7 24 
0+4 3 7 
\..+3 39 
i-1+ 2 2'1 
2+0 16 
3 +0 l') 

(~ 

0+5 3'( 
4+ 0 l " . .L0 

0+ 8 ~21 
3+ 2 ;20 
5+2 t') '7 

.c~ c) 

5+0 9 
4+1 30 
? + 0 '/ 
2+1 33 
\H l ? " .~o 

5+1 )0 •..4::; 

0+ 2 32 
9+ 0 11 
G+O L2 
0+ 0 J. ~) 

550 

:23~; 

• 



Cb..art XXIX. 

Below diag onals: Read left to top. 

Above diag onals: Bead top to left. 

S ee page 21 . 

46 . 



4'7 . 

Cha, r t xx_x . 

Osburn IV Subtraction 

Compar i son with Cl app Order of Di ff iculty - B (decr eas ing order) 

______________________ .. ___ , ____ --- ------ -------------------~-

G~uart 1 J? req llua rt 2 Fre q Quc;.rt 3 }i., req C:,} .. 1ar t 4 F req 

11 - 3 9 6 - 3 
, .. 
0 10- 1 3 1'7 - 8 '7 

16 - 9 9 6 - 6 ·'l ~ - 2 9 E3- b 10 
8 - 4 1 6 1 3 - 6 . 8 0 - 8 15 1 8 - 9 9 

1 1-4 3 2 - 2 14 S - L1 18 ? -'1 8 
11~ - 9 8 E- 8 10 10- 3 5 :3 -1 ri 

? - 0 9 1 1-5 8 13 - 7 8 5 - 2 1 1 
S. - 1 4 6 -- ll 'I 12- 7 8 1 - 1 ]_ ::_) 

15 - 9 9 10-? 6 s - ? 11 ~ . r-; 
• .. J -\. J 

... 6 
<;; - 0 1 2 1 ~2- [5 9 ? - 6 ? 1 0~.4 12 

11-2 ? E~ -1 4 6-1 5 ? - ~ 12 
1 1-? 11 J.Ll - 6 1 2 3 - 0 12 f.l:- 0 15 
1 5 - 8 10 b-1 3 2-0 J:3 Ll - 2 10 
13 - 5 C) 

lJ 11- E.\ 8 14- 8 6 8 - 0 6 
16 - '/ 6 1 4 -'1 7 12 - 8 6 5-5 11 

9- 9 J. 6 ? -·1 4 1 2 - 3 ('• 
( ) 11-6 H 

1 4 - 5 6 <:?-6 8 6 - 2 11 10- 5 6 
13 - 8 s~ Ll -l 6 8 -3 ]3 " "7 "'.!. 

~~ - 0 ]_!) 

10- 2 :..: 15-6 7 1~~ - 9 ? tl -3 6 OJ 

13 - 9 (~ _, 7 -5 l t± 1 6 - 8 11 Ll-4 :13 
13 - 4 3 ~::~ -1 9 S- '1 18 1 0 - 6 14 

5 - 0 ... 'l - 3 5 9 - 5 JJ 3 -2 10 
5 - 4 ]_!J: 8 - 2 0 

C..l 8 - 6 9 J..0-9 7 
6-0 n _ 15- '7 l l 6 -5 1 3 1 0 - 8 9 
9 -3 '/ '/ - 2 u 1 - 0 r · 12-6 H 

17 - 9 l _l}: 12- 4: s· 11- 9 H 0-0 1 ~~ 

222 1 99 242 245 

24;;; 221~ 2'1 ~'-' 2?/; 



7 

I 

0 

48 . 

C:b..ar t :x:xxr . 

0 I 7 

l~ um1Je r o f Var iou s Combinat i ons as 

found in: OE:BURE IV HULT IPLICJ~TIOH . 

Below d i agona l s : Read l eft to top. 

Above d i a g ona l s : Read top to l eft . 

See pag e 21. 



49. 

Chart XXXI I. 

Osburn IV Hulti:plication 

Compar ison ·with Clapp Order of Di fficulty - B. (decreasing ord:er) ' w 

----· ~--------- - -·---- -------· 
Q,uart 1 Freq ~uart 2 Freq Q,uart 3 ] 'req quart 4 IPreq 

Ox2 2 8x0 24 Llx6 1 8 2xl 7 
9x4 17 ?x3 15 4x4 10 2x2 ,g 
Sx? 20 7x5 20 4x? 12 6x0 8 
~~tx:6 19 6x'l 18 3xl e-;) ox3 10 
8x8 20 9)c6 16 6xl 13 8x2 8 
~ ~ ~x6 20 6x6 25 3x6 11 Ux1 10 
Ox5 2 5x1 n 

0 2x0 6 1x0 5 
Ox? 3 6x4 1 8 6x3 10 3x4 12 
6x9 29 ?x'l 16 5x9 18 1x2 6 
7x8 2 4 'ix1 11 2J~8 

•") 

3x8 15 1" .:; 
4x8 11 4x0 12 9xl 11 4x5 11 
Ox8 r/. Ox6 3 5x? 1:3 l x9 1? t} 

7x4 17 9x9 15 3x9 1 6 l x 8 13 
9x0 J.() S;:x:3 19 4x3 ll 2x6 11 
t3x7 11 3x0 8 3]c? 8 1x3 0 ,, 
?x9 l d 4x9 12 ;.~;.:;{ 4 J.l ?~x2 12 
8x4 17 'fxO 14 6x5 19 1x5 1? .... 
6x2 '.1 9x5 15 5x3 n 

2J~~ 5 13 () 

Ox9 3 8x5 21 5x 0 1 0 3x 5 9 
9x 8 ') l 

;..,.)_ Ox4 2 lx1 5 2x? 9 
!...:)C 3 ~2 s~x2 6 Llxl 5 l x6 9 
6x8 ') ,-. 3J<2 'l 5]~4 

,.., 
1x? 10 ·-' () f .) 

Ox1 :~ 5x5 14 ~: x3 6 1x 4 13 
8x9 ~22 bx6 1 <± ~2x9 7 5x2 8 
8x 3 J. O 5xo 11 L1x2 s OxO 4 

338 344 258 2Ll7 

28/b 29;-a 22/b 21/b 
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51. 

dbart XXXIV. 

Osbu rn IV Division 

Compar iso n with Clapp Order of Difficulty - B. (decreasing order) 

--- --,--··------

Q,uart l Freq quart 2 Freq Quart 3 F req Q,uart 4 Freq 

L1 s~ -;-? 1 0 427? 6 18 +3 9 S+l 0 .., 
:_A -;-6 3 54 -;-~') 9 84+6 10 4+1 9 
l._: 5-:-~: 9 30+6 5 ;32+8 4 0+3 '( 

8'7 +3 ? 2,[3. -;-? '{ 8 -7 Ll 6 3+3 7 
56 +? 4 ') Ll ... :_: :: 

~ ~ . t.) 5 c ·7. 
~ -;-.:; 8 5-;-5 8 

2 2. -;-Ll 'i 2779 1 0 l ') ..:.... ') 
-t....J • r._, 5 0-7- <::b 't 

~~4 ~-/l 6 64+8 11 16+8 0 
"' S +S 1 1 

~3 6 +6 10 Sl +9 ? 10+5 n (J -;-'f 4 ;; 

L~ G -7-C l l 36 7 9 '7 J _!_J ) 
.:::. t:....J 4 0+6 5 

L:: (. . -;- (~~ 9 18+6 11 12+6 0 (; ..:.... >=; Li_ (.) . ~ 
~1 -;-.r; 5 63 +'7 (:) !:) -;-]_ .) 6+1 7, 

v 

l(',-;- ~2 3 ,,~ ;~ -;-6 7 157 5 ,-:;, (.:-;-8 'I 
21 7 3 5 f·C+ 8 8 l b -7-9 10 1-;-]_ 4 
~:, 6 -:-t± ,, 

v 16+2 5 6+6 5 0-=-Cl '{ 
1 i;~ -;-9 r/ ~:4 +8 

,,, 
C) 20+5 9 [ ,-;-1 3 

63 +~ · c) 7 2 ...;-8 'I l)...:._•; 5 ~2 +1 ' L 
·'· '--' ~~-· ·-' 

'l:0 7 C) ? 1 6+4 '( 1072 3 ()..;-]_ 2 
7. " ..:.... L! ,_ ,::,. . ,; 

r; 207 4 5 6 +3 5 F~ +-2 5 
3S + 7 5 30+5 r ; 40+5 7 (!..:....') 4 I . "' 
35 + 5 £:) 14+7 g [' • " .· 7 0 ? Ll -7-1 Z1 
J. c. -;-;:~ r/ l Ll -7-2 4 ?-:-7 \} ? -7-l ';"1 

15+3 Ll 25 +5 r; 12+4 9 3+1 
... 
1:.~_) 

L_:, 5-;-5 r, C+2 t '-' 

153 1 60 1 55 118 

26.7'; 27 /; 267b 20.% 



Chart X.X..~'CV . 

Osburn II, III and IV Add i t i on 
---- -- - -----~---· 

ComlJar i s on with Clapp Order of Difficulty - B (de cr easing order) 

--- ------·-----·----·-·---· --------- ·------------

~uart 1 :B' re q (~uart 2 F r eq Q,uart 3 F req Q,ua.r·t 4 J;'req 

4+ 9 45 1+3 ?5 4+6 6 1 3+ 2 45 
9+ 6 LL ,, 

~o 8+? 44 2+ 7 66 1 + 0 36 
6+? 55 5+ '7 45 6+3 59 6+1 ;,;,s· 
S+6 50 7+8 4'7 6+5 61 '7+1 L1 '7 
6+ £l 51 2+2 69 1+2 69 0+ 7 5 1 
3 + 9 5 4 3+6 Ll 0 ..:v 5+3 63 0+ 4 '75 
5+ 8 60 8+ 3 LA 2+ 5 ?8 0+3 (33 
7 + 9 " · r~ '-' •J 7 + 4 .(~6 2+ 4 '15 4+ 2 61 
5+ 9 46 9+4 LlQ 3 + 3 L~ ~ 2+ 0 4:() 
8 +5 !:~6 1 + 9 ? 4 5+ 6 5'.J 

-~ 3+ 0 3 2 
S+ CJ 3(~ :· 4+ 4 63 '1+3 46 0+5 '72 
'1+5 f± ~L 1+8 [3rl 5+ 5 L• 0 _;..,; 4+ 0 29 
Li:+8 ~:. 7 2+8 51 4+ 3 6 d o+e 52 
2+ 9 ;::, J. 3 + ? 56 6+ 0 26 8+ 2 3'/ 
7 + 6 3:~::' 2+ 6 57 ~3+ 4 6? 5+ 2 c: .... , 

()~) 

3 + 8 i_t!=) 3+5· ti () 5+ 4 ,. •') 
t) i-J 5+ 0 :.~g 

7 +7 4.: ::~ 9+5 Lk l 1+1 56 4+1 6 S~ 

6+ 6 ::i l 1 + 4 '1 6 8 +1 l')LJ, 7 + 0 '.) . -,~ 

. ~.J 

L1+'( ()~) 1+ 5 1 ()' I 6+ 4 il£' 2+1 75 
6+ 8 li: f) 1+7 82 2 + 3 '71 S+1 i~:2 

9+'7 ;J 3 9+2 4.3 0+ 9 4:2 5+1 5 'i 
8 + 8 .:?: <!: 4+ 5 48 0+ 6 EJ 9 G+ ~2 '/5 
9+3 _i1;( ) 3 + 4 .. v ..:0 'i+2 [: '/ 9+ 0 3:;~ 

9 + 8 2.~. ~.' 6+ 2 5? 
-~ 0+1 '/ 6 8 + 0 ·~:~ tS 

8 + 9 L1 ::, 1+6 8~~ 3 +1 LJ: :2 0+0 ~ , . 
~)I) 

1195 1479 1 460 1 253 

22;1; 27% 2? /b 235; 



53. 

Char t :!J"'-''CV I. 

Osburn II, III and IV Subtraction 

Comparison vr ith Cl app Or der of Difficulty - B (decreas ing: order ) ' -· 

-- -·--- ·--·-···---------- __ _.. ..... -- ----·-~- -- ----- -··- ·--··--- ·· - ·----

Quart l ] 'req C~uart 2 Freq Quart 3 Freq_ Qua.rt 4 Freq 

11 - 3 16 6 - 3 22 10-l g 17 - 8 13 
16 - 9 1 4 6 - 6 39 S- 2 2 '7 F~ - ""-, 3 1 ~ v 

f.:: - 4 33 13 - 6 20 9- 8 L1Q l U- 9 1 6 
l l - Ll 12 2 - 2 69 9 - 4 36 '7-'1 ..... ~ ";;. 

vv 

1 4- 9 1 9 8 - 8 35 1 0- 3 12 3-1 21 
'1- 0 20 11- 5 19 13 - 7 1 4 b- ~ 31 
S' - l 1'1 6 - Ll 25 12- '1 1 8 ' ., 

.J~ - J_ 6fj 
1 5 - S ~~l 10- 7 21 2- ? 25 r~ - '7 . j -v J c - .... 

~ -0 ~~ ri 1 2 - 5 17 '/ - 6 22 10- 4 25 
11- 2 11 8 - 1 16 6- 1 16 '1- i.~ ~~ 5 
ll- 7 ~?.1 1 4 - 6 20 3 - 0 26 t.l - 0 3 3 
1 5- 8 () ' ) 

r...Jr...: 5-l 1? 2 - 0 30 l~ - 2 ~)6 

13 - 5 l~~. 11- 8 21.!: 1tl- 8 1'7 8-0 15 
16- ? J i~ 1<1-7 11 1 2 - 8 19 5- t 4 5 

\, -· £l ~3 '/' - 1 16 12 - 3 14 11-6 :.23 
ltl - 5 12 <2-6 2 0 v 6 - 2 34 1 0 - 5 1 9 
l~-s - 8 ~2L1 4-1 1 ? 8 , ') ( \ 3 ' 7. '/6 - .) ,__.; - o 
J.0 - ~2 J :<: 15-6 15 1(2-9 13 /~ - 3 20 
13 - 9 1~ '? - 5 2,6 16 - f: 19 4 - 4 t~. () 

I t~ 

12)- 4 11 2 - 1 . 26 £;- '/ 42 10-6 '.J C' 
(--..J o • .! 

5- 0 ~ "' ,.., !::.. ._:) 7 - 3 18 9 - 5 'lC; 

""'"' 3 - 2 ;)4 
5-tl ( l £1 8 - 2 23 8 - 6 2 '7 10- 9 l E) 
6-0 ~~. 2 15 - 7 16 6-5 

' 7 0 
~) O 1 0- 8 22 

s. -3 2 Lic ? - 2 2 7 l-0 28 12- 6 21 
1'1 - 9 2 S 1 2 - 4 J.5 11 - 9 1 9 0 - 0 ~~ ;.:~ 

--501 593 603 '1 '1 '? 

20% 247~ 24~?, 31~~ 



54. 

Chart XX.J'CVII. 

Osburn II, III a nd IV Multip lication 
- ----·--------- ----------·-

with Clapp Or der of Dif f iculty B . (decreasing orde r 
\ Comparison .,.. ) 

---~--· -~---·-- ~·-·- ------· - -·~·--_..--P•-··- ·~-..-------· -·-- ... -... -~ ------ ---
Q,uart 1 Freq Qua rt ....... 

;::: F re q Q,uart 3 F req Q,uar t 4 F req 

Ox2 6 E3x0 41 4x6 35 2:x:l 1 2 
9:;t4 34 '7x3 3 1 L1x4 1'7 2x2 15 
9x '7 3'/ 7x5 39 4x7 23 6x0 3 0 
E3x6 L.~:O · sx7 38 3xl 1 2 3·x3 1 9 
8x8 35 9x6 37 6xl 2 L} 8x2 15 
'7x6 46 6x6 LU 3x6 ;r :, u 8xl 1'7 
Ox5 7 5xl 13 2x0 1 '"' .) l x O 11 
Ox? 8 6x4 29 6x3 22 3x4 ~3 3 
6x9 LJ:9 '7x7 34 5x9 37 1x2 i " -'- 0 
'7x8 LJ:8 'lxl 16 2x8 •) ., 

-~u 3x8 ') ~-
"J D 

4x8 3() 4x0 ~~4 9x1 :)') 
••-'t-·..t 4x5 ~2 1 

Ox8 7 Ox6 7 5x7 2t:: l x9 2<3 
?Jc4 70 

.) •' 9x9 33 3x9 ~6 l x8 ') · ) 
,:._; ,: J 

9xO .2~ 9x3 ~~; ? 4x3 1 . 2x6 ~~~ -~.., 

GJ-c? 2 "1 3x0 l? 3x7 - ~ 3 l x3 13 
'lx9 =~ s 4x9 ~25 2x4 1<.~ ?)C2 .:-·) ·z 

. ... .J -...) 

8x4 3 s; ?xO 19 6x5 ' ~ r-, 
l x5 ~ ~ 0 '" ~ · -~"> 

6x2 ::~0 9x5 ~:· 5 5x 3 ;~ o 2x5 . _. -1 
,,;_'.-

Ox9 ? 8x5 c~ r1 5x 0 :-n 3x5 •) -1 
·- ·' t . ..J..!-

9x8 1±2 Ox4 6 lxl 1 Lj. ~Jc? - ! 0 
-~- J 

Ox3 t .) 9x2 J_ ;3 L1x l J O l x6) J (~ 
6x8 ll[i 3x 2 15 !Sx4 1 (~ l x ? :. ~.--~ 
Ox1 6 5x5 i~ rJ 2x3 l ·) 

· '- ; .._. l x4 19 
8x 9 !~3 5x6 3~3 2x9 H i 5x2 J_ ~; 
8x3 20 5x8 :~? 4x2 J.? O:x:O ;?, 

699 676 . 520 4'76 

29/b 29% 22;;; 20% -



55 .. 

Cha rt ~:~;:~::VI I I. 

OslJurn II , III and IV Oi vision 

Con.1:parison \v ith Cla}/P Crde r o f Diff icul ty - J3 (dev reas ing ord e r) 

--- . ·-----------·-· -----

~~uar t 1 J' :ceq (vuar t ~3 Freq (~ua:c t 3 :Ei'r eq ()J.art L1 ?req 

4~ 77 1 6 /~ 2 77 14 1273 17 9 71 1 3 
54:7 6 12 5479 13 247 6 20 4 7 4 16 
(579 14 307 6 11 '.\ I) . 0 

\ .J ;....J • l) 14 073 17 
2 '773 12 2877 1t1 8 7 1l 1 5 3 73 1 3 
56 77 SJ 247 3 10 (. ...:_'1, 1 7 575 1 9 •. •V 

287 4 12 2 7 7 9 J6 127 2 l ' ) 
- f.J 074 1 6 

2L1 7 4 10 647 8 1? 16 -.'-8 ~~~ s~79 2ts 
367 6 li::~ 8 1 7 9 16 1 075 16 077 13 
(87 6 20 36 +9 '1 Lb if • '") 

;.: -;-~ c 
,J 07 6 J4 

487 8 I 8 1 8 7 6 'l l f..J·"- 1 276 H3 0 + 5 14 
81 77 JS 63 77 1 6 b7 1 r( 671 '{ 

1 8 7 2 1 •) - -(_. L~276 .L 6 15-;-5 1 3 0+(3 1 6 
21 7 3 -~ ') 

J... :..J 56 7 8 ., ;) 1 8 7 9 (~ ~2 171 c-:, 

Z:674: 9 1672 s-, 6 7 6 2 1 o...:_c· 1 r·; ~- I 

72 7 9 J:) "1Li. • n J ? 2 075 1 6 8 71 ' ' ~~ ~ •O (_ ) 

63 7 9 1 6 ?2 -;.-8 'l ;) <) ...:_C) 12 2 71 e - ....... J . t-.J 

L_!:Q 7 8 J .~ 
,) 167 4 ! ;) 107 2 l (J 07 J. I= ,_, 

7 9 ..:..LL v , ............ 1 ~~ 207 4 11 6-!...'Z. 
•V 1 t1 8 ...:_C_) . '-' 1 1 

357? 
., 

~~) 307 5 :10 L1 0 75 'I () (j -;-2 10 ' 
35+5 ~I ') 

; "-..} 1477 ' I H D7 Cl ~ ) ' ) 
i '.J I·J 4 +1 b 

H 37 3 ·_1 _ :~; 1472 ( .' '1 +'1 ; :~ 6 '/71 'I 
157 3 "! -, ') l= ·~ t::.:... ._; -.-'IJ i Lb 127L1 1 5 ;:'. 7 1 8 
45 7 5 ') 

:~ 6+2 1(1 

307 3 11 3 5 8 2?6 

24_% 25~& 29?; 227; 

I 
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IV 
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Comparisons of percentages of frequericy of appearanc e of com-

b i nat i ons with Clapp Order of Diff iculty - B. 
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IV 

Subtrc.c t ion. 

Compar isons of perc e ntages of frequency of appearance of com-

b i nat i ons with Clapp Order of Di f f i cu lty - b . 
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IV 
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b inat i ons with Cl app Order of Difficulty - B. 
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7 

{p 

s 

4-
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?--

I 

{) 

Chart XLIII. 

0 I ?-- 3 ~ s 4 7 r 

Number of Var ious Combinati ons 

F ound in: CI ..A.PP IV 

Be low d iag onals: Read left to top . 

.Above d.iag onals: Head top to l eft. 

..;~DD I T ION . 

60 . 

CJ 

C:l .. S 

Upp er addends represent t he nu~b er of pr i mary combi­

nations . 

Lower addends represent the nwnber of de cade comb ina­

tions. 

See pag e 21. 



61. 

Chart XLIV . 

Cl app IV Add i t ion 

Compari son with Cla J:lp Or der of Di ff iculty - B (de creas i ng OHl e r ) 

----~ ... --------·- ·--·-----------------·---·-·----·- ~--~--------·------

C:~uart 1 Fre q C~uart 2 Fr eq ~luur t 3 ll' req G:~uart 4 :Freq 

4+ 9 41 1+3 11 4 ~+ 6 51 3+2 82 
S+6 t13 8+ 7 46 2+ '7 '7 0 1 + 0 76 
6+ 7 50 5+7 Ll ~-..:0 6+ 3 8 5 6+1 l'/2 
3+6 51 7+8 40 6+ 5 56 '1 +1 '7 4 
6+ 9 3 ~'i ~2 + 8 118 1 + :2 116 0+? Ll'i 
3 + 9 5Lj, 3+ 6 59 5+3 8 2 0+ 4 10'7 
b+ 8 L)J~ 8+ 3 go 2+ 5 82 0+ 3 89 
7 + 9 36 '/ + 4 54 2+ 4 89 L1+2 100 
8+ 9 35 9+ 4 44 3 +3 54 2+ 0 53 
G+ 5 5'7 1+ 9 8 0 ~+ 6 43 3+ 0 LJ:6 

9+ 9 35 L1+4 f3 ? '1 + 3 48 0+5 '(9 

'7+ 5 41 1+ 8 00 .5+ 5 4 9 4+ 0 L13 
4+ 8 i;"t; :.~ 2+ 8 '/ 1 4+3 91 \.i -1- 8 4 6 
2+ 9 r· ·.) 

.).-....~ 3+7 5 5 6+ 0 L~ () 8+ 2 l OB 
'1+6 L,o 2+ 6 7 7 8+ 4 69 5+ 2 109 
3 + 8 4£' 3 + 5 59 5+ 4 ;3o 5+ 0 52 
'7 + ? .t}.: 5 ~::+5 4 5 1 +1 131 4+1 1 62 
6+ 6 t.J/1 1 t 4 118 8 + 1 120 7 + 0 40 
4+? fjl 1 + 5 1 08 6+ 4 60 2+ 1 1 74 
6+ 8 ;,h (3 1 + '7 92 2+ 3 91 9+1 69 
9+'1 <0 9+ 2 6 4 0+ 9 nLi. . .) - 5+1 116 
3H3 ' ..... 

' :!:<..) 4+ 5 69 0 + 6 58 0 + 2 l:-~2 

C+3 (\~l 3 + 4 55 ? + 2 63 <)+ 0 32 
9+ 8 Ll(} 6+ 2 114 0+1 151 8+ 0 t1:2 
8 + 9 z. ·;l l .J.. ~ ·b 8 1 3 +1 sa 0+ 0 '15 

1136 1 8 75 911 2 1 20 

1 9/b 3 110 1 5/'j 35>~ 

- ·· 



7 

I 

62 . 

Chart XLV . 

I 7 r 

Humb er of Various Combinations as 

F ound in: CLAPP I V 

Be low d i agona l s : Read left to tDp. 

bove d iag onals: Read top to left . 

See page 21 . 

SUB'l'FJI..C'l' IOH . 



63. 

Cha rt XLVI. 

Cla:9p IV Subtr a ction 

Com1Jar i s on wi th Cl app Orde r o f Di ff iculty - E ( decreas i ng ord er ) 

-- ·· -~-----------...- .. ------- ----·-- ---·--- - ------ ~--------- ~-· ~-- -----

Quar t 1 F r eq (~ua. rt 2 Freq Q, uar t 3 F r eq_ (~uar t 4 F r eq_ 

1 1 - 3 31 6 - 3 38 1 0-1 29 l ? - 8 44 
1 6 - 9 31 6 - 6 3£1 9 - 2 39 8 - 5 48 

2 - L1. 48 13 - 6 44 9 - 8 '70 1 8 - 9 ~33 

1 1- 4 L.i:5 2 - 2 4 0 9 - 4 42 7 - ? r··c ;:::..., 

1 4- 9 3L1 8 - 8 42 10- 3 2 7 _;) -1 4" . 0 

'l - 0 50 1 1- 5 35 13 - '1 ~28 5- 2 48 
~: - 1 G9 6 - Ll 59 12-? 40 1 - l 38 

1 5 - 9 Yi 10- '7 45 8 - '7 Ll6 5 - 21 39 
s-o <W 1 2 - 5 28 7 - 6 6 5 10- tl 48 

11- 2 27 8 - l 29 6-l 33 7- 4 b6 
1 1-7 :::-2 l tl -6 48 3 - 0 56 tl-0 68 
1 5 - 8 Z>9 5-l 38 2 - 0 77 LJ. - 2 66 
13 - b :38 l l-8 z~ g ]_ f.!: - 8 53 8 - 0 52 
l - r · __ b - I zlo 14- 7 'ZQ 

<..) .,., 1 2 - 8 50 b - b 32 
~: - 9 :?.? 7 -1 35 1 2 - 3 32 11 - 6 LJ:3 

1L1 - 5 ~; ;2 9 - 6 46 6 - 2 53 10 - 5 4 '1 
13 - 8 ~) tS 4-1 35 8 - 3 36 3 - 3 3 3 
1 0 - 2 46 15- 6 33 12- S 39 4 " - o 55 
1 3 - 9 :t..tl '1-5 6 1 16- 8 41 Ll - L_L 38 
13 - 4 :) 1 2 -1 54 9- 7 L10 10- 6 51 

5 - 0 6~~ '/ - 3 35 S'- 5 l:z'/ 3 - 2 ?6 
5 - 4 . 1 . __ ~- 8 - 2 L12 U- 6 7 1 10- S 3 ? 
6-0 Ll r( 1 5 - ? 33 6 - 5 51 l0- 8 61 
(" 'l .} - t) z., tJ: ? - 2 L17- 1 - 0 66 12- 6 4'4 

l? - S ~ 1 1 2 - Ll 32 11 - 9 Ll Q c-o 6LJ, 

.9'7 2 ·lOll 11 '/9 1 193 

22c: /O 23% 27;~; 2'7 'ja 
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64 . 

Chart Y~VII . 

0 I 7 r 9 

' Nwnber of Various Combina tions as 

Found in: CLAPP IV 

Below diagonals: Read left to top. 

Above diag onals: Read top to left. 

See page 21 . 

MULTI PLICATION . 



65. 

Cb...a.rt XLVIII. 

Cl app Dl Mul ti:plica tion. 

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

___ .., __ .... . ____ .... _ . .._ ______ . __ """-··- · -~----... -~--.- ·----
Q,uart l Freq Q,uart 2 J!,r eq_ r~uart 3 Freq ~~uart 4 Freq 

Ox2 31 8x0 52 L1x6 57 2xl '/7 
S:x:4 45 'l:::c3 57 4x4 r;g 2Y~G 72 
~---x? 3'1 'lx5 50 4:,'Cr7 49 6x0 LJ::8 
8x6 45 6x'7 IJ:2 3x l 84 3x3 67 
8x8 44 9x6 39 oxl '/4 8x2 62 
?x6 54 6x6 L.i,5 :..:_:,.:x.6 55 nx l 66 
Ox5 ~2 5 5xl 8 0 2x0 58 l x O L_:,g 
Ox ? J n _Q 6x4 65 6x3 53 3x4 '/() 
6x9 44 7x? 44 5x9 40 J.x2 69 
'7x8 .,;,6 ?xl ?3 2x8 5 5 3x8 F':) 

u .~ 

4x8 <L ,1 4x0 45 9:x:l 50 4x5 50 
Ox8 l •J Ox6 17 bJ~7 ib6 l v O _ ......... o/ 41 
?x4 62 C; 0 ..,x ..... 3L1 3x9 ;:_!: 3 l :x8 !5 5 
S:xO ,: ~= t/ 9}C3 42 4x3 'i () 2x6 56 
8x7 50 3:;~ 0 59 3Jc? i!:9 J. x 3 (i3 
7Jc9 40 4v0 44 2x4 :) ~-, ?x2 '/3 .h~ -··~ 

·3X4 65 7x0 48 6:K5 51 l x 5 64 
6x2 ~ -.. c 

'f () Sx5 44 5;c3 6 9 2x5 59 
Qv() 

J\..~ ~;' s~c 5 58 5x0 5cJ • J 3x5 5o 
s: ~~~s L~ () Ox 4 25 1:-~ 1 'I 'I 2x? 8 ? 
Ox3 ~2 1"1 9:;c2 42 4xl :_>.-:; lx6 61 
6x8 

ry ,. , 

.:,) () 3x2 72 5x4 66 1x 7 55 
Oxl 3 3 5=x5 50 2)~3 6LJ: 1x4 r; IJ: 

c3J~9 ·7 (" 5x6 44 2"'0 i~J. 5x2 76 '-' .") J\..., 

8x3 ~~5 5J~8 51 4x2 U'l OxO \;,1 

1015 1222 1 539 1480 

197;; 23/b 29/~ 28.% 

"----:-
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6'1 • 

Chart L. 

Clapp IV Division 

----·--------

Comparison with Clapp Order of Di ff iculty - B. (dec reas i ng order) 

- - -----··-- --·---

c•uart l -,, 

Ll~. -;-( 
10 L1 ...:... " v"' . o 
L15 -;-S 
27 +3 
56 +'7 

36 + 6 
·~: 3 +6 
48 +8 
21+7 
1 8 +2 
2 173 
36 +4 

63 -:-9 

1 8 +3 
15+3 
45 +5 

Fre q 

1 4 
1 5 
1 2 
18 
13 
1 6 
18 
15 
19 
15 
17 
23 
1~ 

') 1 r._, ~ --

~j- <3 

373 
245"b 

Q,uart 2 F req 

42 +'7 11 
54 +9 1 6 
30+6 12 
28+7 14 
~~'1 +3 1 g 
27 + 9 13 
6Ll-;-(_\ 17 
01-;-S' J. L1 
~) 6+9 13 
H3 +6 15 
63 + '1 1 9 

. .(~ ~+6 13 
56+[; :1 3 
16+2 :t 4 
~~4+8 J. Ll 
7 ~2+8 14 
1 6 +4 :1 Fs 
20+4 :1'/ 
3 0+5 :1 Lj, 
14+7 ~ I 6 
1 4+2 1 ;/ 
~25 +5 ! 6 

329 
21 5~ 

qua rt 3 F re q 

1 2 +::. l g 
2'1+6 1 9 
~2+8 17 

c +4 22 
~- +3 19 

12+2 1 9 
16-;-8 16 
10+5 16 

!J +2 31 
1 ~2 +6 1 6 

5 -;-J. 1 8 
1[).!-[ ; J g 
1 () +9 J ;:, 

6 -:-6 1:.5 
20+5 1 5 

27 2 2b 
10+2 ~ J 

6 +.3 2 () 
L;; 0+5 J fi 

[) -;-8 J Ll 
'i ..:.-'l 1 4 

1 2+4 28 
6 + 2 ~:::0 

423 
2 '7 /:) 

Quart 4 

Q ..:..., 
v • .l.. 

5 -;- 5 
0 -;-Ll 
s + <J 
0 -;-7 
(J -;-6 

0 +5 
6+1 
CJ +G 
J. +1 
L .. +9 
b -;-1 
2 +1 
0+1 
8+2 
0+ 2 
Ll -7-1 
7 +1 
3 +1 

F req 

30 
')'7.. 
r~O 

24 
20 
19 
1e 
]_;j 

20 
13 
) 5 
1? 

i-.!. 0 
16 
:16 
21 

:20 
34 
15 
16 
JA 

423 
2'f j_, 
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Chart LI . 

0 I 1-- ....:3 .1-1-- s (p 7 r 

Humb er· of Various Gomldna tions 

Found i n : CLAPP v ADD I TI ON . 

Be lovv d i ag onals: 

Above d i agona ls: 

Read l ef t t o top. 

Head top to left . 

68 . 

q 

as 

Upper addends re present the numb e r of :pr i mary combi -

nations 

I ,owe r addends represent the nU!!tbe r of decade comb ina-

t io ns 

Se e :pag e 21. 



69 . 

Chart LI I. 

Add ition - -- -----·-------

,_/~ Compar i son wi th Clapp Or de r of Di ff iculty - -~· (de crec:t.s i ng orde r ) .u 

·--- -~---~-

:--~uart 1 :J' req Quart ' ) 
'~ F req (·(. u<.:>.rt 3 li'req ~~~Uc.r t 4 i.i' rc.: cl 

4+.:.- 44 1 +3 118 '1+6 57 3+ 2 8 1 
S+6 4 4 8+ ? 43 2+7 6 5 1+ 0 (3 3 
6+ ? Ll3 5+ '7 46 6+ 3 d3 6+1 ]_ ;3 ]_ 
S+ 6 59 7+8 36 6+ 5 66 '/+1 71 
6+ '? 3tl 2+ 2 1 3'/ 1+2 1 2 0 0+ 7 54 
3+ £ L~ '/ 3 + 6 6 5 5+ 3 88 ()+ 4 109 
5+ 8 "-" 2 8+ 3 9 6 :2+5 d 1 0+3 110 
? + 9 Yl 7+4 52 2+ 4 94 L1+2 103 
5+ 9 o.:~ 9+ 4 49 3+3 61 ~2+ 0 5 U 
::+ 5 5? 1+ 9 8 5 5+ 6 •1'7 3+ 0 51 
9+ 9 C-0 L1+4 E/7 '1 + 3 42 0+ 5 66 
'1 +5 ~~ l 1 + 6 ~n 5+ 5 63 4+ 0 ~~ ~-~ 
4+8 r\ ~ ~~+ 8 60 4+ 3 ~,1 9 0+ 0 5LJ: ~- -_., 

2+ 9 :~·~ '~ = . 3+7 51 6+ 0 <12 f3+ 2 1 12 
'!+6 0 2+6 6 S· EH4 'fG 5+ 2 ll l 
3 +8 5 ·:) 3 + 5 59 5+ 4 'l L1 5+ 0 5E3 • J 

? +7 3 0 9+ 5 l}./1 1+1 1 ti '/ ~+ 1 192 
6+6 '~: 5 1 + 4 113 8+1 160 '?+ 0 ~) 9 
4+? 4:7 1+5 1 1 1 6+ 4 '(3 2+ 1 203 
6+ 8 .· r "l 1+7 99 ~.2+3 11 2 £+1 'I 3 ~~ .. _ ; 

'~+7 3'7 S: +2 55 0+ 9 34 5+ 1 1 ~27 
8+8 41 4+5 65 0+ 6 61 0+ 2 l2S 
S+3 53 3+ 4 '76 '/ + 2 62 9+ 0 08 
9+ 8 tL2 6+ 2 l 0 1~ O+l 155 G+ O 1~0 
3 + 9 ,bE) 1+ 6 ~ i1 3 +1 111 v+ o ·n 

1140 1 917 2075 2264 

1 5~,~ ~6/b 2 8/u 3 1~" 

~--
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. -~ 

'( 0 . 

C:b .. art l ·II I. 

0 I 7 r q 

Number of Various Combina tions a s 

F ound .. in: CLAPP V SUBTR . CT IOl~ . 

Below diag ona l s : Read left to top . 

Above diagonals : Rea d top to left. 

See :pag e 21 . 



'/1. 

Chart LIV . 

Cl app V Subtraction 

--
Compar i s on wi th Clapp Orde r o f Di ff iculty - B ( decrea s ing orde r) 

Q.uart l F req ·-vu a rt 2 J?r eq Quart 3 F req (6uart 4 Freq 

ll - 3 ~') 0 6 - 3 48 1 0- l 31 l'/ - 8 45 
16- 9 32 6 - 6 36 9- 2 4~ 8 - 5 55 

[~ - 4 42 1 3 - 6 4 1 S- 8 6 6 1 8 - 9 36 
11- 4 Ll4 ~ - 2 L.!: 2 9 - Ll 4 7 '/ -· 'I 28 
1 4 - 9 35 b- 8 3 '/ 10- 3 " .... ::...b 

,., •t 
t..J ••.J.. 50 

r/ - 0 5 4 11 - 5 3 '/ 13 - 7 30 t:~. n 
v ·- G 54 

S-1 ';') 6 - 1.1 63 12- 7 ~ o 1-1 3? '- ~ .) u 

1 5 - S= "0 t) ,;, 10- 7 L:bQ G- '1 58 
h. ,..~ ..,- .:; 4 ? 

S- O LkO 1 2- 5 ' ) 0 '-'v '1 - 6 75 10- 4 55 
11- 2 33 [:3 -1 29 6-1 '7 (::.: '!- Lj, 50 ...J v ·' 
11 - '( Lj,~2 14- 6 4:2 3 - 0 '13 !~, - 0 C ') 

c· ~ 

15 - 8 51 5-1 41 2 - 0 ~, o f;; -2 ·~;, (J 
1 rL 1'-, ..... - ..., .:j. () 11- 8 Ll 6 1 ·1 - El LJ:'( 8 - 0 4'/ 
1 6 - 'l .~~ 9 1 4 -7 · 39 1 2 - 8 51 5 - 5 3 8 

~: - S; ~ CJ 
.) .::.- '1 -1 35 12- 3 32 11 - 6 .'}S) 

1 4 - 5 34 S- 6 b3 6 -2 5 6 10-5 z~g 

13 - 8 ':' h LJ: -1 44 fj -3 30 3 -3 r • h 
.._ · ~ •' ~) ;,) 

1 0 - 2 ~ 1 15- 6 ..... .<. .... , 
<J.J 1 2 - S 4:2 4: - 3 E/1 

13 - 9 0 ·<~ '1 - 5 55 16 - 8 3S' 4- 4 Z·? 
1 3 - 4 ~~-- :~~ 2 -1 65 s - ri LL '~ - '-' 10- 6 L},C 

b - 0 6:: '1- 3 34 S ··· b 40 3 - 2 ~} 1 

!) - Ll 9 6 8- 2 51 [)- 6 7 0 10- 9 1!. ;:, 
6 - 0 :51 15- 7 36 6 - 1-, 

' u 6 0 1 0 - 8 73 
(_ '1. '7- 2 4 0 1- () ~""it:=: :L2 - 6 t;t:4 v - v ' ' IV 

1'/ - S :~~s· 1 2 - 4 33 1 1 - S 33 0- 0 C·G 

1024 l 0L19 1245 1 2 99 
....--

22% 23% 28~s / · 2'7 /& 
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?2. 

Chart LV . 

7 f q 

Number of Var i ous Comb ina tions as 

Found in: CLf.PP V IUULTIPLIC; :..T I Ol.f . 

Below diag onals: Read left to top. 

Above dia.g onals: Read top to left. 

See page 21. 



Chart LVI 

Cl app V Multiplicat ion 

- CornJ?a:Lison with Clapp Orde r of Di ff iculty - B. ( de cr eas in:~~ orde r ) 

- -- -----·-·----·----· ---------·-·----~--

~~uart 1 Freq Q,uart 2 Fre q Q,uart 3 Freq Quart 4 Freq 

Ox2 20 8x 0 64 4x6 58 2xl 1 87 
~:JJC4 L19 '7 ·x3 59 4x4 89 2x2 11? -
c ~{ '/ 40 7 ~ .. 5 50 4::-;:7 53 6x0 b5 
8x 6 52 6x? 48 3xl 10'7 3x 3 8 3 
3x8 52 Sx6 7() Uv 6x l 84 8Jc2 '{ 3 
'?x6 55 6x6 53 3x6 62 8xl 33 
0J( 5 ~ 0 5x l 102 2x 0 95 lxO 63 
Ox'7 11 6x4 69 6x 3 62 3x4 '17 
6x9 44: ?Jc? 4[-3 5x 9 r• a 

.Jv 1:;c2 S, 6 
?-:;~ 8 43 7x1 79 2x8 61 3:x8 50 
4:x;::8 54 4x0 67 9x l 60 £1:;:5 55 
Ox8 ]_ L_;: O:x6 1 6 tix7 58 lx9 4'1 
?x4 G·h S'x9 LJ:~~ 3x9 L16 1:;~8 5 6 
9x0 I ,Q. SJx3 '::~ ? Llx3 92 2x6 f) 'p' , ..... •:;; ,J 
8x? :s2 3x 0 5(3 3x7 55 l x 3 :J '( 
?x9 Li, l 4x9 4 7 2x 4 8? ?:;:.2 '15 
;Jx 4 7 0 ?x.O 55 6x5 53 1x 5 . 'I u 
6x2 ;\ J.. 9x5 4 '7 5x3 ?3 2x5 '19 
VA9 l" - . ·.) 8x5 01 5:x.O 63 3J{5 6 ? 
S·1c8 ~:. ~5 Ox4 ~~ <h 1x l .;\113 2:;;;_? i.i1 
ux3 1 i ~,: 9x 2 r· <) :) ._, 4x1 111 1x 6 (ib 
6:; ~ 8 ' 1:6 3Jc2 90 5:x:4 78 l x7 6 6 
ux1 ::~ ,'· 1 5x 5 (-)3 2x3 8 6 1x 4 <;) j 

<3x9 i): () 5x6 ~ ? 2Jc9 i± 3 5x2 ( )r-<1 

<.) 0 

8x3 t·l 5x8 • I {._• 

' -::.: \) 4x2 106 Ox O 11 

1040 13'73 1819 1832 

1 '7 % 23/G 30% 3 0;:; 
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'7 5. 

Chart LVIII. 

Clapp V Divi s ion 

- - ----------

Com~9ari s on with Clapp Or de r of Di ff iculty :t. (de creas i n G' or·de r \ - ) . ~ ~") 

- ---· 

Qua rt v . 1 Freq (~uar t 2 F r eq r~uart 3 F r eq (&uar t 4 F r eq . 

L19 77 1 4 427 '1 15 1 2 73 32 £ 7 1 1 4 
54 -;-6 1 3 547 9 1 6 247 6 19 t.i 7 1l 3 8 
45 -;-9 14 3 0 -;-6 1 4 32+8 H3 07 3 29 
2 7-;-3 6 28 7 7 1 3 8 ...;-lh 30 ;) -;-3 3? 
56 7 '7 17 <J;\ .:... 7, 19 £1-:-3 26 5-'- "' 30 (.._;...::.. '-' ...... 
2 S 74 1 5 2 77£: 20 127 2 21 (j .:...t\. . ~ 1 9 
247 4 ~2tl 6£~ 78 19 167 t) 2L1 C. ..:.C .. , ....... 1 e 
;j6 76 J.? (31 7 9 14 107 5 '2 ,: 

t.Jl...l: C:7'l JA 
L13+ U 15 :36 7 9 17 i -'- ') 

.:: • f-..J 4L1 07 6 20 
4 2) 7 8 l L1 

·- :r 187 6 113 L3 7 6 22 (_,-;-5 l ,., 
·- ( 2 J. -;- r/ "! 9 63 7 7 ., ') 

· "'-' 57} 20 6-;-J. 2 1 
1 8 -:-2 J.J. 42 -;-6 1t3 lb7 5 1 ~; 07 8 ~~. 0 
.21 7 o ~24 56 7 8 ., 5 1 8 -;-9 l r • -· ( 1-;-J. ?26 
3 6 + 4 1 ~) 1 67 2 :I 6 6-;-6 26 G-;-S:' l ,,. 

_/ 
'i27 S 1 <1, 2117 8 Jb 2C:-;-5 J.8 [j -;. J. "I -i 
6 ~; ...!..C: ~ <J: ?~~+8 l r.· ' 2+~ L[,:'_) ' ) .:. l ~~ Lb v . ~ ·'· -- ,") t....; • ...I.... 

407 f) ~ :-1 167 4 :.::o 1072 ;:) ]_ (: . :.. ' . ~. ,.., .. I . .) .· . 
\~· 2 +4 ;22 20 -;-4 2£: 6 -7-3 ~) ~3 C: ~-;2, Lj.::.) 
30+7 i ( 'I o07 5 r.:.J J_() tl () -;-5 J[l 0 -:-2 ::. J. 
ZJ5 + 5 1 ~? 147 '7 ] Ll [h8 • ) 1-. 

,"'_ •• _j 4 -;-J , . r, 
. ..-:.·.:..· 

1873 ;20 ] LL ...:..') -- . ~ 22 'l-;-'7 16 '( -:-1 8 0 
1 5 -:-3 . ) ') 257 ti J£· J ,, -'-L.L ~~j 3 3 71 ::~ J :_;.., _,-:, . ~ 

<J:575 - -, 67 2 c~ 
·~ ' ~ . 

3?6 392 607 524 

20;:~ 2 1 ?S 32;.; 2?/~ 



'76 . 

Chart LIX 

Cl app IV and V Add ition 
-------

~ 

Comp2~r is on Vi i th Clap p Order of Di ff iculty - B (de ere;,;<. s i ng order) 

----~.._·~-------------·-~-------... ---·- -------~--- -----------· ---· ---

~uc:nt l ]rreq Quar t 2 l<' r eq '~uart 3 1'r eq C:~uart 4 li' req 

4+ 9 D5 1+3 232 4+6 108 3 + 2 163 
9+ 6 9? 8 + '7 g g 2+7 

] ,, r-: _,) v 1+0 159 
6+ '7 Sd 5+ 7 CCJ 

'-' ·~ 6+e _ 16[3 6+ 1 3~J3 
rJ+ 6 110 7+8 '76 6+5 l ') " r~t::. '1 +1 145 
6+9 r.· o o ._, 2+ 2 25 5 1 + 2 236 0+? 101 
3+ 9 101 3 +6 1 24 5+3 1 '/0 0+ 4 216 
5+8 9 0 3 +3 1 8 6 2+5 183 0+3 1 99 
7+ 9 ?3 ?+4 lOG 2+ 4 163 4+2 203 
5+ 9 '73 9+ L1 93 3 +3 115 2+0 1 11 
::3+ 5 1 14 1 + 9 1 65 5+6 '~.1 0 3+0 9? 
9+ 9 5 5 4+ 4 174 '1+3 90 0+ 5 J. LJ: 5 
? +5 S' ~2 1+ 8 1 8 1 5+5 112 4 + 0 en .:) G 

4 + 13 103 2 + 8 1 40 4+3 190 O+ G 1 00 
2 + 9 1 0 6 3 + 7 1 0 6 6+0 ~-) ') 

l . )/·.J 3+ 2 2 20 
? + 6 96 2+6 1 46 8+4 14'7 5+2 2;~ 0 
3 + 3 1 0 1 3 +5 1 1Li 5+ Ll 154 5+0 110 
'/+ ? B4 9+ 5 92 1+1 2?8 4+1 3 5'1 
6+ 6 t] ~5 1+4 23 1 :~+1 2 3 0 ? + 0 r - u 

( v 

4+7 (1Q, 
vU 1+5 2 19 6+4 133 2+1 3?? 

6+ 8 £4 1+'7 191 2 +3 203 0+1 1·:1 2 
9+ ? ?'7 9+ 2 119 0+ 9 68 5+1 243 
8+ 8 2- 9 4+ 5 134 0+6 119 0+ 2 251 
9+ 3 1 02 3 + 4 1 31 '/+2 125 9+0 '70 
~-- + 8 t32 6+2 218 0+1 306 -J +O 82 
[3+9 .34~ 1+ 6 1'75 3 +1 (;;U9 0+ 0 1 52 

22? 6 3? 9 2 2 986 f_t 38Ll 

17% 28% 2 27b 33~~ 
\ 
} 



'7 'I • 

Chart LJ,.. 
'-• 

Cla~op IV and V Subtraction 

Comparis on with Clapp Order of Di fficulty - 13 (de cr f1as ing order) 

-----··----- - - --
Q,uart 1 Fr eq Q,uart 2 l'' re q C~uart 3 Freq Q,uart 4 l:t' req 

ll- ~· 61 6- 3 8 6 10 - l 60 1 7 - 8 eg 
16- 9 63 6 - 6 ?0 9 - 8 8 1 G- 5 103 

E>- Ll so 1Z; - 6 8 5 ~ - 8 136 l b- S' 6 S 
11- 4. 8 9 2- 2 88 9 - 4 89 '1- '7 57 
]J ic - 9 69 8 - 8 '79 10- 3 55 7 " 0 -.L S3 

? - 0 1 0 4 11- b '72 13-'7 58 ~ - 2 102 
S- 1 61 6 - 4 122 12- 7 78 1 - 1 '7 5 

15 - 9 ?6 1 U- 7 8 5 8-? 104 5 - 3 8 6 
9 - 0 <3 0 12- 5 57 ? - 6 140 10- 4 103 

11-2 60 8 - 1 58 6 1 - _,_ 68 'i- 4 11 ~) 
1 1 - 7 '/ 4 1 4- 6 90 ~·- 0 129 ~ - 0 150 
1 5 - 8 s:o 5 -1 ?9 2 - 0 16? Ll - 2 lL.t:6 
13 - 5 '1 8 1 1- 8 8 5 1 4 - 8 100 2-0 S9 
1 6 - 7 r· Co .) ;., l Ll -"f '/8 1 2- 8 101 5- 5 'i 0 

S- 9 50 '7 - 1 70 1 2- 3 6 ':[. 11 - 6 £;2 
14-5 6 6 S' - 6 99 6- 2 1 09 10- 5 8 6 
13 - 8 •n_ 4- 1 79 b- 3 'i 5 '7. .-, o - o 6 <3 
10- 2 r'7 15-6 66 12-9 8 1 tl - 3 112 
13 - 9 6b '1 - 5 116 16- 8 () 0 f1 -L1 'I t.i 
13 - 4 6 4 2-1 119 C::i - ? 91 10-6 l(JCJ 

' b - 0 J25 't-3 69 ~~' - !:) 87 3 - 2 1 6r/ 
5 - 4 J?7 8 - 2 93 8 - 6 141 10- 9 £30 
6 - 0 S:JC! 15 - ri 69 6-5 1 1 1 10- 8 134 
c •z .:; -v 6 'i '1 - 2 87 1 - 0 141 1 2 - 6 8b 

l'l-9 f(' 12-4 65 11-9 ri 8 0-0 133 

1 996 2060 2424 249 2 

22?; 23J6 27 /'; 28/~ 



?B. 

Chart LXI. 

Cla DlJ IV and V 
-~---~· ··-

Mul tipli .ca tion ._ 
- ------·---· 

~' Compar ison with Clapp Order of Diff iculty - B. (decreasing order) 

--------·-
Quart l Freq (~ue.r t 2 Freq (6uart 3 Freq ~~uart 4 Freq 

Ox2 51 BxO 116 4x6 115 2:x~l 204 
S;c4 94 '7 x 3 116 Ll.~:x4 168 2x 2 1 8 9 
9]\.? 7? 'i)C5 100 L1X '7 102 6x0 103 
£3x6 9'1 6x'/ 90 3xl 191 3x 3 150 
8x8 9 6 9x9 ?8 6xl 158 8x2 ].;j5 
'7Jc6 109 6x6 98 3x6 11'7 C:~xl 1 49 
Ox5 45 5xl 182 2x0 1 ~- ,, 

::Jo lxO 11 ~2 
ux? 2 9 6XL1 134 6x3 115 3x4 147 
6x9 8i:3 '7":,c7 92 5x9 79 l:x2 1 65 
?x8 89 'l x l 152 2x 8 116 3x 8 102 
4x8 98 4x0 112 9}Cl 11 0 4x5 105 
Cx8 2 8 Ox6 33 bx ? 1 04 lx9 t3[:3 
?x4 126 ~:· Jc S 76 3:;~ g 89 1Jc8 111 
~}}~0 ·~ , 5 9:x3 '19 4x3 162 2x6 J '2 0 

• ..J " 

8x7 102 (j x O 11? 3x? 104 1x3 150 
7;c9 3 1 4x9 91 2x 4 1 ·· c 0 ~· '7x 2 l<-18 
8}~ 4 135 7x0 103 6:x5 1 04 l x 5 142 
6x2 15? 9x5 91 5x 3 142 2:x.5 1 3 8 
Ox 9 22 8x5 I 119 5x0 115 3:K5 122 
9x8 75 Ox 4 49 l x l 175 2;"<? 118 
0JC3 44 £':x:2 94 '±Xl 199 l:::c6 1 2 6 
6:<8 34 3x2 162 5x4 144 lx7 121 
Ox l 61 5]{5 113 2x3 150 l x 4 169 
8:x~9 ? 6 5x 6 101 2x 9 i:3 4 5Jc2 159 
8x 3 ~J G 5x l3 97 4x 2 193 OxO 20 

2055 2595 3358 3312 

18% 23/b 30>'b 29% 



- , 

'/9 . 

Cbart LXI I. 

Clapp IV and V Divi s i on 

Comparison with Clapp Order of Di ff iculty - B . (de cr eas i ng o rder) 

Q,uart l Fre q 

49 -i-'7 28 L~2 7'f 26 
!::;.!),7 6 28 54 7 9 32 
.: ,5 7 9 26 307 6 26 
'2, '7 7 3 24 2£3+7 2'1 
567 r/ 30 24 +3 38 
~2 t) 7 41 3 1 2 ? 7 9 33 
2 1~-t~ t!:2 64+8 0 6 
2:·6 7 6 3 2 8 1 + 9 2 f.l 
407 6 3 !.!: 36 + g ~) 0 
Ll(:} -:-3 29 1 8 7 6 7<'.i 
~21 7' / 3 6 s::.; 7 7 :'J l 

4276 .~£' 
.2 173 3 6 56+8 :28 

1 6+~2 2) 0 
·t ~2 7S' 2:3 
6 ;) -:-s; ~~ ? ? 2 7 8 .29 
i1()-;-6 ~~ 3 J_ 6 +11 L}. :3 

2 0 7Ll tl,:) 

3G+ 5 ~.:.5 
1 4 -:-7 ::· 0 

l C. 7 ::• ( )_ 1 4 7 2 39 
1 5 7 3 .:.U ~25 +5 ;,_ h 

?49 ?21 

(:~uar t 3 

1 2 7 3 
247 6 
327 8 

t) -;-L± 
c ..:..r.!. 
~ • u 

1272 
16-:-8 
107 5 

127 6 
571 

lti +5 
H~79 

6 + 6 
~~0+5 

10+2 
67 3 

1107 5 
8 +8 

G-:-2 

F req 

41 
25 
05 
52 
4 5 
40 
~, o 

50 
'/ 5 

30 
;:.g 
33 
68 
52 
b3 
33 
39 
30 
55 
~ f., 

~~uart 4 

971 
4-:-4 
0 7 2· 
3 7 3 
t>-;-5 
G7 1 
c 7£' 

0+? 
076 
C+5 
6 -;-1 
U7 E 

1+1 
C-'-c 

8 +1 
~:2 +1 
071 
8 + 2 

'1: 71 
?+1 
3 71 

F req . 

4A 
61 
53 
5'/ 

3? 

3 ? 

t16 
.... '/. 
'- · ,.) 

! _ .... !_, 
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23 
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27 
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28 
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23 

II 

30 

III 

82. 

Least cl fficu t 
combine~- ions ~ i ven 
this am unt o" 
c.ir.ill. 

29 

IV 

Clapp IV and V , Kultiplicat ion 

Comparisons of pe rcentages of frequen cy of appearance of coniliina­
tions with Cl app Or der of Diff iculty - B. 

83. 

Chart I.;XVI 

n 
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Chart LXVI 
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Division. 
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Least dlif.fictlt 
combinu~ions 6 iven 
this ali punt c If' 
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IV 
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Chart LXVII. 

0 I r ...3 ~ s tf:, 7 K 

Humber of Various Combinations 

:F ound. i n : H I T.T;BiGAS 

Below di<:igonals : Head l eft to top. 

Ab ove d i a g ona ls : Read topt o left . 

ADD I TION. 

84. 

q 

Ci S 

Upper addends represent i.. he nunftJe r of primary comb i -

nc;.tions 

Lovver addends represent the number of o.ecade co nb ina-

t ions . 

See :page 21. 



85. 

Chart LXVII I. 

Hillegs.. s Addition 

Comparison with Clapp Or der of Di fr" icu l ty - B. (de creas i ng orcle r) 

-~ ____ ...... _ - ··-·· --- .. --- ____ ,_.-~ .... ·· --.. -~--- ·--· --·- -- -

(~uart 1 Freq Q,uart 2 3 r eq ({uart 3 l!.,rec" Quart 4 Fre q 

4+ S- 18 1+3 33 4+6 24 3+ 2 2 S;: 

S+ 6 17 8+ '"/ 28 2+? 23 1 + 0 1S 
6+? 2 1 5+'7 1 8 6+3 35 6+1 55 
8+ 6 ~~6 '1+ 8 2 1 6+ 5 2 8 ?+1 :~2 
6+ 9 1'7 2+ 2 t..:2 1+2 3 7 0+'1 22 
3 + 9 18 3+ 6 1 9 Ei+3 32 0+4 ~~9 
5+ 8 15 G+ 3 ,±3 :2+5 3 4 0+ 3 2~; 

7+ 9 12 '7 + 4 ~n 2+4 '2. Ll '-' ~ 4+2 36 
5+ 9 1.2 9+4 1? 3+3 2'7 ~2+0 1 4 
8+5 2 8 1+ 9 30 t.. + 6 ~~6 3+ 0 12 
9+ 9 15 Ll+4 41 '7 + 3 2 0 0+ 5 2 1 
'7 + 5 2 L1 1+ 8 3 2 5+5 ~ .. ~ 2 L1+Q 1 1 
4+ 8 17 2+8 · ) () 

{-.JV il+3 <~3 0+ 8 1 <. 
2+ 9 2 8 3+? J.G 6+0 1 9 8+2 5 4 
'/ + 6 ;n :2+ 6 :~ ~~ 8+ 4 ~) 5 5+ 2 L;: 8 

3+8 ;U 3 +5 ~ 0 5+4 :'1 4 8+ 0 ' J u 
'?+? ') ry 

- ~..J 9+ 5 18 1+1 ;~ !) 4+1 LJ:LJ: 
6+ 6 3 0 1+ 4 ~~9 8+1 bO ? + 0 10 
4+? l 0 ·-- v 1+5 :2 9 6+4 ;:s ~3 2+1 G :;h 

6+ 8 ~~. 5 1+7 :3:8 2+ 3 :?. '( '::0 +1 2 1 
S+? 18 9+ 2 !2 ].' 0+9 1 ;.2 b+l ~j J. 
8+ 8 :-~l 4+5 >.~ 5 v+ 6 ··, r-· 0+ 2 ~ •) -'~ ., ) r ..J.' ..J 

9+3 :1. ~i 3+ L1 .8t± '7 +2 ~2 '/ 9+ 0 ]_ ~:;' 

9+ 8 JA 6+ 2 4 5 v+ 1 ~~ 3 8+ 0 l O 
8+9 ;20 1 +6 ~) ? 0+1 :~0 O+ O .L :2, 

495 699 ? 20 6b4 

l 9)fb ~~7 ')(-} 285; 25;;, 



87 . 

Chart LXX . 

Hillegas Subtra ction 
·-------------

Compar i son VIi t h Cla.P~i? Order of Di ff iculty - B (de creas i n g orde r ) 

-~·---· -- -

Qua r t 1 :::'re q ~~uart 2 l~req ~uart -3 J?req ('~uart 4 F r eq 

ll-3 23 6- 3 35 10-1 26 l?- 8 15 
16- 9 14 6 - 6 30 £'- 2 2'1 8 - b 1.8 

8 - 4 40 1 3 - 6 10 £'- 8 17 1 8- S 19 
1 1-4 13 2 - 2 33 S- 4 1 ? '( - '/ 18 
1 4 - 9 14 fJ - 8 1 4 10-3 3 0 3-1 18 

7 - 0 6 11 - 5 20 13-7 11 5 - 2 45 
(_, 1 
... . -.J_ 26 6 - 4 40 12- ? 1 2 J. -1 3 1 

15- 9 11 1 0- 'i 14 8 - 7 23 !J - 3 26 
s·- o 10 1 r2-5 2'7 'i - 6 1 5 10- 4 26 

11 - 2 z,3 8 -1 4<) 
h. 6-1 57 '1- 4 3 0 

J.J. - 7 ~3 1 4 - 6 2 5 3 - 0 7 1l - 0 s: 
J. 5 - 8 1 2 5-1 00 2 - 0 7 ':!: - 2 4 1 
13- 5 10 11- e 1 3 lll - 8 ~: 8 - 0 9 
16 - '1 14 } 11 - 7 18 12- 8 8 5 - 5 21 

0 - 9 l '' '1-1 1 9 -, () '7.. 21 11- 6 27 -~l ~~ . ~ - v 

J.Ll - 5 19 9- 6 J 9 6 - 2 4'7 10- 5 18 
1 3 - 8 14 4-l 41 e - 3 47 "' '2 21 o -v 
1. 0 - 2 ' ) '7 1 5 - 6 J. g 1~2 - 9 12 '1- ;s 3S) ,-_ .. .) 

1.3 - 9 J (:>, ? - 5 26 16 - 8 1 4 ~~ - tl 35 
13- L1 J 5· 2 -1 54 ~ - '/ 18 1. 0 - 6 13 

5 - C G '7 - 3 ::~4 c. h 19 'Z C ) 2 6 v -u t.-' - h... 

5 - 4 ::_:, 1 8 - 2 56 e - 6 24 10- £ 10 
6 - 0 1~! 15- 7 J~~ 6 - 5 27 1 0 - 8 ? 
~ ' - 3 

":. ~. f_) 
:..., :_ ? - 2 :~ 3 1-0 11 1.~2 - 6 14 

17 - 9 J_L], 1 2 - 4 ~3 ,~: ll- S 15 C: - 0 ? 

430 6'73 521 543 

20~; 3 1 ?; 247~ 2 55~ 
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88 . 

Chart LY..::X: I. 

{) I 7 

Number of Various Comb i nat io ns as 

]'ound in: HI T.Ui_; GJiS 

Below d i a gona ls: Read left to top. 

Above diagon~ls : Read top to left . 

See page 21 . 

F ULT I P LICA'l' I OH . 



89 . 

Chart LXXII. 

Hi~l~~s ____ Mult~lication 

--
Compa.r i son with Clapp Or der of Difficulty - B . (de creas i ng or d e:r· ) 

I - - ------- ------

quart 1 F req ;~uart 2 F req Q,uart 3 Freq -tuart 4 Fre q_ 

Ox2 5 8x0 '1 4x6 34 2xl :2 8 
S>x4 33 ?x3 ;~s 4x4 3 0 2x2 37 
9x7 34 'lx5 34 4x 7 41 6x0 5 
8x 6 3 9 6x.? 30 3xl 40 3x3 45 
8x8 38 SJC6 32 6xl 3 1 8x2 28 
? x 6 36 6x6 34 :3x6 34 8xl 25 
Ox5 11 5xl 2'7 ~Jc0 21 1x0 4 
Ox? 10 6x4 32 6x 3 3 1 3x4 3'1 
6x9 L12 '/x:? L1 5 5x9 32 l x2 16 
?x8 3 8 'lxl 30 2x8 3 3 3x8 36 
4Jc8 38 4x0 24 9xl 2 5 4x5 33 
Ox8 11 0:>. 6 11 5x'7 29 1 ~ro 

- ..( ).. ,J 21 
? ~c4 3:3 9x9 39 3x9 38 l x8 26 
9Jc0 7 S:?x3 32 4x3 25 2x6 36 
8x7 38 3x0 25 3x'7 38 l x 3 20 
7x9 44 4x9 ' l 0 Ou 2x4 37 'ix2 :2 5 
8x4 26 'lxO 6 6x5 29 l x 5 2 1 
6Jc2 ~ ) '7 

.~ 0 9x5 3 2 5x3 22 2x5 25 
Ox9 1 3 8x 5 33 5x0 6 3x5 ·z ' ) 

o .~ 

£::;~8 :) 7 Ox4 1:2 1xl 1 4 2:x:7 29 
Ox3 9 9J(2 213 4xl 3? l x 6 22 
6x8 L15 3x 2 3:j 5x4 2? l x 7 f) n 

.,r.JC> 

Oxl 4 5x5 26 2x3 4 3 l x4 22 
8x9 3 5 bx6 •".) c. 

-~.., 
2v-0 ..JJ\.. V 34 5x:2 ~~ 1 

8x 3 -)n 
.. ..J L) 5x8 2 9 4x2 46 OxO 4 

6'77 701 ? 77 626 

24jb 2 5% 28/~ 23 jo 
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Chart L"CXIII. 

Humber of Various Comb i nations as F ound i n : 

HIIJ::.J:i~ GAS DI VIS ION . 
-~ -- - ·- -.. ~---... ·- ·- ,., _ _.. __ _ 

Red f i gures in b ody denote d i v i dends . 
Top row of d i g i ts are d i v i sors . 

~ ~ I>, 10..... ~ 
~ "" ~ ..... ..... ..... ..... ~ ~ 

"" 1:--..... -....\ "' C; ' '"' ll-- ' ... "') ~ -a 

~ ~ ~ ~~ ""' \\-....... 
"i ' ' ..... ..... ...... 

""" 'S ~ ~ "::1- ~ ... ...:. 

~ ~ '""-- ~- ~ - ~ \., 

""' 
..... ..... ;c. ' ' ' ..... 
'>-

~ ...:. .... 
~ ..... ::- r- ..... ..... ~~ 

~ ~ ~ ~ 
I 

~ ~ ..... ..., 
...... ...... ...... ' 
~ 

\)<> ,, 
~ ~ ~ ~ .., 
~ 

- ~ L,~~~ t\o,,,, 

... ~~·~~ 

i- ~ ~ ....... ~ ~ ~ ...., ...... ..... ~ 

""' 
'".,>~. -II ~ 

~ ~ ' 
.., 

\") ~ 
~ ~ <:--...... ~ ~ 

'""' 
...., ~ 

~ 
~ I><> I~ •S •..., i-

") "' .... 

~ ~~ ~ ~ ~~ 
"') ' ~ ..... 

""' ~ ..., ~ ,. ~ 

.......... ~ ~ c-....... ~ ~ ~ ~ ...... 

. .,.. 
""' 1:--. .... '"'I *" ..., 

/ 

X X X 
\ ' 

/ ~ /( · / A / \ \ 

~ ~ ~ ~ ~ ~ ~ 

t;-..... \.,.,. 
..... ...... 

... .... 
~ -
I>, 
~ ...... 

~ tf_ ..... 

t'-...... ~ 
' ..... 
-:.. 
":t- ~ 

~ <::. 
~ ' 
~ t ,. 

I ~ 
~ 
..... ' 
t ~ .., 

~ \., 
' ' 
~ ~ 

"" 
~ 
..... 

i!-

' ~ <'" 

~ \:)o 

~ -

X )( / 

"t'\. .......... 

90. 

~ 
~ 

Q 

~- ~ 
~ 

...... 

<:> :2 

":t-
i!-

... 

~ 
I 
"> ..... 

"' ~ 

1~~~~ ' ,, 
~ qc:..t:l '0 
-~"1-:1-

~ ~ ' 
... "" ... 

';j-. 
..... 

<> 

~ ... ..... ..... 

~ 
,. 

~ 

... 

)( 

0 
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91. 

Cb.art LXXIV . 

Hillega s Division 
---- - ··-------

Compari s on with Clapp Orde r of Di f ficult y - B . (de c reasing orde r ) 

Qua r t 1 

49 -':-? 
54 -':-6 
4 5 -i-9 
2'/ -':-3 
E>6 -':- '7 
2 f:3 7 -l 

~ C-: -6 
t~E -':-6 

L~8 -:-c~ 

;.n -;-7 
1 8 +2 
2 1-i-3 
Z16 -':- tj, 
··r 2 -':-9 
63 +9 
~0 -:-8 

32 -':-4 
;:, 5 -':-7 
;::, 5 -;-5 
l t~ +3 

15-':-3 
48 -':- 5 

F req 

1 9 
16 
1 9 
1 6 
1 8 
1 4 
13 
15 
16 
JU 
1 9 

t O . •/ 

373 

(i,ua rt 2 

42 -':-'/ 
!)Ll -':-9 

30 -':-6 
2 (3 +7 
24-':-3 
2'/ -':-9 
64-:-8 
8 1 -':-£! 
36 -':-9 
H 3-':-6 
63 -:-7 

b6 -':-t3 
1 6 -':-2 
24 -':-8 
? 2 -:-8 
16 -':-4 

30 -':-5 
14-':-7 
14-':-2 
2 5+5 

F req 

3 3 9 

~uart 3 

1 2 -':-:-5 
24-':-6 
32 +8 

C.h4 
S-;-3 

1 2 -':-:2 
16-':-8 
10-':-5 

r: . • l 
u-;-_._ 

15 -':-5 
1 8 -':-9 

6 -':-6 
~2 0 -:-5 

2 -:-2 
10-':-2 

40-;-5 
:::: -:-8 
? -':-'/ 

~-2 Ll 
6-:-2 

]!' req 

10 
1 6 
1 8 
36 
32 
1 8 
1 9 

9 

],(_) 

0 1
( 

~~ L.i. 

3tl 
29 
1 5 

4 '1 2 

3 0 /-~ 

9 +1 
1~ -;-4 

0 -':-3 
3 -:-3 
5 -':-5 
C: -:-4 
~ · -;- 9 

0 -i-'7 
0 -':-6 
C-;-5 
6 -:-1 
0+ E3 
l-~·1 

0 -:-9 
G-:-1 
~-; -;-]_ 

0 -':- l. 
8 +2 
O -;- ;~ 

4-':-1 
? -':-l 
3 -:-1 

F r e q. 

4 
40 
1 4 
34 

1 5 
2 3 
24 
23 
1 ( 

2 9 

3 

1 ~2 
10 

'I 
J.l 
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amount of' dr ill. 
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IV 

Comparison of per centa.ge s of fr equency of C;:l.ppearan c e of com-

binations with Cl a pp Order of Difficulty - E . 
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Chart LXXV:t 

Most di . ficul com­
binatiors g iv n this 
amo unt cf dri 1 

20 

QuartiJ.e I 

31 

II 

Hillegas 

Comparisons of percentages 

b inations with ClalJP Order 

24 

III 

Sub tractli:on 

of frequency of 

of Difficulty -

93 . 

Least d D. ffict;;l .. t 
comb ina t...ions g iven 
this am punt c 1P 
dr ill. 

2 5 

IV 

a ppearance of com-

B. 
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1ill:ost cifficllt com~ 
b inat ons g ven t h is 

amount of dr 11. 

2 4 

Q,ua dr an t I 

Chart LJC.{VII. 

25 28 

II III 

Hillegas lVIul tiplica tion. 

94. 

Lea st d fficu fl- t com 
bine,tio 1s g iv~n 
this ampunt of> 
drill. 

23 

IV 

Comparison of percentages of frequen cy of ap~earan c e of com-

-b ina tions wi t h Cl a pp Order of Difficulty - J3 . 
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· I1iost d i ff ·cult com­
b inat ions g iven 
thi::: amour t of 
driJ 1. 

24 

Q,uartile I 

Chart L"'OCV III 

22 30 

II III 

Hillegas Divisi on. 

95 . 

Least Liffic lt 
comb in 1.tions g iven 
this a; 10unt f 
dril l . 
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If my readeT ha. s foll owed t hrough carefully the 

numer ous t ab l e s , et c, as f ound in Chb.rts XI to L.Z:XXIII ; even 

i f he has hastened over-th em and contented b.i mse l f with but a 

cursor·y rev i ew· of t he final r;raphs , t here i s but one conclusion 

at v:l:. ich he can a rr ive. One must l;e i mpressed with the :i:'<O. c t 

t ha t j_n every cas e t he Serv i ces ana l yzed 1nake c. mu ch bet ter 

showing thu.n d i d t he texts stud i ed by Cl al)J_) . Th i s i s n o t say-

ing that certain of these S erv ices do not m.c1.ke a be tter showi n g 

t J:1c:L n others ; i ndeed , t ha t such i s s o i s very evident e::. t f irst 

g l ance . But t ha t t here may be unseen influencing fc;.ct o rs 

entering i n to d isturb wha t would have been othervi i De a gr<:Ldua l 

de crease i n the l eng t h of the g r aphica l b~r s of t ~ four quar ­

t iles in c e rta in ins t an ces i s pe r halJS the af ter t h ought on a 

moment ' s reflection. 

see p resent l y . 

V;hether or no t Buch i s the case we shal l 

But i f Vlhat has be en sa i d is true, that t he t exts 

we have ana l yzed shov1 a c onsiderable i mprovement over Text s .A 

and 3 ana l y z ed by Cla~p ; a s a second conclusion quit e equ& l 

in vie igh t with t he first , it will n o t be den i ed that there iB 

still room for c ons i d erabl e i mpr oven .. 1ent i n more thu.n o ne i n -

stEnce . 

Turni ng ba ck t o t he four charts of g raphical result s 

- Charts LY...XX , LX __ XXI, LY2' . .XII , and LX:/.XIII , l e t us see wha. t 

they have to tel l us i n deta il. 'rhe same i s t old nume rically 

by Chart :i.:.J.JG X . These g raphs , as rms be en expl a i ned re present 

the percentages of freq,uen cy of appearanc e of the comb i nations 

of the par ticular servic e . The first of each of t he four ba~ 

rep resents the p ercentage of combinations fa1l i ng . in the f irs t 

quart il e which it ·will be remembe red i n our sche111e is t:X:. .. e quar -
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tile of . g reatest cUfficult.y . In the same way , t he l ast of' 

each of the four bars rep resents in percentag es the numb er of 

conib inations f a lling in the f ourth , o r quartile of ea sie s t 

comb i na tions. 

Commencing with Osburn II and f ollowing through 

the add ition, subtraction, mult i p lication, and d ivision cllEt rts 

Yi e a re struck by the fu" ct that in every c<:~.se, a ccord ing to the 

bars , the mo st difficult comb ina tions a!) }_; ea r less frequent ly 

a nd tl1e least cLiff i cult combina tions a }):pear much mor e frequent­

ly; eS}?e cia lly lllbuked i s th is, for instance, i n addition, 

wb.ere of the most d i ff icu lt comb irw. tions , there is n ot e v e n one 

appearance. But i s this not a s it should be f or Gr ade II? 

l!Iost cert.:•.inly it is , that is~f any of this for:m.a l drill is to 

b e introduced as early as t h e se cond g r ade; bu t Be d oubt very 

l.!lU Ch the feasi b ility of this ent i re pro ce dure s o early , a nd 

the J?ourth Year Book of the Department of Sup e Ti ntend ence just 

published susta i ns us in this op i n ion . 

~uit e the rever s e cond ition is f ound i n t he re ­

sults of the t wo succ e eding books of t h i s series. 

~efe rring t o t he fourth set of bars of ea ch of t hes e f our 

cb~'.. rts ,, we h<::~ve before us the results of t he three -co oks of 

t he series s unmlli. rized. I n multi? lication , a t l eas t, condi-

tions are quite i deal; whi le in the o ther t h r ee o~eration s , 

if not qu ite a s s '-'- ti sfc.. ctory are st ill rcJC .. ny times better t:tw..n 

was the case wi th Texts .... a nd J3 with ·which c ompar i sons s h ould 

be md.de conskmtly. 

Taking the Cla~ p S e ries next , separate ly d.n d col­

l e ctively , we n ote results not qu i te as sa tisfa ctory as were 

t hose of Osburn . In the case of multip licat io n , for inst~nce , 

in the Osbur n Series - comb i ned - there is a g r aduLl de crea se 
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in t he leng th of the ba rs fr om the first to the four t h as we 

should de sire. But in the Cl a p p Series - comb i ned - there is 

c.:" e; r a duc;,l increase , r.:~ther than d ecrease, i n the l eng th of 

L 1e s e f our b a rs i n r.mlti :9 lica tion. Ev en t he casua l ob server 

wi l l r ecog n i ze ~p er ho:vp s y e t other d i scre·panci e s . 

But as hinted befor e , perh a p s t he re i s s ome other f a ct o r enter ­

i ng in h e r e , which we may d i s cove r l ater , and v1hicb. d o e s not 

ente r into the Osburn S er ies. 

Now turning to the Hille gciS Servic e , it i s app~r ent 

tho. t the r e i s not the wi d e d i ve r g e nce in the leng th of b a rs , 

:!:' rom wh a t vwul d be the median b a r, wheth er i t be t h e upper o::t: 

lower ones . Th i s i nd. i cat e s a SOI:Jewh a t mor e stct}J le numb er of 

c omb i na tions , on the wh ole at l eas t, a llott ed · to eci ch of the 

four quart i l e s of relative diff iculty of t he comb i n c::.. t i ons a c­

cord i ng to t h e s ch eme of Cl app wh ich ~ e rep e a t a ga i n is so 

fun da men t a l t o this study . Here as else-.7he r- e , we shoul d have 

e:;;::pe cted a somevvhs t hea vi e r a llotment of comb i n<.::. t ions to t h e 

f' i rst t vio quar tiles . Thi s would h av e be e n i nd ice;. t e cl i n s ome-

',\'ha t lo n;-:::e r b c.:~ rs of t h e f ir s t quar til es v; i t h &. cor re s p ond i n g 

d ecrea se i n leng t h of the lines of the third and f ourth quar­

t ile s. 

But it bears re pet i tion that i n the c a se o :r eve ry-

on e of t h e s evera l books anu,lyzed , t h e r e sults a r-e nru.cl·1 more 

g rat i fy i ng t han we r e the c ond i tions found existing i n the texts 

stu d i e d b y Cl a pp . 'l'h a t one or othe r of ou r Servic e s c.ppc::.r c nt -

l y meet s our stc.ndards bet t er t r1a.n d o the others , is 'b~t s a ying 

a ga i n what has b een po inted out a l r eady i n <.;,:nother m;. y. 

Here the rea der i s referred to ~ st~ tement on page 

1 6 Vihich at the time y r oh ;J..b l y appe a r e d i nn o c e nt eno ugil. 

:But it TJ1;1.. S co ns i d erab l e b e <.:t r i ng on t h e GE .. tter c.~ t hu nd . 
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There it vv-as sa i d t hat tb.e p re sent study ha s involved 8. hand-

lin G of a g rand t o tal of b'7 , '130 c omb i na tions , a nd o f.' y;hic:'n 

the Hi llegas Bo ok furn i shed 9 , 069 , the Osburn ~ e ri es 11 , 484 , 
I 

v:h il e the Cl :::plJ Ser ie s f u rn i shed 3 '7 , 1? 'I comb i nat i ons . 

·.:e see: that Clapp wa s work i ng v·l i t h more tr"-':ln t h ree t i mes c;~ s 

mc-.ny c om-c i nc-,t ions as wa s Csburn , a nd with mor e than four t i mes 

n s mo. ny a s E i J. 1 e sa s . Osburn ma:ke s a rath er g oo d s h ov1 i n e; a c-

co r d i n g t o our s t e:md.ards with h i s 11, 0 0 0 com-b i nat i ons . 

To d o as 1aell handlin g 3? , 000 comb i ne~. tions , the t ask of" Cl ap}) 

woul d YJ.Q.Ve be en tr emend ously g r eate r . Us ing a l mo s t 2500 few-

er comb i na t i ons t:l:1a n d i d Osburn , E i l l e gas certai n l y makes t he 

p oore s t showi n g by far of any of the three - a ga i n be it un-

ders tood , cuCCOI'd ing t o the standards Vie have set U~') h erein. 

l.·~o reover c:md ve1·y wortlw of note , i n b o t h u o a ks 

of Clap p (Grades I V and V) an2. l yzed here i n , he ba s i ntro d uced 

no l ess than th i rty-nine pag es of concret e or stateme nt p rob-

l ems whid.L would n o doub t to no sma ll extent increase h i s t a sk 

in allott i ng t o the mor e diff icult comb i na tions the g reater 

re co g nition . And even mor e , he :has i ntroduced s i x page s of 

beg i nn ing work i n fractions in each of the foul~ O}Jera t i ons , 

wh ich d es:p i te a l most anyth i n g l'.te co u l d d o -v~r ould tend t o thr ow 

t he al i gnment off . Neithe r Hillegas n or Os b urn off e r a ny 

vv ork at all in eith er concrete -y rob l err. s or v1ork i n fractions . 

On the other ll...and , Csburn he:. s g iven ove r entire l y 

· one of h i s bo oks to the very beg innin g work in t h e f our op era -

tion s thus ne c ess ita ting f or the time be i ng a mu ch l:l.eav i e r us c 

of the easier comb i nations. But a s we have seen , t aki n g h is 

series as a whol e , t he results have not been a :!_) l") reci&b ly af -

f e cted ev e n by this. 
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As was said at the out set , the tendency in text 

books in ar i tl'ililetic of the past , and even quite u p to the :t?res­

ent , has been to g ive much more drill and l;ractice to the 

easiest combins~tions and much less drill to the more d. ifficul t 

comb inations . It VJas c<.S stated at tl'Jat time our task to de -

termine which , i f ~ny, of the more modern Services in Drill 

i n the Fundamentals was most nearly a :pproti.ching the i deal con-

dition . Everyth ing consid.ered, it is our judgment based on 

the evidence as presented t ha t the Osburn Series most nearly 

conforms to this standard , with of course the reservations as 

suggested. The ll illegas Book, especiGlly ~s we recall the 

compa ratively fewer combinations used , ap:proe~ches this i dea l 

l ess nearly of <:J,ny. 


