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FOREWORD
This study was undertaken w ith a view to making a comparison of the 

results obtained by the use of different arithm etic tests.. Those chosen for 
comparison were the Cleveland Survey Tests, the Woody Scale, and the 
Monroe Diagnostic Tests. All three of these purport to be diagnostic 
in their nature, and if this be true they should lead to approxim ately the 
same conclusions concerning the arithm etical abilities of the children tested. 
I t  was with a desire to  determine whether they do this or not th a t th is study 
was made.

The study is divided into two parts. P a rt I  gives a discussion of the 
value of arithm etic tes ts  in general and a description of the tests  used. 
P a rt II  gives the results obtained by giving the three different tes ts  to  a 
group of children and the conclusion reached from these results.





A Comparative Study of 
Three Diagnostic Arithmetic Tests

PART I

In  recent years  th ere  has been a m ost rem arkab le  developm ent of all 
k inds of educational te s ts  and m easurem ents. Of course i t  has a lw ays been 
necessary for teachers to  m easure th e ir  pup ils’ a tta in m e n ts  in some fashion 
or other. Some children were prom oted a t  the  end of th e  y ear while o thers 
were re ta ined  in th e  sam e grade. This w as done because th e  teach er judged 
th a t  in the  one case sufficient progress had been m ade to  enable the  children 
to  do th e  w ork  of the  nex t grade, while in the  o th er such progress had no t 
been m ade. In  order to  a rriv e  a t  these  conclusions the  teacher had to  m easure 
th e  achievem ents of the  various children in th e  grade. A gain a t  the  end of 
each m on th  teachers were called upon to  “g rade” th e  pupils in th e  various 
sub jects th a t  th ey  happened to  be studying . This again  called for th e  
m easuring  process. B u t the  so rt of m easuring  done w as of a very  indefinite 
kind. I t  w as m ade up very  large ly  of th e  teach er’s e stim a te s  of th e  child, 
and in to  i t  en tered  a g re a t m any  th ings besides the  a b ility  to  do certa in  
specific th ings. Then, too, th e  teach er’s knowledge of the  specific ab ilities of 
th e  children w as exceedingly lim ited . I t  is tru e  so-called te s ts  and ex am in a
tions were given b u t th ey  were of such a n a tu re  as to  te s t  th e  ab ilities of 
th e  children only in a  very  general w ay. In  fac t th ey  were o ften  said  to  
te s t  th e  children’s general ab ility  in th is , th a t ,  or the  o ther subject, w hereas, 
as we now know ' th ere  is no such th in g  as general a b ility  in a subject. T here 
are, in fact, as m any  sep ara te  ab ilities in even a single sub ject as th ere  are 
different ty p es of m en ta l ac tiv ities involved.

A nother d ifficulty  w ith  these te s ts  w as th a t  th ey  lacked un ifo rm ity . I f  a 
child did no t do as well in a  te s t  in a rith m etic  th is  week as he did la s t  week 
i t  w as tak e n  to  m ean th a t  he w as losing ground. This m igh t no t be a t  all 
tru e . The te s ts  were different and therefo re  there  w as really  no basis for 
com parison. Again, if a child in th e  s ix th  g rade go t a grade of 90% in 
a rith m etic  while one in the  e igh th  grade go t a grade of 70% th is  fac t did no t 
give an y  basis for com paring the  ab ilities of these tw o children. T heir grades 
were obtained upon en tire ly  d ifferent te s ts .

T his th en  w as the  s ta te  of th ings up to  w ith in  the  la s t  tw e n ty  years.

A t the  p resen t tim e, however, qu ite  a d ifferent s ta te  of affairs ob tains. 
T ests and scales have been developed and standard ized  so th a t  a teacher 
need no longer be in doubt ab o u t how her pupils co m pare-w ith  o th er pupils 
in the  sam e grade, w ith  pupils in o th er grades of th e  sam e school, w ith  
pupils in o th er school system s, or, best of all, w ith  th e ir  own previous records 
in any specific ab ility .

The C ourtis S tan d ard  R esearch te s ts  were no t given in th is  experim ent, 
b u t as all of th e  scales have been b u ilt, to  a  g re a te r  or less ex ten t, upon them  
th ey  w ill be discussed here.

Insp ired  by  the  w ork  of Rice and Stone, th e  pioneers in th e  field of te s ts  
and m easurem ents in a rith m etic , Mr. C. A. C ourtis took  up th e  ta s k  of 
developing a se t of s tan d ard  te s ts . He w orked ou t a set, now know n as series 
A, which he gave to  th ousands of children in different p a r ts  of the  country . 
Five thousand  children were te s te d  in D e tro it; 33,000 in New Y ork ; 20,000 in 
B oston, and m any  o thers in sm aller system s. In  scoring these  papers perhaps 
the  m ost rem arkab le  fac t b rough t ou t w as th e  wide range of v a r ia b ility  
shown by the  children in any  given grade. Some children in th e  s ix th  grade,
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for instance, made scores lower than  the average of the th ird  grade while 
others exceeded the average of the eighth grade. In  spite of this fact, however, 
Mr. Courtis found th a t the scores for the children of the sixth grade tended 
to  be grouped about a certain standard of excellence which was a little  lower 
than th a t about which the scores of the seventh grade children tended to  be 
grouped and higher than  th a t of the fifth grade. This lead to the establish
ment of certain standards of excellence for the different grades in the p ar
ticular abilities tested  by these examples.

Series A of the Courtis tes ts  includes eight separate tests, each one con
taining more examples than the sw iftest child could complete in the tim e 
allotted. The tests are thus a measure of speed as well as of accuracy. These 
eight tes ts take up the combinations in addition, subtraction, m ultiplication 
and division, speed copying of figures, one-step reasoning problems, abstract 
examples in the four fundam entals and two-step reasoning problems.

A fter using this series for several years Mr. Courtis, and others as well, 
found th a t it was not satisfactory in several respects. In  the first place it 
was too expensive in both time and money. Then again it did not given an 
adequate te s t of the abilities most needed by the pupil. I t  tested the pupil’s 
knowledge of the addition combinations bu t did not give much inform ation 
concerning his ability  to apply this knowledge to the addition of columns of 
numbers. The same is true of the other operations.' He found also th a t there 
was practically no relation between a child’s ability to  give the addition 
combinations and his ability  to add a .long  column of figures. He therefore 
devised a second group of tests known as series B. This group consists of 
four tests, one for each of the fundam ental operations.

Test 1 involves the addition of columns of 9 three-place num bers; Test 
2 the subtraction of eight-place from eight- and nine-place num bers; Test 3 
the m ultiplication of four- by two-place numbers, and Test 4 the division of 
four- and five-place numbers by two-place numbers. These tes ts  have also 
been thoroughly standardized.

These Courtis tes ts  are of great value to  the teacher or supervisor of 
arithm etic. They furnish an instrum ent by means of which he m ay deter
mine the degree of excellence reached by a grade or an individual in any 
one of the four fundam ental operations. But they are not prim arily diagnostic 
in their nature. W hatever diagnosis is made by their use is general and not 
specific in its nature. They do show, for instance, th a t a certain grade is low 
in addition, but they give no suggestion as to ju s t which one of the several 
abilities required in addition is a t fault. , Then, too, they are limited to  the 
field of the four fundam ental operations w ith integers.

Realizing these facts a number of investigators have been a t work devis
ing tests  th a t would be prim arily diagnostic in their aim. Three such tes ts  
or scales have been devised and used to a considerable extent, viz., the 
Cleveland Survey tests, the Woody scale, and the Monroe tests. We shall 
consider them in the order given.

THE CLEVELAND SURVEY TESTS

When Hr. Judd and his co-laborers starte’d the Cleveland Survey they 
looked over the field of existing tests  and scales in arithm etic and decided 
th a t none of those th a t had been developed up to th a t time would meet the 
needs of the situation. The Courtis tes ts  seemed to be the most promising 
bu t they were open to serious objections.

Series A they felt to be unsatisfactory for the same reasons as those 
already given in this discussion. Series B used as a supplement to series A 
would constitute a decided improvement. But even this combination did not 
go far enough to suit them. By using the combination they saw th a t they 
could measure .general a tta inm ent in each of the four fundam ental operations 
bu t nothing more. In  other words the te s t would not be diagnostic. For
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instance, a pupil m ight show by his w ork on T est 1, Series A, th a t  he knew  
his add ition  tab les perfectly , and y e t he m ight fa il u t te r ly  on T est 1 of 
Series B. These facts, th ey  argued, would be w o rth  know ing, b u t th ey  would 
be of com paratively  l it t le  value unless supplem ented  by o th er facts. The 
question  of w hy he failed on th e  second te s t  would rem ain  unansw ered. I t  
m igh t be because he failed “to  bridge the  a tte n tio n  spans,” or because of his 
inab ility  to  “carry ,” b u t th e  te s ts  would give no indication  as to  which it  was. 
In  order to  th row  lig h t upon th is  question  it  w as necessary  to  in troduce 
betw een th e  sim ple ty p es  of the  firs t series and the  m ore complex ty p es of 
the second some in te rm ed ia te  form s.

These in v estig a to rs  accordingly secured the  co-operation, of Mr. C ourtis 
and w orked ou t w h a t are know n as the  Cleveland Survey T ests in A rithm etic . 
These te s ts  are  here reproduced in full. They consist of 15 sets, designated
A, B, 0 . T here a re  four se ts in add ition  (A, E, J ,  M ), tw o in su b trac tio n
(B, F ), th ree  in m u ltip licatio n  (C, G, L ), four in division (D, I, K, N ), and 
tw o in frac tions (H, 0 ) .  This gives a sp ira l a rrangem en t, as th e  pupil begins 
w ith  Set A and tak es  each se t in its  proper order.

In  th e  sets involving addition , Set A, which is sim ply T est 1 of Series A 
in th e  C ourtis S tan d ard  te s ts , requires sim ply a know ledge of the  com bina
tions. Set E requires the  add ition  of colum ns of five one-place num bers. This, 
then , is a new type. The pupil m u st combine th e  firs t tw o num bers and m u st 
th en  hold th is  sum  in m ind while he combines i t  in tu rn  w ith  th e  n ex t num ber. 
Set J  requ ires the  addition  of 13 one-place num bers. T his again  in troduces a 
new  elem ent, “bridging the  a tte n tio n  span .” I t  is a well know n fac t th a t  the  
ad d ition  of a  long column of num bers, is no t one continuous process. The 
indiv idual ra th e r  adds up several num bers, pauses for a m om ent while the  
a tte n tio n  w avers, then  continues the  addition. The fo u rth  set, M, requires 
th e  add ition  of colum ns of five four-place num bers. This brings in an o th er 
m en ta l process, th a t  of “carry ing .” The four se ts th en  indicate ab ility  or lack 
of ab ility  (1) in add ition  com binations, (2) in adding several num bers in a 
column, (3) in “bridging the  span of a tte n tio n ,” and (4) in “carry ing .”

The te s ts  con tain  b u t tw o sets in su b traction . Set B te s ts  th e  knowledge 
of th e  su b trac tio n  com binations, while se t F, the  su b trac tio n  of three- from  
three- and four-place num bers, te s ts  a knowledge of borrow ing. This covers 
the  field of su b traction .

In  m u ltip lication  th ere  are th ree  sets. Set C gives the  sim ple com bina
tions, Set G, th e  m ultip lica tio n  of four-place by  cme-place num bers, te s ts  a 
knowledge of “carry ing ,” while se t L, th e  m ultip lica tio n  of four- by  two- 
place num bers, requires a knowledge of the  m echanics of handling  the  m u lti
p lica tion  by a second num ber in the  m u ltip lie r and of th e  add ition  of the  
p a r tia l  p roducts.

In  division there  are  again  four te s ts . Set D te s ts  a know ledge of the  
sim ple com binations. Set I, the  division of five- by  one-place num bers, in tro 
duces “carry ing .” Set K, th e  division of th ree- and  four- by tw o-place n u m 
bers, brings in the  sim plest ty p e  of long division, involving no carry in g  in 
the  m ultip lication , and no borrow ing in the  su b traction . Set N is th e  m ore 
complex ty p e  of division requ iring  bo th  carry in g  and borrow ing.

*■

These te s ts  a tte m p t also to  diagnose th e  pup il’s a b ility  in frac tio n s in 
add ition  to  h is a b ility  in th e  fu n d am en ta ls w ith  in tegers. For th is  purpose 
Sets H  and O were introduced. Set H  requires add ition  and su b trac tio n  of 
fractions having a common denom inator, while in Set 0  frac tions of un like  
denom inators are added, sub trac ted , m ultip lied  and divided.

The Cleveland Survey te s ts  c arry  ou t the  plan  of the  C ourtis S tan d ard  
te s ts  as to  tim e allowance. The tim e lim it ranges from  30 seconds to  3 m inutes. 
The plan  w as to  give sufficient tim e for even the  slow est pupil to  w ork ou t 
a t  least one exam ple b u t no t enough to  allow  the  sw ifte s t to  finish them  all.
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Arithmetic Exercises

Cleveland Survey T ests

N a m e ............................................................................................Age.to d a y ..................................
Y ears M onths

G rad e .........................  School............................................... . ...............  R oom .........................

T each e r.....................................................      D ate  to d a y .......

H ave you ever repeated  the  a rith m etic  of a grade because of non-prom o
tion or t ra n s fe r  from  o ther school? I f  so, nam e g ra d e ..................................................
E xplain  c au se .......................................................... .......................................................................

Inside th is  folder are exam ples which you are to  w ork ou t when th e  
teacher tells you to  begin. W ork  rap id ly  and accurate ly . There are m ore 
problem s in each set th an  you can w ork ou t in the  tim e th a t  will be allowed. 
A nsw ers do no t count if th ey  are wrong.

Begin and stop p rom ptly  a t  signals from  the  teacher.

I- 1 1 
| A | B | C

1 I I
| D | . E  | F  
1 1 1

G H

1 1 1 1 
A 1 I I I  1 I 

1 1 I I 1 1 f
1 I I I  1 1 

R | |
i i i

R ank  | | | 
1 1 1

I 1 
I 1 
1 1

I
1

J  | K L M N 0

A
1 .

I
1

1
1

R
i

R ank
i

.i



SET A—Addition Ats.

SET B—Subtraction—

SET C—Multiplication-

9



SET D--Division—

3 )9 4 )3 2 6 )3 6 2 )0 7 )2 8 9 )9 3 )2 1

6 )4 8 1)1 5 )1 0 2 )6 4 )2 4 7 )6 3 6 )0

8 )3 2 1 )8 5 )3 0 8 )7 2 D O 9 )3 6 11L
2 )1 0 7 )4 2 1)1 6 )1 8 3 )6 4 )2 0 7 )4 9

1 )3 2 )8 6 )6 3 )2 7 8 )6 4 1 )2 4 )1 6

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

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

SET E-—Addition—

5 2 9 2 6 1 4 9

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

0 5 7 0 8 5 3 5

4 1 6 6 8 4 4 3

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

— . — — —

SET F—Subtraction—
616 1248 1365 1092 716
456 709 618 472 344

1267 1335 707 816 1157
509 419 277 335 908

1355 908 519 1236 1344
616 258 324 908 818

1009 768 1269 615 854
269 295  772 527 286

SET G—M ultiplication-
2345 9735 8642 6789 2345

2 5 9 2 6

9735 2468 6789 3579 2468
9 3 6 3 7

5432 9876 8642 3579 9876
4 8 5 7 4

5432 3689 2457 9863 7542
8 5 6 4 7
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SET h —Fractions— Ats. 1 Rts. 1
3 1 6 4 4 1 ' 8 7

-----1---- = -----_ — = _j-----— — -------=
5 5 9 9 9 9 9 9
1 5 3 1 1 4 6 2

-----f- — = . — —----- = +  — = — ------ ==
9 9 7 7 7 7 7 7 »
2 4 4 1 5 1 6 5

— +  — = ----- ----- = • -j-----= — ------ =
9 9 5 5 8 8 9 9
7 1 5 2 5 2 8 1

-----J----- = ---- ------ = +  — = — ------ —
9 9 7 7 9 9 9 9
1 3 6 1 2 1 5 4

-----1----- == ----- ----- = +  — = — ------ =
8 8 8 8 7 7 9 9
2 6 4 3 4 2 7 5

-----1----- = ----- ----- = +  — = ____ —
9 9 8 8 7 7 9 9

SET I—Division—

4)55424 7)65982 2)58748 5)41780

9)98604 6)57432 3)82689 6)83194

8)51496 9)75933 8)87856 4)38968

SET J —Addition—
i y 4 7 2 9 6 7 7 8 9 4 3 2
5 2 5 1 9 6 9 . 1 8 0 5 3 1 1
4 4 8 9 4 2 6 5 5 7  3 7 7 6
2 8 1 4 8 4 7 1 4 1 4 7 . 6 6
0 7 8 2 1 1 4 6 8 5 2 2 6 8
6 2 4 3 5 7 0 4 1 8. 6 0 9 1
5 5 5 8 5 3 3 5 2 1 3 9 3 6
1 3 1 5 2 9 7 3 1 3 9 5 4 9
8 6 3 2 4 2 1 3 3 7 2 6 5 7
3 1 9 7 3 2 6 7 9 4 2 3 4 5
2 4 6 7 6 8 0 6 8 9 8 4 2 2
9 8 3 1 7 5 6 1 4 4 5 8 9 2
9 8 5 9 6 5 6 7 5 4 6 8 9 4

•— — — — — — — — — — — — —
SET K—Division— '
21)273 52)1768 41)779 22)462 31)837
42)966 23)483 72)1656 81)972 73)1679
21)294 62)1984 31)527 52)2184 41)984
32)384 51)2397 82)1968 71)3692 22)484
41)1681 33)693 % 61)1586 53)1166 31)496

SET L—M ultiplication
8246 3597 5739 2648

29 73 85 46

4268 7593 6428 856337 64 58 207------ ------
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SET M—A ddition - A ts. R ts .

7493 8937 8625 2123 5142 3691
9016 6345 4091 1679 0376 4526
6487 2783 3844 5555 4955 7479
7591 4883 8697 6331 9314 2087
6166 1341 7314 6808 5507 8165

5226 9149 6268 9397 7337 8243
2883 8467 7725 6158 2674 6429
2584 0251 8331 3732 9669 9298
0058 7535 5493 4641 5114 7404
2398 5223 3918 7919 8154 2575

SE T  N—D iv isio n -

67) 32763 48)28464 97)36084 59)29382

78)69888 88)34496 69)40296 38)26562

SE T  0 —Fractions-

11 1 9 1 3 5
— +  — — ----1--- = X — =
15 6 14 4 5 6

5 2 5 19 11 5____ = — X — ‘= -=----- =
6 21 6 20 12 8

1 3 5 11 5 2
— X — = _ ---- = +  — =
6 10 6 15 12 8

20 1 3 3
i

3 3

21 6
----- 1-----

4 18 8 10

In stru c tio n s  for E xam iners

H ave the  children fill ou t the  b lanks a t  the  top  of th e  first page. H ave 
them  s ta r t  and stop  w ork  together. L et th ere  be an  in te rv a l of h a lf a m inute  
betw een th e  sets of exam ples. Take tw o days for the  te s t ;  give down th rough  
I  th e  first day, and com plete the  te s t  on the  n ex t day. The tim e allow ances 
below m u st be followed exactly .

Set A . 30 seconds Set F , , 1 m inute Set K 2 m inutes

Set B. . . 301 seconds Set G 1 m inute Set L 3 m inutes

Set C. 30 seconds Set H 30 seconds Set M 3 m inutes

Set D 30 seconds Set I 1 m inute Set N 3 m inu tes

Set E 30 seconds Set J 2 m inu tes Set O , 3 m inu tes

Have the  children exchange papers. R ead the  answ ers aloud and le t the  
children m ark  each exam ple th a t  is correct, “C.” For each se t le t them  count 
the  num ber of problem s a tte m p ted  and the  num ber of “C’s” and w rite  th e  
num bers in th e  ap p ro p ria te  colum ns a t  the  rig h t of the  page.

The records should th en  be tran scrib ed  to  the  first page. Please verify  the  
re su lts  se t down by the  pupils.
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THE WOODY SCALES

The Woody scales are the results of another a ttem pt to devise a series 
of tes ts  for measuring achievements in the four fundam ental operations of 
arithm etic. The author of the scales makes the statem ent th a t the funda
m ental aim was to devise a series which would indicate the type of prob
lems and the difficulty of the problems th a t a class could solve correctly. Each 
te s t is, therefore, composed of as great a variety  of problems as possible. They 
are arranged in the order of increasing difficulty, beginning with the easiest 
th a t can be found and gradually increasing in difficulty until the last can be 
solved by only a small per cent of the pupils in the eighth grade. The degree 
of difficulty of each problem was determined, not by analysis, but by sub
m itting  the tests to a large number of children and computing the difficulty 
of each problem from the number of children th a t were able to solve it.

In building the scales under the above outlined plan the author made up 
tests  containing as great a variety  of problems as possible and subm itted 
them to a large number of children. The results of these tests  showed th a t 
the prelim inary tests did not conform to the plan adopted. They did not 
show an arrangem ent of problems' such th a t they were solved by a gradually 
increasing per cent of the pupils from one grade to the next higher. There 
were large gaps between certain problems. These defects were remedied by 
introducing extra problems to fill up these gaps and by dropping out such 
problems as were solved by a higher percentage of pupils in the lower grades 
than  in the higher grades.

This method of construction has been severely criticised. I t  is m ain
tained th a t if we are to measure arithm etical abilities w ith any degree of 
certain ty  we m ust include in our tes ts  problems th a t exercise all the im
portan t types of arithm etical abilities, whether or not this gives us a list 
of problems gradually increasing in difficulty. This criticism is undoubtedly 
ju s t to a certain extent. At least it is safe to say th a t if we are to use the 
Woody scales intelligently we m ust know their lim itations.

The&e scales are published in two series, A and B. Series A is the more 
complete, while series B is made from series A by leaving out p art of the 
problems, and is intended to  be used by those who can devote bu t a limited 
time to giving the tests. Series A was used in this study and is given here 
in full.
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Series A

Addition Scale
By Clifford W oody

C ity ................................ C o u n ty ............................  School............................D a t e . . . .
N a m e .  ........................................................................W hen is your nex t b ir th d a y ? .
How old w ill you be ? ............................................ Are you a boy or a g irl ? ...........
In  w h a t grade are y o u ? ........................................T eacher’s n a m e ............................

(1)  (2)  (3) (4) (5) (6)  (7) (8)  (9)
2 2 17 53 72 60 3 +  1 =  . ■ 2 +  5 +  1 =  20
3 4 2 45 26 37 10

— 3 — — — — 2
— 30

25

(13) (14)
23 25 +  42 =
25 
16

(10) (ID (12)
21 32 43
33 59 1
35 17 2
— — 13

(19) (20)
$ .75 $12.50 $'

62%
12%
37%

(33)
.49

(15)
100

(16)
9

(17)
199

(18)
2563

33 24 194 1387
45 12 295 4954

201 15 156 2065
46 19 ---- ------

(24)
4.0125 %

(25)
+  % +  7/ s +  % =

(21) (22) (23)
547 % +  %

1.25 16.75 5.75 197 1.5907
.49 15.75 2.33 685 4.10

    4.16 678 8.673
.94 456 ---------

6.32 393
  525

240
152

(26) (27)  (28) (29) (30) (31)  (32)
12% % +  % •+ % =  % +  % =  4%  2% 113.46 % +  % +  y4 :

(29) (30) (31)

4 % 2% 113.46
2% 6% 49.6097
5% 3% 19.9
--- --- 9.87

.0086
18.253

6.04

(34) (35)  (36)
.28 % - { - % — 2 ft. 6 in. 2 y r. 5 mo.
.63 3 ft. 5 in. 3 yr. 6 mo.
.95 4 ft. 9 in. 4 y r. 9 mo.

1.69    5 y r. 2 mo.
.22 6 yr. 7 mo.
.33 --------------
.36

1.01
.56
•88 ( 38)

.75 25.091 +  100.4 +  25 +  98.28 +  19.3614 =

.56
1.10

.18

.56
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Series A

Subtraction Scale
By Clifford W oody

C ity ................................ C o u n ty ..........................  School..............................D a te .
N am e.......................................................................W hen is your nex t b ir th d a y ?
How old w ill you be ? .........................................Are you a  boy or g irl ? . . . . . .
Tn Anrlici'f rrvarlp q w  v n n  2 Ten.p.hpr’s n a .m e . . .

j  • •

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

8 6 2 9 4 11 13 59 78

oII1!>•

5 0 1 3 4 7 8 1 2 37 60

(12) (13) (14) (15) (16) (17) (18) (19) (20)

27 16 50 2 1 270 393 1000 567482 2% —  1 —
3 9 25 9 190 178 537 106493

(21) (22) (23) (24) (25) (26)
1 0 .0 0 3V2 - % = 80836465 8% 27 4 yds. 1 ft. 6 in.
3.49 49178036 5% 12% 2 yds. 2 ft. 3 in.

(27) (28) (29) (30)
5 yds. 1 ft. 4 in. 10 — 6.25 =  75% 9.8063 — 9.019 .=
2 yds. 2 ft. 8 in. 52%

(31) (32) (33) (34) (35)
7.3 — 3.00081 =  1912 6 mo. 8 da. 5 2 6% 3% — 1% =

1910 7 mo. 15 da. — --------=  2%
—  12 10

15



Series A

M ultiplication Scale
By Clifford W oody

C i ty . ..
N a m e , your nex t b i r th d a y ? ...............
How old w ill you be ?. .. . a  boy or g irl?
In  w hat grade are you ? s nam e

(i) (2) (3) (4) (5) (6) (7)
3 X 7  = 5 X 1  = 2 X 3  = 4 X 8  = 23 310 7 X 9  =

3 4

(8) (9) (10) (ID (12) (13) (14) (15)
50 254 623 1036 5096 8754 165 235

3 6 7 8 6 8 40 23

(16) (17) (18) (19) * (20) (21) (22)
7898 145 24 9.6 287 24 8 X 5% =

9 206 234 4 .05 2%

(23) (24) (25) (26) (27) (28) (25)
1 % X  8 =  16 % x  % = 9742 6.25 .0123 Ys X 2 =

2% 59 3.2 9.8

(30) (31) (32) (33) (34)
2.49 12 15 6 dollars 49 cents 2% x  3% = V2  x  %  =

.36 —  X —  = 8
25 32

(35) (36) (37) (38) (39)
987% 3 ft. 5 in. 2%  X 4y2 X iy2 = .0963% 8 ft. 9y2 in.

25 5 .084 9
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Series A

Division Scale
By Clifford W oody

C ity ................................  C o u n ty .........................  School...........................  D a te . .
N am e ....................................................................... W hen is your nex t b ir th d a y ? .
How old will you be ? ......................................... Are you a boy or g irl ? ..............
In  w h a t grade are you ?  • • ................Teacher’s n a m e ...........................

(1) (2) (3) (4) (5) (6)

3~j~6 9)27 4 )28~ 1)5 9)36 3)39

(7) (8) (9) (10) (li) (12)

4 -f- 2 = 9 To i j r 6 X . . .  . =  30 2)13 2 +  2 =

(13) (14) (15) (16) (17)

4)24 lbs. 8 oz. 8)5856 % of 128 === 68)2108 50 -f- 7 =

(18) (19) (20) (21) (22)

13)65065 248 '-5- 7 = 2.1X25.2 25)9750 2)13.50

(23) (24)

23)469 75)2250300 2400)504000 12)2.76

(27) (28) (29) (30)

% of 624 =  .003).0936 3% -f- 9 =  %■-*- 5 =

(31) (32) (33)
5 3 9% -f- 3% =  52)3756

(34) (35)

62.50 -5- 1% =  531)37722 9)69 lbs. 9 oz.

The addition  scale begins w ith  2 +  3 and includes th e  add ition  of in 
creasingly  difficult exercises. I t  brings in fractions, b o th  w ith  common denom i
n a to rs  and w ith  different denom inators, m ixed num bers, decim als, and com
pound num bers of tw o denom inations.

The su b trac tio n  scale is m ade up of problem s involving num bers of the  
sam e kind  as those  in th e  add ition  scale.

The m ultip lication  scale includes th e  sim ple com binations, m u ltip lica 
tion  of in tegers by in tegers up to  four figures in the  m ultip licand  and tw o 
in the  m ultip lier, a frac tio n  by a fraction , a  decim al by  a decim al, and a 
compound num ber by an* in teger.

The division scale includes the  sim ple com binations, sh o rt division, long 
division up to  th e  division of a num ber of from  five to  seven d ig its  by  one 
of tw o or th ree  d ig its, division of m ixed num bers, frac tions, decim als and 
compound num bers.

In  giving these  te s ts  the  tim e allow ed is p ractica lly  u n lim ited ; tw e n ty  
m inu tes being allow ed for each te s t.  In  th is  leng th  of tim e nearly  a ll the  
pupils will have com pleted a ll the  problem s th a t  th ey  can solve. These te s ts
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are then “power” tests  ra ther than  “speed” tests  such as those devised by 
Courtis.

Another way in which the Woody scales differ from the Courtis tests  is 
th a t in the la tte r the problems in a given te s t are of equal difficulty, 
while in the former they are of varying degrees of difficulty. This being the 
case it became necessary for Mr. Woody to adopt some unit by means of 
which the degree of difficulty of each problem could be stated. The un it 
adopted was the Probable Error (P. E.) of the school grade-distribution. The 
median achievement of a grade d is tribu tion  i. e,, a problem th a t is solved 
by exactly 50% of the grade, is taken as the measure of the achievement of 
the grade. The P. E. of a grade distribution is th a t distance along the base 
line of a surface distribution -from the median point to the perpendicular on 
either side of the median which cuts off twenty-five per cent of the cases. 
The P. E. of the grade’s distribution is the lim its of the middle 50'% of 
the grade. In other words if exactly 50% of a class are able to solve a problem 
correctly, then 25% of th a t class should be able to solve a problem th a t is 
a t least one un it (P. E.) more difficult, and 75% of th a t class should be 
able to solve a problem one unit less difficult.

THE MONROE TESTS

The th ird  series of tes ts  included in this study is the one devised by 
W alter S. Monroe.

This author s ta rts  out deliberately to construct a series of tes ts  of the 
operations in arithm etic th a t will include all or nearly all of the types of 
examples encountered in arithm etical work. He points out the fact th a t 
existing studies show th a t there are as many arithm etical abilities as there 
are types of examples and argues th a t any tes t th a t is to be really diagnostic 
m ust include all the im portant types w ithin its scope.

According to Mr. Courtis there are six types of operations in the addition 
of integers, four in subtraction, nine in multiplication, and ten  in division. 
Kallom has analyzed the addition of two fractions and reached the con
clusion th a t there are fourteen types of examples. Mr. Monroe, w ithout m ak
ing a very careful analysis, carries the discussion of types on through frac
tions and decimals and reaches the conclusion th a t there are a t least 86 
significant types of examples in the fundam ental operations of arithm etic 
(integers, 30; common fractions, 36; decimal fractions, 20 to 40). This is 
exclusive of those involved in the w riting and reading of numbers, in the 
tables of denominate numbers, and in the solution of problems.

The 21 tests  devised by Mr. Monroe contain 61 of these types. These 
tests  are given in limited lengths of time so th a t they measure both speed 
and accuracy. In this respect they differ from the Woody tests  and agree 
with the Cleveland tests. In fact Mr. Monroe argues th a t arithm etical abilities 
are “two dimensional,” and th a t any a ttem pt to measure them m ust take this 
fact into consideration. He admits, however, th a t the usual class-room pro
cedure is to measure power only w ithout much regard to speed.

The 21 te s ts  are given here in full. They are printed in four different 
folders. The first two, containing tests  1-11, deal w ith the four fundam ental 
operations w ith integers; the third, tests 12-16, deals w ith common frac
tions; the fourth, tests  17-21, w ith decimal fractions. The fourth folder was 
not used in this study.
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P a r t  I—T ests 1-6.

B ureau of E ducationa l M easurem ents and S tan d ard s
K ansas S ta te  N orm al School, E m poria, K ansas

DIAGNOSTIC T E ST S IN  A R ITH M ETIC  
O perations W ith  In teg ers  

Devised by W alte r  S. Monroe

N am e ............................................................................................Age to d a y ..................................
Y ears M onths

C ity ................................................................• • ........... G rad e .................... R o o m .....................
School..................................... T each e r......................................D ate  to d a y .............................

In stru c tio n s  to  E xam iners

Have the  pupils fill ou t the  b lanks a t  th e  top  of th is  page. H ave them  
s ta r t  and stop  w ork together. Use a stop  w atch  if one is av ailab le ; if not, 
use an ord inary  w atch  w ith  a  second hand and exercise care to  allow  ju s t  the  
exact tim e for each te s t. Allow an in te rv a l of h a lf a m inu te  or m ore betw een 
te s ts . Require the  pupils to  close th e  folder as soon as the  signal to  stop  is 
given, in order to  m ake certa in  th a t  th ey  do no t spend th is  re s t period w orking 
on the  n ex t te s t. I f  the  pupils need to  sharpen  pencils before going on, allow  
th is  to  be done. The follow ing tim e allow ances m u st be followed ex ac tly :

T est 1—30 seconds. T est 4— 1 m inute .
T est 2—30 s'econds. T est 5—3 m inutes.
T est 3— 1 m inute . T es t 6—2 m inutes.

H ave the children read  the  follow ing d irections: “Inside th is  folder are
exam ples which you are to  w ork ou t when the  teacher te lls  you to  begin. Do 
no t open th is  folder before th e  teacher gives the  signal. W ork  rap id ly  and 
accurate ly . There are  more exam ples in each te s t  th a n  you can w ork  ou t in 
th e  tim e th a t  will be allowed. A nsw ers do no t count if th ey  are wrong. Begin 
and stop  p rom ptly  a t  signals from  the  teacher. Place th e  te s t  in position  on 
your desk so th a t  you can open it  quickly  when th e  signal is given to  begin, 
b u t do no t open it u n til  the  signal is given.”

A fte r all of the  te s ts  have been com pleted have the  pupils exchange papers. 
R ead the  answ ers aloud and have the  children m ark  each exam ple th a t  is 
correct “C.” C ount th e  num ber of exam ples a tte m p ted  and th e  num ber of 
“C’s” and w rite  the  num bers in the  proper spaces a t  th e  top  of th e  te s ts . 
Exam ples p a r tia lly  com pleted or p a r tia lly  rig h t are no t counted.

Before collecting th e  papers have the  records transcrib ed  to  th e  firs t page. 
The teacher should verify  a sufficient num ber of records to  m ake c erta in  th a t  
the  pupils have m arked  th e  papers and transcribed  th e  re su lts  correctly .

T est ................................................... 1 21 3 4 5 6

N um ber of exam ples a tte m p ted ...... „ . | .........1
N um ber of exam ples r ig h t ......... ..........I..........
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T est 1—ADDITION.
A t

R t

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

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

A t
T est 2— SUBTRACTION.

R t

37 94 60 27 39 41 77 53
5 8 3 6 7 8 3 9

65 80 92 70 68 58 26 43
2 4 5 3 2 9 9 8

95 50 36 34 44 25 63 57
4 7 1 8 6 3 7 9

»
A t

T est 3—M U LTIPLICA TIO N .
R t. .

6572 6750 5863 3754 2845
6 9 2 5 8

4936 9327 8274 8409 6391
4 7 3 6 9

5482 8609 3679 2758 4658
2 5 8 4 7

9653 3174 2874 7901 2179
3 6 9 2 5

A t
T est 4—DIVISION.

R t

) 3840 4)7432 7)2534 3)8430 6)4680

>8577 2)6370 5)9310 8)7512- 4)3820

7)9653 3)5781 6)6720

20
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T est 5—ADDITION.

7862 6809 8941
5013 7623 7910
1761 5299 9845
5872 6601 8522
3739 3496 1046

8758 2462 1247
2350 9869 3573
3197 4572 1081
2338 6420 7805
5917 6772 9864

T est 6—DIVISION.

82)3854 43)1591

63)3591 94)4042

83)5312 42)672

62)2108 93)5022

84)7140 41)3567

64)5312 92)6624

A t

R t

6772 7864 1249
6028 7883 8975
6535 8240 9005
2340 9869 1573
2319 6794 3203

6794 3283 7917
5420 7805 4304
4570 7642 9027
8028 7803 9975
8758 2462 1247

A t

R t

74)2664 31)1953

21)1344 53)4452

71)5183 32)2304

23)782 51)2703

73)6278 33)1386

24)984 52)3484

5917
4814
9007
6975
1227

4319
2358
5795
4314
1249
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P art II—Tests 7-11.

Bureau of Educational Measurements and Standards
Kansas S tate  Normal School, Emporia, Kansas

DIAGNOSTIC TESTS IN  ARITHMETIC 
Operations W ith Integers 

Devised by W alter S. Monroe

...............................................Age to d ay ...............................
Years Months

.................................  G rade.................  Room..................
Teacher...................................Date to d ay ...........................

Instructions to Examiners

Have the pupils fill out the blanks a t the top of this page. Have them 
s ta r t and stop work together. Use a stop watch if one is available; if not, 
use an ordinary watch w ith a second hand and exercise care to allow ju s t the 
exact time for each test. Allow an interval of half a minute or more between 
tests. Require the pupils to close the folder as soon as the signal to  stop is 
given, in order to make certain th a t they do not spend this rest period working 

/ on the next test. If the pupils need to sharpen pencils before going on, allow 
this to be done. The following time allowances m ust be followed exactly:

Test 7—2 minutes. Test 10—2 minutes.
Test 8—3 minutes. Test 11—4 minutes.
Test 9—1 minute.

Have the children read the following directions: “Inside th is folder are 
examples which you are to work out when the teacher tells you to begin. Do 
not open this folder before the teacher gives the signal. W ork rapidly and 
accurately. There are more examples in each te s t than  you can work out in 
the tim e th a t will be allowed. Answers do not count if they are wrong. Begin 
and stop prom ptly a t signals from the teacher. Place the tes t in position on 
your desk so th a t you can open it quickly when the signal is given to begin, 
bu t do not open it un til the signal is given.*’

A fter all of the tests  have been completed have the pupils exchange papers. 
Read the answers aloud and have the children m ark each example th a t is 
correct “C.” Count the number of examples attem pted and the number of 
“C’s” and write the numbers in the proper spaces a t the top of the tests. 
Examples partia lly  completed or partially  right are not counted.

Before collecting the papers have the records transcribed to the first page.
The teacher should verify a sufficient number of records to make certain th a t
the pupils have marked the papers and transcribed the results correctly.

Name.

C ity ..
School

Test .................................................... | 7
i

8 9 10 11

Number of examples a tte m p te d ..) ..............
I
i

Number of examples r ig h t............ | ...............
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T est 7—ADDITION.
A t

R t

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

T est 8—M U LTIPLICA TIO N .

4857 5718
36 92

9625 6123
23 64

1253 5376
38 , 76

T est 9— SUBTRACTION.

739 1852 975
367 948 906

508 1371 1284
447 843 966

1910 735 1056
361 478' 591

831 954 1077
360 483 704

8 3 2 6 9 5 7
9 9 •4 3 7 8 8
5 1 1 6 4 9 0
7 8 4 4 9 7 2
2 1 2 8 8 3 1
0 7 6 9 3 3 8
8 6 3 2 3 9 9
4 5 3 0 9 0 6
2 2 3 1 8 7 8
1 1 1 2 0 7 6
9 . 1 1 1 2 0 7
6 0 2 2 2 3 1
7 8 3 4 4 4 5

A t

R t

6942 4065
58 47

7486 -  9027
75 89

3786 ' 5492 "
49 53

A t ....................

R t ....................

1087 516 962
821 239 325

730 1853 897
508 162 258

877 1190 619
618 739 257

1328 939 1316
872 654 827

8 '

3
4
8
5
2
7
4
2
9
5
5
5
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T est 10—M U LTIPLICA TIO N .

560 807 617
37 59 * 508

435 790 940
308 60 38

780 502 386
56 68 207

817 460 730
109 30 52

T est 11—DIVISION.

47j 27589 79)36893

96)56064 28)21980

48)32304 76)36708

A t ......................

R t ......................

840 730 609
80 96 70

307 682 870
42 409 40

150 850 401
90 72 80

605 392 590
84 306 30

A t ..........................

R t ..........................

36)28296 68)31824

57)22572 89)25365

67)39932 98)46844
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P a r t  III . T ests 12-16.

B ureau of E ducationa l M easurem ents and S tan d ard s
K ansas S ta te  N orm al School, Em poria, K ansas

DIAGNOSTIC T E ST S IN  A R ITH M ETIC  
O perations W ith  Common F rac tio n s

Devised by W alte r  S. M onroe

N am e ...................................................................................... * . Age to d a y .................................
Y ears M onths

C ity ................. ..............................................................  G rad e .................... R oom .............
School....................................  T each er.......................................D ate  to d a y .............................

In stru c tio n s to  E xam iners

H ave the  pupils fill ou t the  b lanks a t  th e  top  of th is  page. H ave them  
s ta r t  and  stop  w ork  together. Use a stop  w atch  if  one is av ailab le ; if not, 
use an o rd inary  w atch  w ith  a second hand  and exercise care to  allow  ju s t  the  
exact tim e for each te s t. Allow an in te rv a l of h a lf a m inute  or m ore betw een 
te s ts . Require the  pupils to  close the  folder as soon as the  signal to  stop  is 
given, in order to  m ake certa in  th a t  th ey  do no t spend th is  re s t period w orking 
on the  nex t te s t. I f  the. pupils need to  sharpen  pencils before going on, allow  
th is  to  be done. The follow ing tim e allow ances m u st be followed ex ac tly :

T est 12— 1V2 m inutes. T est 15—2 m inutes.
T est 13—2 m inutes. T est 16— 2 m inutes.
T est 14— 1 m inute.

H ave the  children read the  follow ing d irections: “Inside th is  folder are
exam ples which you are to  w ork  ou t when the  teacher te lls  you to  begin. Do
no t open th is  folder before th e  teacher gives the  signal. W ork  rap id ly  and 
accurate ly . There are more exam ples in each te s t  th a n  you can w ork  ou t in 
th e  tim e th a t  will be allowed. Answ ers do no t count if th ey  are  wrong. Begin
and stop  p ro m p tly  a t  signals from  the  teacher. Place th e  te s t  in position  on
y our desk so th a t  you can open i t  quickly  when th e  signal is given to  begin, 
b u t do no t open it  u n til  th e  signal is given.*’

A fte r all of the  te s ts  have been com pleted have the  pupils exchange papers. 
R ead th e  answ ers aloud and have the  children m ark  each exam ple th a t  is 
correct “C.” Count th e  num ber of exam ples a tte m p ted  and  th e  num ber of 
“C’s” and w rite  the  num bers in the  proper spaces a t  th e  top  of th e  te s ts .
Exam ples p a r tia lly  com pleted or p a r tia lly  rig h t are no t counted.

Before collecting th e  papers have th e  records transcrib ed  to  th e  first page. 
The teacher should verify  a sufficient num ber of records to  m ake certa in  th a t  
the  pupils have m arked  the  papers and transcribed  th e  re su lts  correctly .

T est .............................................
1

12 13 14 15 16

N um ber of exam ples a t t e m p te d . . ! ...............r  r |

N um ber of exam ples r ig h t ............. | ................ 1...........
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Test 12.—ADDITION.
A t.

your answers to lowest terms. R t

1 1 3 2 5 2
-----1- —' = — 4- — = — H—  =
6 3 10 5 9 3
5 1 1 1 5 7
— + — = -----U — = • — ■i-----=
6 2 8 2 6 12
3 1 1 1 1 t

-  + — = -----1-----= — _|----- =
4 2 3 12 2 10
3 5 5 1 1 5

— + — = -----1-----= — H-----—
4 12 8 ' 4 2 12
1 2 4 7 5 3

-----\- — = -----1-----= — +  - = =
6 3 5 10 8 4

sst 13--SUBTRACTION.
At.

i your answers to lowest terms. R t

3 2 5 3 1 2

4 5 6 4 2 7
7 1 2 1 5 2

10 6 3 2 6 15
3 1 7 1 2 3

4 3 9 6 OO 5

5 3 3 2 7 3

6 8 * 
I I i i

12 8

5 3 8 4 4 1
------ — = — -------- = — ---- -—.=
6 5 15 9 5 3

Test 14—MULTIPLICATION. 
Reduce your answers to lowest terms.

At.

R t.

2 3 2 3 5 3
____ X — = — X --- =■= — X — =
3 4 5 7 12 5

4 2 1 3 1 1
_ X — = _ X —  — — X — =
9 5 3 8 2 3
2 3 4 1 7 4
_ x '__= — X — = — X — =
5 4 5 3 12 7
3 1 2 1 1 1

— X — = — X — == — X -— =
8 . 4 7 6 3 2
4 5 4 7 1 3

— X — = — X — = — X — ==
15 8 5 9 6 10
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Test 15—ADDITION 

Reduce your answers to lowest terms.

1 3  3
 1-----=   h
6 5 12

4 1 1
 1-----=   h
9 6 3

1 2 7
 1-—   1_
2 3 10

3 5 1
 1-=   1-
8 6 7

2 2 3
 1-=   [-
5 3 10

Test 16—DIVISION.

Reduce your answers to lowest terms. 

2 1 4

5 3 7

5 5 3

6 8 7

1 1 2

2 3 3

4 8 3

7 11 5

4 1 2

5 2 5

At

R t

3 1 

5 + 2

4 5

15 9

1 3

3 4

1 1

10 15

4 3
— H =
7 5

At

R t

3 2

8 3

7 4

12 9

2 3

3 4

1 1

4 6

5 4

12 9

5

8

4

7

3

8

2

5

1

4

2

3

4

5

8

9

3

4

3

7
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P a r t  IV. T es ts  17-21.

Bureau of Educational Measurements and Standards
K ansas S ta te  N orm al School, Em poria, K ansas

DIAGNOSTIC T E ST S IN  A R ITH M ETIC

M ultip lication  and Division of Decim al F rac tions 
Devised by  W alte r  S. Monroe

.................................................. Age to d a y ..................................
Y ears M onths

................................... G rad e    R oom ....................
T each er......................................D ate  to d a y .............................

In s tru c tio n s  to  E xam iners

H ave the  pupils fill ou t the  b lanks a t  th e  top  of th is  page. H ave them  
s ta r t  and stop  w ork  together. Use a stop  w atch  if one is availab le ; if not, 
use an o rd inary  w atch  w ith  a second hand and exercise care to  allow  ju s t  the  
exact tim e for each te s t.  Allow an in te rv a l of h a lf a m inu te  or m ore betw een
tes ts . Require the  pupils to  close th e  folder as soon as the  signal to  stop  is
given, in order to  m ake certa in  th a t  th ey  do no t spend th is  re s t period w orking 
on th e  nex t te s t. I f  the  pupils need to  sharpen  pencils before going on, allow  
th is  to  be done. The follow ing tim e allow ances m u st be followed ex ac tly :

T est 17—30 seconds. T est 20—30 seconds.
T est 18—30 seconds. T est 21—30 seconds.
T est 19—30 seconds.

H a^e the  children read  the  follow ing d irections: “Inside th is  folder are 
exam ples which you are to  w ork ou t when the  teacher te lls  you to  begin. Do 
no t open th is  folder before the  teacher gives the  signal. W ork  rap id ly  and 
accurate ly . There a re  m ore exam ples in each te s t  th a n  you can w ork  ou t in 
th e  tim e th a t  w ill be allowed. A nsw ers do no t count if th ey  are  wrong. Begin 
and stop  p rom ptly  a t  signals from  the  teacher. Place th e  te s t  in position  on 
your desk so th a t  you can open it  quickly  when the  signal is given to  begin, 
b u t do no t open it u n til  th e  signal is given.”

A fte r all of the  te s ts  have been com pleted have the  pupils exchange papers. 
R ead th e  answ ers aloud and have th e  children m ark  each exam ple th a t  is 
correct “C.” Count th e  num ber of exam ples a tte m p ted  and th e  num ber of 
“C’s” and w rite  the  num bers in the  proper spaces a t  th e  top  of th e  te s ts . 
Exam ples p a r tia lly  com pleted or pa*rtially rig h t are n o t counted.

Before collecting th e  papers have th e  records transcrib ed  to  th e  first page. 
The teacher should verify  a sufficient num ber of records to  m ake certa in  th a t  
the  pupils have m arked  th e  papers and transcribed  th e  re su lts  correctly .

I
T est ...................................................... . | 17 18 19 20 21

N um ber of exam ples a tte m p te d . . |. .
i

’NTnrnhpr n f  P Y a m n lp s  r ia l i t ,  1..................... 1...........

N am e .........

C i ty . .........
School.. . '
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A t ................................
T est 17—DIVISION.

R t .................................

The correct answ er for each exam ple w ith  the  exception of th e  decim al 
po in t is given a t  the  side im m ediately  a f te r  the  fe tte rs  “Ans.” W rite  the  
answ er in its  proper position  and place the  decim al po in t in its  proper place.
Place ciphers before or a f te r  the  answ er when th ey are necessary.

5)3)16.2 A ns.: 54 .07)1.82 A ns.: 26 .05).415 A ns.: 83
.06)7.44 A ns.: 124 .08).952 A ns.: 119 .04)87.6 A ns.: 219
.02).144 A ns.: 72 .08)40.8 A ns.: 51 .09)3.42 A ns.: 38
.03)47.4 A ns.: 158 .07)8.61 A ns.: 123 .05).965 A n s .: 193
.09)5.76 A ns.: 64 .04).348 A n s .: 87 .06)51.0 A ns.: 85
.02).748 A ns.: 374 .03)89.1 A ns.: 297 .05)6.85 A ns.: 137
.09)94.5 A ns.: 105 .01)5.48 A ns.: 548 .06) .288 A ns.: 48
.04)9.84 Ans.: 246 .07).238 A ns.: 34 .08)44.8 A ns.: 56

A t
T est 18—M U LTIPLICATION .

R t ...........

P lace the  decim al po in t correctly  in the  follow ing products:

657.2 67.50 5.863 375.4 28.45 4.936
.7 .03 .6 .09 .2 .05

46004 20250 35178 ■ 33786 5690 24680

932.7 82.74 8.409 639.7 54.82 8.609
.08 .4 .07 .3 .06 .9

74616 33096 58863 - 19191 32892 77481

367.9 27.58 4.658 965.3 31.74 2.874
.2 .05 .8 .04 .7 .03

7358 13790 37264 38612 22218 8622

574.6 82.47 7.462 834.7 54.32 7.842
.06 .9 .02 .5 .08 .4

34476 74223

T est 19—DIVISION .

14924 41735 43456

A t ...........

R t ...........

31368

The correct answ er for each exam ple w ith  the  exception of the  decim al
po in t is given a t  the  side im m ediately  a f te r  th e  le tte rs “Ans.” W rite  the
answ er in its  proper position  and place the  decim al po in t in its  proper place.
Place ciphers before or a f te r  the  answ er when th ey  are necessary.

.4) 148. A ns.: 37 .9)65.7 A ns.: 73 .6)1.68 A ns.: 28

.7). 301 A ns.: 43 .3)47.7 A ns.: 159 .6)8.34 A ns.: 139

.2).548 A ns.: 274 .4)744. A ns.: 186 .3)117. A ns.: 39

.9).756 A ns.: 74 .8)672. Ans.: 84 .7)59.5 A ns.: 85
5) 865 Ans.-. 173 .3)684. A ns.: 228 .6)93.6 A ns.: 156
.2)7.92 A ns.: 396 .4)352. A ns.: 88 .3)16.2 A ns.: 54
.7)3.22 A ns.: 46 .5).710 A ns.: 142 .8)376. A ns.: 47
.1)9.42 A ns.: 942 .6).852 A ns.: 142 .2)74.2 A ns.: 371
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Test 20—MULTIPLICATION.
A t.

R t.

Place the decimal point correctly in the following products:

487.5 57.28 6.294 4065. 967.5
.62 9.5 .28 5.1 8.4

302250 544160 176232 207315 712700

61.32 7.465 7486. 907.2 14.53
.17 4.3 .76 .39 6.2

104244 320995 558936 353808 90086

5.376 8637. 549.3 84.74 * 8.637
.91 2.4 5.7 .83 1.6

489216 207588 313101 703342 138192

5194. 784.1 36.74 2.893 4936.
.49 .72 3.5 .68 9.4

254506 564552. 128590 196724 463984

Test 21—DIVISION.
A t.

R t.

The correct answer for each example, w ith the exception of the decimal 
point, is given below the quotient, after the letters, “Ans.” W rite the answer 
in its proper position and place the decimal point in its proper place. Place 
ciphers before or after the answer when necessary.

.47)2758.9 

Ans.: 587

3.6)2829.6 

Ans.: 786

96.) 5606.4 

Ans.: 584

.57)22572. 

Ans. r 396

4.8)32304. 

Ans.: 673

8.2)38.54 

Ans.: 47

74.) 26.64 

Ans.: 36

.63)35.91 

Ans.: 57

2.1)140.7 

Ans.: 67

83.)531.2 

Ans.: 64

79.) 36.893 

Ans.: 467

.68)31.824 

Ans.: 468

2.8)21.980 

A ns.: 785

89.) 253.65 

Ans. : 285

.76)367.08 

Ans.: 483

.43)1591 

Ans.: 37

3.1)1953. 

Ans.: 63 

94. L042 

Ans.: 43

.53)4.452 

Ans.: 84

4.2).672 

Ans.: 16
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PART II

Having in mind the purpose and character of the tests  to be used we may 
now tu rn  to the main question a t issue in the study, viz., do the different 
tests  agree as to results? If they do the fact may be taken as a strong indi
cation th a t they are all well suited to their purpose. If  they disagree then 
certainly one or more of the tests  is fau lty  in some respect or else they do 
not measure the same abilities.

The tests were given on six; successive school days, beginning October 23,

to a group of about 60' eighth grade pupils in M anhattan, Kansas. The order 
followed was Cleveland tests, Monroe tests, and Woody scales.

The tests  were all given and the scores checked by the author. Care was 
exercised to see th a t conditions were as nearly identical in the different tests 
as it was possible to make them.

The results of the tests  are shown in Tables 1 to 6, and diagrams 1 to 6.

Table 1 shows a comparison of the standard scores and the class scores 
for the number of problems solved correctly and the per cent of accuracy in 
each of the Cleveland tests. The standards shown here are the averages of 
the Cleveland, Grand Rapids and St.. Louis median scores in the 8B sections. 
Table 2 gives the standard scores and class scores in a ttem pts and in per cent 
of accuracy for the Monroe tests. In both of these tables the tests  are arranged 
in such order as to bring together all the tes ts  in each of the four fundam ental 
operations. Tables 3, 4, 5 and 6 show the results of the Woody tests.

These results are shown in graphic form in diagrams 1, 2, 3 and 4. In 
these diagrams the horizontal lines represent the grades, the vertical lines the 
tests  and the figures a t the points of intersection the standard scores of 
the different grades in the indicated tests. The broken line represents the 
class scores as determined by this series of tests.

Comparison of Standard and Class Scores

Table 1—Cleveland Survey Tests

S tandard
Scores

Class
Scores

Table 2—Monroe Tests.

S tandard Class
Scores Scores

Test Rts. Ac. Rts. Ac. Test Ats. Ac. Ats. Ac.
A . . .29.8 99 24.5 99 1 12.7 100 12.5 100
E 7.8 94 5.2 93 7 . 5.4 79 4.9 81
J 5.6 78 3.7 70 5 6.1 66 5.4 62
M 5.3 76 4.6 87 2 8.9 100 7.9 100
B 25.2 99 18.2 95 9 8.5 97 8.1 100
F 10.2 90 7.1 83 3 , 6.2 84 5.6 86
C . 19.7 89 16.3 87 8 6.5 73 6.1 81
G . . . . 6.9 88 5.5 90 10 6.6 82 4.9 90
L . . 4.7 69 3.6 69 4 4.6 88 4.9 100
D 22.3 97 18.7 98 6 4.5 100 3.4 100
I 4.7 84 2.8 70 11 3.4 68 3.0 100
K 10.8 95 7.6 94 12 9.8 73 7.8 76
N 2.4 81 1.5 68 15 8.5 59 6.5 76
H 9.3 77 5.6 89 13 . 7.8 71 6.8 81
0 . 5.7 68 3.5 47 14

16
13.5
8.5

75
59

9.6
9.7

93
82
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Table 3—Woody Addition Scale

No. of No. G etting  % G etting
Problem  E aehProb . E achProb .

 1   58 98
 2 ----- '  59 100
 3  59 100
 4 ................................  59 100
 5   58 98
 6   58 98
 7 ................................  58 98
 8   58 98
 9   58 98

10  56 95
1 1 .   56 95
1 2   55 93
1 3   59 100
1 4   55 93
1 5    54 92
1 6   55 93
1 7    52 88
1 8   55 93
1 9   54 92
2 0 .................................  53 90
2  1 .................................  47 80
2 2 .................................... 41 70
2 3 ................................... 54 92
2 4 .................................. 49 84
2 5 .................................  53 90 ,
2 6 .................................. 47 80
2 7 .................................... 51 87
2 8 .................................. 53 90
2 9 .................................. 44 75
3 0 .................................. 43 73
3  1 ..................................  37 63
3 2   . 4 5  76
3 3 ..................................  36 61
3 4 ..................................  48 81
3 5 .................................. 36 61
3 6 ..................................  36 61
3 7 ..................................  30 51
3 8 ..................................  24 34

Table 4—Woody Subtraction Scale

No. of No. G e tting  %  G etting
Problem  E achP rob . E achProb .

 1 .................................. 58 98
 2 ................................... 59 100
 3 .................................. 58 98
 4 .................................. 59 ' 100
 5 .................................. 59 100
 6 ...................................59 10O
 7 ................................... 59 100
 8 .................................. 58 98
 9 ................................ 59 100

1 0 ................................... 59 100
1 1 .................................. 57 96
1 2 ................................ 59 100
1 3 .................................. 58 98
1 4 ................................  57 96
1 5 .................................. 55 93
1 6 ................................  57 96
1 7 ................................  53 90
1 8 ................................  54 92
1 9 ................................  50 85
2 0 ................................  53 90
2  1................................  44 75
2 2 ................................  54 92
2 3 ................................  49 84
2 4 .................................. 51 87
2 5 ................................. 43 73
2 6 ................................  45 76
2 7 .................................. 37 63
2 8 .......................... : . . 45 76
2 9 .................................. 51 87
3 0 ................................  45 76
3 1 ................................  39 66
3 2 ................................ 31 52
3 3 .................................. 42 '  71
3 4 ................................  36 61
3 5 ................................  40 68

I

S tan d ard  Score, 9.01; Class Score, 8.76 S tan d ard  Score, 7.64; Class Score, 7.99



Table 5—Woody Multiplication Scale

No. of No. Getting % Getting
Problem EachProb. EachProb.

 1 .............................. 58 98
 2 ...........  59 100
 3 ..............................59 100
 4 ..............................  59 100
5 . ...............................59 100
 6 ........................ ' . . 5 9  100
 7 ..............................  58 98
 8 .............................. 59 100
 9 ..............................  55 93

1 0 ..............................  56 95
1 1   58 98
1 2   58 98
1 3   51 86
1 4    58 98
1 5   56 95
1 6   44 75
1 7   53 90
1 8   54 92
1 9   55 93
2 0 ..............................  55 93
2 1 . . . .  . .........   56 95
2 2 .........    56 95
2 3   54 92
2 4 ..............................  53 90
2 5   48 81
2 6 .........   45 76
2 7   53 90
2 8 . .  . ........................  50 85
2 9 ..............................  54 52
3 0  51 87
3 1..............................  52 88
3 2    43 73
3 3    46 78
3 4 ..............................  42 71
3 5..............................  34 57
3 6 ..............................  34 57
3 7 ..............................  36 61
3 8 ..............................  25 42
3 9   27 46

Standard Score, 7.93; Class Score, 8.19

Table 6—Woody Division Scale

No. of No. Getting % Getting
Problem EachProb. EachProb.

 1 ..............................  55 96
 2 .................................57 100
3 . ...............................57 100
 4 ..............................57 100
 5 .............................. 57 100
 6 ..............................  57 100
 7 ................................ 57 100
 8 ................. / ........... 55 96
 9 ..............................  55 96

1 0  . . . 5 7  100
1 1  55 96
1 2   55 96
13. . .   51 89
1 4   57 96
1 5   52 91
1 6  51 89
1 7     52 91
1 8  41 68
1 9   51 89
2 0   48 84
2 1...........................   . 53 93
22.  ..........................  49 86
2 3 ..............................  36 63
2 4 ..............................  43 75
2 5 ..............................  42 74
2 6   44 77
2 7   49 86
2 8 ..............................  45 79
2 9 .....................   34 60
3 0 ..............................  36 63
3 1  39 68
3 2 ..............................  43 75
3 3 ..............................  36 63
3 4 ..............................  33 58
3 5 ..............................  22 39
3 6 ..............................  8 14

Standard Score, 7.16; Class Score, 7.15
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As a whole th e  group m ade th e  poorest show ing in the  C leveland te s ts  
and the  best in th e  W oody tes ts . This is undoubted ly  due in p a r t  to  the  fac t 
th a t  the  Cleveland te s ts  were given first. I t  also indicates th a t  th e  C leveland 
stan d ard s are h igher th an  e ith e r of th e  o thers. In  the  Cleveland te s ts  the  
scores are  a ll below s ta n d a rd ; only one of them  reached seventh , grade 
s tan d ard , five are betw een seven th  and six th , seven betw een six th  and fifth , 
and tw o below fifth  grade.

In  th e  M onroe te s ts  the  score in one te s t  is above stan d ard , those in six 
te s ts  are  betw een seventh  and eigh th  grade stan d ard s , and those in the  
th ree  rem ain ing  te s ts  are below six th  grade stan d ard s . On th e  W oody scale 
th ree  are above s tan d ard  and one betw een seven th  and e igh th  grades.

There is then , even in th is  general s ta tem en t, a serious discrepancy be
tw een  th e  re su lts  ob tained  from  the  W oody scales and those obtained  from  
the  o th er tw o tes ts . U sing th e  first nam ed the  teacher or supervisor would 
be led to  th e  conclusion th a t  these  pupils did no t need m uch m ore drill on 
th e  fundam en ta ls. U sing e ith e r of the  o thers he would come to  exac tly  th e  
opposite conclusion.

B u t leaving the  s tan d ard s  ou t of consideration  le t us see how th e  re su lts  
agree as to  th e  s tre n g th  or w eakness of the  group te s ted  in the  different 
operations. B oth  th e  Cleveland and th e  Monroe te s ts  show w eakness in 
add ition , th e  form er to  a g re a te r  e x ten t th a n  th e  la t te r ,  a lesser degree of 
w eakness in su b trac tio n  and m u ltip lication  and irreg u la rity  in division and in 
fractions. The W oody te s ts  agree w ith  th is  show ing in a general w ay, b u t 
th ey  p u t su b trac tio n  considerably above any  of the  o ther operations.

T urn ing  now to  a s tu d y  of the  p a rticu la r  ab ilities in the  various o pera
tio n s le t us see w h a t the  different te s ts  show. T est A, Cleveland, shows th e  
group to  be below six th  grade a tta in m e n t in knowledge of add ition  com bina
tions. The Monroe te s ts  do no t include problem s of th is  character, b u t the  
W oody add ition  scale has tw o problem s, Nos. 1 and 7. N either of these  shows 
any  w eakness here as bo th  were solved correctly  by  all b u t one m em ber of 
th e  group.

T est E, Cleveland, add ition  of 5 figure colum ns of single d ig its, indicates 
slig h tly  b e tte r  th a n  fo u rth  grade a tta in m en t, the  w eakest poin t in add ition . 
T est 1, Monroe, 3 figure colum ns of single d ig its, shows betw een seven th  and 
e igh th  grade a tta in m en t, the  h ighest po in t in addition . Of course these  te s ts  
are no t iden tical in ch aracter and these re su lts  seem to  indicate th a t  th ey  are 
no t even of the  sam e type. Problem  2, W oody addition  scale, a colum n of 
th ree  figures, w as solved correctly  by  every m em ber of th e  group, show ing 
no w eakness in th is  ch aracte r of work.

T est J , Cleveland, add ition  of long colum ns requ iring  th e  bridging of the  
m em ory span, shows a score below fifth  grade a tta in m en t, b u t slig h tly  b e tte r  
th a n  te s t  E. T est 7, Monroe, gives a score below seventh  grade s tan d ard , 
th e  w eakest po in t in addition. The W oody scale does no t give a problem  of 
th is  characte r.

T est M, Cleveland, colum n ad d ition  four num bers wide and five deep, 
gives a score equal to  seven th  grade s tan d ard , the  h ighest po in t in addition . 
T est 5, Monroe, of exac tly  the  sam e character, also gives a score equal to  
seven th  grade stan d ard . Problem  18, W oody addition  scale, w as solved 
co rrectly  by 93% of the  class, a show ing which agrees fa irly  well w ith  the  
o th er tw o resu lts .

T est B, Cleveland, su b trac tio n  com binations, shows a score a lit t le  below 
six th  grade. The M onroe te s ts  do no t include th is  type, b u t problem s 1 to  7 
and problem  10, W oody su b trac tio n  scale, show no w eakness a t  all, being 
solved correctly  by p ractica lly  every m em ber of th e  class.

T es t F, Cleveland, su b trac tio n  involving borrow ing, gives a score betw een 
fifth  and six th  grade s tan d ard s . T est 9, M onroe, gives a score betw een seventh  
and e igh th  grade stan d ard s . Problem s 16, 17, 18, 19 and 23, W oody sub-
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D IA G R A M  1

Median Scores in Rights, Cleveland Test

Ad. Sub. Mu/. D/v.
Grades

62

6 14.7 6 9.0 7. 6.6 5

6.6 6. 5 .5  Z

3 /133 <1/ /.iff Ac
T<zsfs A E J  M F C

D IA G R A M  2

Median Scores in Attempts, Monroe Test

Ad. Mu/ Fr.

.9  <9 5 616 d $.5 df

S 6 z.o

.9  3 6 3
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DIAGRAM 3

Class Scores, Woody Scales

Grades
64 93

S965 3/ 2 6

72 <3795 46

5399

9699

72

Mu I.T e s ts  Ad ;

DIAGRAM 4

Cleveland and Monroe Medians

A d Mu/.G r a d e s

Tes/s /65. 75J. 56/4 353 955 356 /06L 45/ 65/X //5AJ
- ----------------------- CLEVELAND

--------------- MON&OE
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DIAGRAM 5

Accuracy Graphs, Cleveland Test

Div.

SO

F
Standard  
C /ass S c o r

DIAGRAM 6
Accuracy Graphs, Monroe Test

| Sub .j Mut

----------------  Standar
--------------  C/ass
at



traction scale, were solved correctly by 96, 90, 92, 85 and 84 per cent, respec
tively, or an average of 89 per cent, which indicates a weakness comparable 
to th a t shown by the Monroe test.

Test C, Cleveland, m ultiplication combination, places the children in this 
group below sixth grade standard. The Monroe tests do not include this 
type, and the Woody m ultiplication scale problems 1 to 4 and 7 again fail 
to show any weakness.

Test G, Cleveland, m ultiplication of numbers of 4 digits by a single 
digit, rates the group a little  below sixth grade standard. Test 3, Monroe, 
the same kind of exercises, rates them a little  below seventh grade, while 
problems 8, 9, 10, 11, 12, 13 and 16, Woody m ultiplication scale, show scores 
of 100, 93, 95, 98, 86 and 75 per cents, respectively. Of these 13 and 16 
show decided weakness. These require m ultiplication by 8 and 9. Here again, 
then, the three tes ts  are in substantial agreement.

Test L, Cleveland, multiplication by numbers of two digits, gives the 
highest score made in the Cleveland m ultiplication tests, midway between 
sixth and seventh grades. Test 8, Monroe, places the score above seventh 
grade standard, and is also the best score made in multiplication. Problems 
15 and 26, Woody multiplication scale, give scores of 95 and 76 per cents, 
respectively, slightly better than  the scores for the preceding type. The three 
tests  here show substantial agreement.

Test D, Cleveland, division combinations, shows the class to be below 
* seventh grade standard, while problems 1 to 5, 7, 8, 9 and 12, Woody division 
scale, give scores indicating practically no weakness a t all.

Test I, Cleveland, short division, gives a score below sixth grade standard, 
while te s t 4, Monroe, gives a score above eighth grade standard. This is a 
discrepancy th a t is difficult to account for. I t  would seem to  indicate th a t 
the small am ount of practice the children received in short division in tak ing  
the Cleveland tests  made a decided difference in their ability  to perform th is 
process when they took the second test. Problem 4, Woody division scale, 
gives a score of 96 per cent. Exam ination of the papers, however, shows th a t 
most of the children used the process of long division, so th a t the result gives 
no inform ation concerning their ability in short division.

In tes t K, Cleveland, long division w ith small units digits in the divisor, 
the children scored a little  above sixth grade standard. In  te s t 6, Monroe, 
they scored a little  below sixth grade. In  problems 23 and 33, W oody-division 
scale, they scored 63% and 63% respectively, a close agreement throughout.

Test N, Cleveland, long division, where the units digit in the divisor is 
large, shows sixth grade standard. Test 11, Monroe, shows a score a little  
below seventh grade standard. Problem 16, Woody division scale, shows a 
score of 89%. Here again we have substantial agreement.

The tests  in fractions are not enough alike in type to make direct com
parisons of value. In  the main, however, all three of the tes ts  show the class 
to be weak in their knowledge of the operations w ith fractions.

There is lack of agreement then between the Woody scale and the other 
two on the combinations in all four fundam ental operations, column addition 
of three single digits, and short division, and substantial agreement in addi
tion involving carrying, subtraction involving borrowing, multiplication by 
one or more digits, long division, and fractions.

Diagrams 5 and 6 show a comparison of the accuracy scores as obtained 
in the Cleveland and the Monroe tests  in those types of problems th a t occur 
in both sets. Both of these graphs show a much closer approach to the
standards than  was found in either the rights for the Cleveland te s t or the
attem pts for the Monroe tests. They both indicate th a t the children do not 
vary from the standards so much in accuracy as they  do in speed. In the 
main the two tests show ra ther close agreement as to results, the excep-
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tions being in sho rt colum n add ition  involving carry ing , where the  Cleveland 
te s t  shows the  higher degree of accuracy, sh o rt division, where the  M onroe 
te s t  gives the  b e tte r  showing, and long division w ith  large u n its  d ig its  in the  
divisors, where the  M onroe te s t  again  gives th e  b e tte r  showing. The decided 
increase in accuracy in division shown by the  Monroe te s ts  over th e  C leveland 
te s ts  is probably  due to  the  fact th a t  by the  tim e th e  children came to  th e  
M onroe te s ts  in division th ey  had discovered th e  fac t th a t  the  division 
exam ples a ll come ou t w ith o u t a rem ainder. T his enabled them  to  detect 
e rrors and correct them .

# The W oody scales do no t give an y  adequate  m easure of accuracy.

This s tu d y  shows th en  th a t  there  is a su b s ta n tia l agreem ent betw een 
the  re su lts  ob tained  by using the  Cleveland te s ts  and those  ob tained  by  using  
the M onroe te s ts . The Monroe stan d ard s , however, seem to  be d is tin c tly  
lower th an  the  m edian scores obtained by the  use of the  C leveland te s ts  in 
Cleveland, G rand R apids and St. Louis. Considering th e  fac t th a t  th is  s tu d y  
was m ade in October while the  M onroe s tan d ard s  are m id-year re su lts  it 
would seem th a t  th ey  are  too low.

The W oody scale, on the  o th er hand, gives re su lts  th a t  differ m a te ria lly  
from  those obtained by the  use of th e  o ther tw o tes ts . As has a lread y  been 
noted  th is  scale places the  class above s ta n d ard  in ev ery th ing  b u t add ition  
and no t fa r  below s ta n d ard  even there , while bo th  th e  o thers show them  
to  be d istin c tly  below stan d ard  in a ll the  operations. T hen it  fa ils  a lto g e th e r 
to  show w eakness in th e  com binations and in the  sim ple problem s, a w eakness 
clearly  shown by bo th  of the  o th er te s ts . I t  fa ils also to  show differences 
in the  ab ilities in these  sim pler operations of the  different children in a 
class. T h a t m arked differences do ex ist w as c learly  show n by  th e  d is tr ib u 
tions cn the  score sheets for bo th  the  o th er te s ts . The reason for th is  fa ilu re  
is no t fa r to  seek. Even if a child does no t know  his com binations he can 
count up the  re su lts  in th e  sim pler problem s and  th u s  secure correct re su lts  
if he has p len ty  of tim e, and th e  W oody scales give p rac tica lly  un lim ited  
tim e, for m ost of the  children finish each of these scales in less th a n  the 
tw e n ty  m inu tes allowed.

The W oody scale would seem to  be deficient th en  in several w ay s: (1) 
a te s t  in fun d am en ta l operations should m easure bo th  speed and accuracy, 
as well as a knowledge of th e  process involved, (2) the  num ber of problem s 
of each ty p e  is too few to  give an  adequate  m easure of ab ility , (3) i t  fails 
to  show individual differences betw een pupils or even classes in a ll of the  
sim pler processes, (4) th ere  is a lack of definiteness in th e  re su lts  obtained 
for the  p a rticu la r  w eakness (for instairce, th e  re su lts  of th e  te s ts  in th is  
s tu d y  show th a t  the  class is below s ta n d ard  in add ition , b u t th ey  do no t te ll 
us, except in a very  indefinite w ay, how th ey  com pare w ith  o th er eigh th  
grade classes in colum n addition , in bridging th e  m em ory span, etc .), (5) its  
re su lts  are of l it t le  value in m easuring  individuals, while bo th  the  o ther 
te s ts  can be used to  g re a t advan tage  in th is  regard . On the  o ther hand the  
W oody te s t  has some good points. I t  covers a w ider field th a n  e ith e r of the 
o ther te s ts . W hile i t  fa ils on the  com binations and sim ple exercises, a t  lea st 
for upper grade work, i t  does show s tre n g th  or w eakness in th e  m ore im 
p o rtan t exercises, th e  ones th a t  are m ost needed. I t  is in fac t a te s t  of n e ith e r 
speed nor accuracy, b u t ra th e r  a te s t  of power. I t  can be used to  ad van tage  
to  determ ine which processes have been m astered  by a class and which ones 
are s till beyond them .

The Cleveland te s ts  could be considerably im proved by p u ttin g  th e  four 
fundam en ta l operations in frac tions in to  four d ifferent te s ts  in stead  of runn ing  
them  to g e th e r in th e  tw o tes ts , H  and 0 . The a rran g em en t in te s t  H  is p a r 
ticu larly  bad. In  a ll of the  te s ts  up to  th is  po in t the  pupils have had a single 
o peration  to  perform , so th a t  m any  of them  when th ey  come to  te s t  H  and 
s ta r t  in by adding the  first tw o fractions, go rig h t on and add a ll th e  o thers. 
So m arked is th is  tendency th a t  the  re su lts  obtained  from  th is  te s t  as it  
stands are p rac tica lly  w orth less.
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The Monroe tests  could be greatly  improved by printing the exercises 
in multiplication and long division so there would be more space for the work. 
As they are they make the work so crowded th a t the children are seriously 
hampered.

This studj^ shows, then, th a t tests  of the Cleveland Survey type are 
superior for the purpose of diagnosing strength or weakness in the opera
tions of arithm etic and th a t those of the Woody type are decidedly inferior 
in this regard. They have their principal value in determining w hat proc
esses have been mastered by any given class. Both types are valuable, but 
each should be used in the kind of diagnosis for which it is best fitted.


