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A COMPARISON OF TWO TYPES OF EIGHTH GRADE 

MATHEMATICAL TRAI ING 

CHAPTER I 

General Statement . 

For a number of years the writer has been 

an instructor of high school mathematics in one of the 

smaller high schools of this state . Her work , for the 

most of this time, has been confined to the teaching 

of ninth and tenth grade algebra o The school system 

of the county ie organized on the 6-3-3 plan, with the 

upper six grad ... s of the city us·ng the same school 

plant . In teaching algebra to the pupils of the ninth 

and tenth grades the writer has observed what she thought 

was a weaknP-ss on the part of the pupils in the funda

mentals of arithmetic . This weakness was particularly 

noticeable in the parts of algebra that ·nvolved the 

use of arithmetical fractions and .multiplication and 

division of decimals . In attempting to analyze the 

situation and to discover the causes of this apparent 

weakness it was learned that, for a number of years, 

the pupils com·ng up from the eighth grade arithmetic 

classes of this school had spent the latter pa.rt of the 
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eighth grade year in an introductory course in al 6ebra. 

Froru this situation arose the question as 

to whether or not this period of from six to eight 

weeks at the end of the eighth grade could be better 

used in an intensive review of the fundwnentals of 

arithmetic, giving special attention to the work with 

fractions and decimals. 

Statement of the Problem. 

The problem of this thesis is to determine, 

by meanA of a controlled experiment, which of the two 

types of eighth grade training, the study of introduc

tory algebra or an intensive rBview of the fundamentals 

of arithmetic, would result in greater achievement ·n 

algebra and a better knowledge of arithmetic as 

measured at the end of the ninth grade. 

Related Studies. 

A review of the available studies that have 

been made in the field of junior high school mathematics 

shows that while many of the experimenters e..re interest

ed in the effects of definite drills in the fundamenta s 

or arithmetic as measured a short time after the drills 

are completed, few, if any, have ch~cked the effects of 
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these drills after the passing of a period of t·me. 

Experimenters do not agree as to the exact amount of 

relationship existing between arithmetical abilities 

and achievement in algebra, though they indicate that 

such a relationship does exist, nor have they measured, 

statistically, the effects of different types of 

training in the eighth grade on achievemRnt in ninth 

grade algebra. 

The studies directly related to the problem 

of this thesis will be reviewed under the following 

headings; first, those studies measuring the effects 

of drills in the fundamentals of arithmetic; second, 

studies that measure the effects of formRr training on 

the achievement in al 6ebra; third, studies of errors 

in ninth grade algebra; and fourth, studies of the 

relationshi .p between arithmetical abilities and 

achievement in algebra. 

Numerous studies have been made of the 

effects of varying periods of drills in the fundamen

tal operations in arithmetic, but in nearly all cases 

these effects have been measured a short time after the 

drills have been completed. Coit (4)~ however, has 

*These numbers refer to the bibliography. 
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attempted to show the effects of 100 minutes of drill 

given over a period of t~n days and measured immediate

ly after the completion of the drills and again after 

a period of two months . His study was conducted 

during 1926-1927 in four different schools of Seattle, 

Washington. It consisted of testing two groups of 

pupils in each of four schools . After aQministering 

100 minutes of drill in the f~ndamentals of arithmetic 

to one of the groups during a period of ten days the 

first re-test was given both groups . Another re-test 

was given after two months, during which time thAre 

was no drill . He gives no indication of having equated 

the groups for his experiment . Coit shows only the 

comparisons of th~ average number of errors of the 

groups tha had thP. drill as against the group in the 

same school that did not have the drill He cone udes 

that , "Within the narrow li~its of this study the 

drill appears to be effective," and yet, his table 

contains this comparison of two classes in the same 

school: one class had the drills between the first and 

second test and showed a drop in the average number of 

errors from 64.5% on thA first test to 26 . 7% on the 

first re-test and 16 . 1% on the second re-test; the other 

class in the same school did not have the period of 
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drill between the first and second test and yet 0howed 

a drop in the average number of errors from 63.0o on 

the first test to 22.4% on the first re-test and 14.91a 

on the second re-test . 

Few studies have measured the effects of 

different types of training in the ei 6hth grade upon 

the achievement in formal algebra o Kohlbrenner and 

Walker (12) have attempted to find the effects of 

exploratory mathematics upon formal algebra. They used 

as the basis of their conclusions the grades in formal 

algebra over a period of seven years, comparin8 283 

city children with 81 rural children . The city pupils 

ha.d had exploratory mathematics and the rural pupils 

have "spent their time on about the same topics except 

they they did not go into the topicA so thoroughly and 

did not have signed numberso" There was no attgmpt to 

control the factor of intelligence of the two groups, 

except to mention the average intelligence quoti~nts 

of the groups for one year. When Ruch (18) submitted 

one question from one examination to 91 different 

teachers he found that it was graded in value all 

along a scale from 2 to 20 points. From this and 

numer ous other studies along the same line of teachers' 

marks we can see what an entirely unreliable measure 
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Kohlbrenner and Walker were using. 

Various analyses have been made of thA 

errors in ninth grade algebra and in general these 

point to a need of remedial work in arithmetic. In 

his master's thesis, Fossler (6) made a study of 2245 

errors made by 200 high school pupils who had just 

completed first year algebra. He found that 29.6% 

of the errors were due to exponPnts, 24.4% to signs, 

23.1% to operations of problems, 9.7% to coefficients, 

5.9% to miscellaneous causes, and 4.3% to letters. If 

by his term "operation of the problems," he means the 

uses of the fundamental operations i~ the solution of 

the problems, his results show a definite need of 

remedial work in arithmetic. 

Wattawa (20) has al8o made an analysis of 

errors in the ninth grade algebra. She listed 407 

errors made in one class in oral a.nd written work over 

a. period of three months. Her list of oral errors is 

v~ry incomplete as she did not interrupt the class 

recitation to write down th~ errors. She found that 

the errors that occurred most frequently were due to a 

lack of a thorough knowledge of the fundamentals of 

arithmetic and to faulty reading. Of the 407 errors 

she recorded, 144 or 18.7% were in signs, 44 or 10.8% 
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were copying errors, 42 or 10% were due to incorrP.ct 

choice of operations, and 38 or 9.3% were caused by 

ignorance of the terms. With the exception of one 

student in her best group every member of the class 

made mistakes in computations, but the pupils of the 

lowest group made this type of error more frequently 

than did the pupils of the other groups. Fractions 

gave difficulty, decimals to a lesser extent, due 

perhaps to the fact that the text contained a smaller 

number of decimal problems. 

Hoge (10) attempted to determine from his 

analysis of errors which were accidental and which 

recurringo His method was to give a. series of tests 

that he had made to one group of juniors beginning 

intermediate algebra and to two groups of sophomores 

beginning plane geometry. He found that the majority 

of errors in first year algebra were the result of 

definitely formed habits, not chance errorso The 

thesis includes a list of the most frequent errors in 

algebra and a list of the particular errors in arith

metic. The swnmary of this thesis as given in. the 

Yearbook of the Department of Superintendepce does 

not indicate what per cant of the errors were due to 

incoxrect arithmetical computations or whether the 



_g.;.. 

habits of error were of long standing. It is not 

possible that a diagnostic study and remedial work 

at the end of the eighth grade would have eliminated 

many of these bad habits? 

The fourth group of related studies deals 

with the relationship between arithmetical abilities 

and achieVPfiant in algebra. OrleanE (14) made a study 

of prognosis in high school algebra. He gave~ short 

test in the fundamentals of arithmetic to 646 pupils 

in a New York City high schoolo The test consisted of 

thirteen simple problems in multiplication, and 

division of whole numbers, addition, subtraction, 

multiplication, and division of fractions, division 

of decimals, addition and subtraction of denominate 

numbers, and reduction of fractions to equivalent 

fractions with differP.nt denominatorso He allowed 

five minutes for working the thirteen problems. 

"Disregarding the 56/o who did not answer the two 

questions in multiplication and division, is it not 

significant, 11 he asks, "that only 72. 5% were able to 

do the multiplication correctly e.nd 85% the division? 

Is it not significant also that only 71% of the 96% 

who attempted the third problem were able to do the 

division involving decimals?" Again, these results 
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show the need of remedial work somewhere alon~ the 
0 

line in the teaching of arithmetic. 

Cook and Fields (5) made a study of the 

relation of arithmetical ability to achievement in 

algebra and geometry. Their program of testing 

included an intelligence test and an arithmetical 

test at the beginning of the year to sAcure an index 

of the intellActua.l level and the arithmetical ability 

of the pupils. This was follo ·wed by an algebra or 

geometry test given at the beginning of the year and 

another form of the same test at the end of the firnt 

semester. Their conclusions are drawn from the data 

derived from thirteen algebra pupils and twenty-six 

geom~try pupils who took a.11 of the tests and about 

twice that number who took some of the tests. They 

conclude that there is a. significant relationship 

between arithmetical ability and achievement in algebra 

and a less significant relationship between intelli

gence and achievement in algebra. Intelligence is a 

factor .invol ved in achievement in arithmetic, algebra, 

and geometry. However, intelligenc~ does not 

correlate as highly witr achiev rr:8nt in alt'.:ebra and 

geometry as does ari.thmetical ability. The dat& 

sug~est that an intensive review of the entire field .... o 
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of arithmetic should precede tlie bP-ginning of a gebi-a, 

ttough they are too meager to warrant 

dation o 

ch , reco men-

Schreiber (18) concluded that err rs ·n 

arith et·c make up only a small part f the error· i 

problem solving and t hat , so far as error. are con

cerned , algebra and arithme ic have ·ttle in common0 

He conducted his exper·ment i the roviso Township 

High School at Maywood, Illinois , usin 0 160 pupils , 

63 or 3 % of whom were g·r1e and 97 or 69% were boys . 

Hi e method c onsisted of giving , during the last tw 

weeks of schoo l , standardized tests to the p pils of 

eight differ~nt first year algebra claeses o He was 

attempting to find the different factors that had 

contributed to the pupils' success in first year 

a lgebra, o During the course of h e study he analyzed 

the problems solved and fai ed . He found that 

fractions in algebra as well as in arithmetic are 

ever a stumbling block to youth . About one-half of 

his pupils , 48 7%, failed to get the corr .ct result 

from a s·mple prob em involving fractions, 

3 . Another problem involving fractions , 

was missed by only 24 . 2% of the pupils 

because it was made up entirely of fractions , but still 
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anot er problem, i< + 5) = 4 , was m'ssed by 55.6% 

of th~ pupile because it was made up f wlo e numbers 

and fractions . estates in the summary of his con-

clusions that the two most used arithmetical abilities, 

addition and multiplication, haver~ atively little t 

do with a pupil's success in algebra as measured by 

semester marks; especiaJlly is tbis true whe the 

intelligence factor is a constant . In general the 

pup ls who fail first year algebra are much belo the 

ste,ndard in arithmetical abilities and this, no doubt, 

has a. detrimental effect upon their attitud~ toward 

algebra and they make a.n inferior att~m.pt to ac quire 

it . 

Boyce (1) attacked the question of the 

relation of arithmetical abi li tie s to achievement in 

algebra by attempting to answer the question, "Do 

Algebra Students Need Remedial Arithmetic1" He used a 

class of thirty-one boys in the ninth grade of the 

Western Reserve Academy of Hudson, Ohio . The followi~g 

outline shows the tests that were administered to ~ he 

c l a ss . 

I At the beginning of the yAar 

1 . Terman Group Test of Mental Ability, 

Form B 
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2 . The Woody-McCa.11 Test in ixed Funda

meantals of Arithmetic, Form I 

3. Monroe Diagnostic Test in Arithmetic, 

Parts 2 and 3 

II At the end of three months' instruction in 

algebra 

1 . Hotz' First Year Algebra Scale, Equations 

and Formula, Series B 

2o Hotz• First Year Algebra Scale, Addition 

and Subtraction, Series B 

III At the end of six months' instruction in 

algebra 

l o Hotz• First Year Algebra Scale , Multipli

cation and Division, Series B 

2 . Hotz' First Year Algebra Scale , Problems , 

Series B 

At the beginning of the year the class showed 

a median I •• of 114 . 53% of them were above the norm 

for eighth grade as shown by the Woody-McCa.11 Arithmetic 

test and on the Monroe Test the percentage above the 

standard ranged from 26% to 40%. The students were 

taught by the method of individual progress, e~ch pro

ceeding with the next unit as soon as he sat·sfactorily 

complP-ted the one previous. At the end of three months 
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they ere ra1ked according to the number of units com

pleted o The coefficient of correlation of the Woody

McCall Arithmetic Test and the algebra units completed 

gave r = . 21, which Boyce concluded, showed practically 

no relation between class progress in algebra and 

arithmetic achievement at the beginning of the year . 

Boyce correlated the results of the Hotz• Scale g ·ve n 

at the end of three months with the Woody-McCall Test , 

getting r = . 30 . The coefficients of correlation of 

t he Hotz • Scale with the different parts of the tonroe 

Diagnostic Tests range from . 21 to . 27 . From this 

study , and with thie small number of boys , Boyce, after 

using the Rank Method of Correlation, drew the following 

conclusions: 

"l . Success in the initial sta ges of 

beginning algebra, as well as final 

achievement in algebra, is little 

dependent upon previous attainment 

in arithmetic . 

uz. No fundamental abilities in a.rithmetic 

seems more important than others in 

solving equations in algebra . 

"3 . There is . . ittle relation between 

achievement in the fundamental skills 
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of algAbra. and a,rithmetic, sue as 

between algebraic addition and sub

traction nd arithmetic addition and 

subtraction, or algebraic multiplica

tion and division and arithmetic 

multiplication and division. 1 

Tle writer questions these cone usions for the follo -

ing reasons: first, Boyce uses too mall a population 

for statistically satisfactory results; s cond, e 

given no statement as to what he considers 11satis

factory completion of any one unit of algebra," and 

upon this uncertainty he bases his conclusions that 

there is no relation between class progress and 

arithmetical achievement at the beginning of the year, 

and third, he used no control group to show how much 

greater or less the progress in algebra might have 

been had the pupils had remedial work in arithmetic 

before beginning algebra# 
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HAP ER II 

LL ~ OF H"'""' EXP · Rr" T 

Plan of the Experiment. 

The work of this experiment a ed through 

two full chool years . The pupils of the dif erent 

sections of the eighth 6rade who began the stud y of 

eighth grade arithm~tic in SeptembP.r,19 O, and 

ebruary 1931, and who are used a~ the subjActs of 

this experiment will hereafter be called the non-drill 

group ~ They followed the usual procedure of the 

eighth grade , devoting the last eight eeks prior to 

the final review and semester examinations to an 

introductory course in a gebra . The pupils who began 

thP- study of eighth grade arithmetic in Sept ember 193 , 

and who are used as the subjects of this experiment 

will be called the arithmetic drill group or the 

drill group . They spent the last eight weeks of the 

eighth grade in an intensive revie~ of the fundamentals 

of arithmetic . Both group had the same instructor in 

the eighth grade . They used the same text book and the 

same supplementary materials, studying th~ same topics 

up to the last eight weeks . 

Upon entering the ninth grade all groups were 
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given an intelligence test and a survey test in arith

metic. During the ninth grade the groups were taught 

by the same instructor, using the same text book and 

the same supplementary materials. The assignments 

were kept a,s nearly the same as would be done with 

classes taught in different years. At the end of the 

ninth grade another form of the survey test was given, 

together with a battery of diagnostic tests in arith

metic and a standardized test in algebra. 

he Tests Used . 

The tests used in the course of this experi

ment are listed below in outline form, in the order in 

which they were given . 

I The preliminary testing 

1. Terman Group est of Mental Ability for 

grades 7 - 12, Form A 

2 . The Compass Survey Test in Arithmetic, 

Advanced Examination, Grades 4 - 8, Form A 

II The final testing 

1 . The Compass Survey Test in Arithmetic, 

Advanced Examinat·on, Grades 4 - 8, Form B 

2. The Compass Diagnostic Tests in Arith

metic, Forms A 
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a. Test V, Addition of ractions and 

Mixed Numbers 

b. Test VI, Subtraction of Fractions 

and Mixed Numbers 

c ~ Test II, Multiplication of Fractions 

and Mixed Numbers 

d. Test VIII, Division of Fractions and 

Mixed Numbers 

f. Test X, Division of Decimals 

3. The Columbia Research Bureau Algebra 

Test, Test 2, Form B. 



-18-

CHAPTER III 

THE EXPERIME'~T 

The Subj~cts Chosen. 

The subjects chosen for this experiment, 

eighth grade arithmetic and ninth g ade algebra, were 

selected in response to a felt need . For some years 

the teachers of ninth and tenth gra.de algebra had felt 

that the students coming to them from the s~ven hand 

eighth grade classes were weak in their arithmetic . 

This weakness seemed particularly apparent when portions 

of algebra were studied that were closely related to 

or involved operations with fractions and decimals. 

Outline of the Groups . 

The two groups of this experiment could not 

be taught simultaneously . The study was conducted in 

one of the smaller high schoolR of the state and, in 

order to secure enough subjecta to make the conclusions 

statistically satisfactory, successive sections had to 

be use d~ The plan of the experiment was outlined in 

the summer after one gr oup had completed thei eighth 

grade year . TPe two groups entered the work of the 

ninth grade in successive years, one group beginning 
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algebra at the same time the other gr up bega.n eighth 

grade arithmetic. 

All pupils entering ninth grade algebra in 

September,1931, and February,1932, who had studi~d 

arithmetic in this school the previous term, were 

tentatively selected as the non-drill group. They had 

spent thP, last eight weeks of the eighth grade term in 

introductory algebra, instead of reviewing arithmetic. 

The results of this thesis are based upon the data 

collected from those of this group who complet~d the 

full term of algebra. The mid-term failures and the 

ever changing tourist population reduced the number in 

this group to sixty-four. This group, or a portion of 

it, will hereafter be called the non-drill group. 

The second group was selected in the.same 

ma.nnere All pupils who entered ninth grade algebra in 

SeptAmbP,r,1932, from the section of the eighth grad~ 

arithmetic in this school were tentatively selected as 

the arithmetic drill group. ThA results of this theei 

are based upon the data collected from the forty-three 

of these who completed the ninth grade a.lgebra.. There 

were seventy-five pupils who did the special review 

work in the eighth grade, but the red ·1ction tn number 

to forty-three was from the following causes. 
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First, the school whexe this study was 

conducted is situated in a section of the state that 

is popular with the tourist visitors, with free school 

facilities for all who care to enroll their children . 

This caused a number of the pupils, after completing 

the eighth grade, to be eliminated from this experiment, 

because they did not enroll at the beginning of the 

ninth grade year o 

Second, this school system offers summer 

school to those who desire to make up work failed or 

to gain advanced standing . Several pupils were advanced 

a half-year in algebra and were thus eliminated from 

this study o 

Third , the mid-term failures in algebra 

caused a number of pupils to be eliminated from the 

arithmetic drill group~ After this sifting out and 

elimination, the group consisted of forty-three pupils. 

These forty-three who did the intensive drill or review 

in th~ fundamentals of arithmetic in the eighth grade 

will be called the arithmetic drill group or the drill 

group in t he remainder of this paper 0 

Table I giv~s the comparison of these two 

groups in terms of their intelligence quotients . It 

will be seen from a, study of this table that the range 
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of the groups is essentially the same, being from 77 to 

136 for the non-drill group and from 77 to 138 for the 

arithmetic dri l group. The upper quartiles and the 

medians are about the same, but the lower quartiles, 

the averages, and the standard deviations all differ. 

TABLE I 

COMPARISONS OF SOME STATISTICAL MEASURES OF THE GROUPS 
{Based on Intelligence Quotients) 

66 

umber 

Range 

Upper Quartile (with PoE) 

Median (with P.E.) 

Lower Quartile (with PaE. 

Mean (with P.E.) 

Non-Drill Group 

64 

77 - 136 

115.00±3.75 

106.00:t3.44 

96.00±:3.75 

10 5. 5 6:t 2 • 7 5 

Standard De,riation with S.D.) 26.68:!::2.88 

Drill Group 

43 

77 - 138 

114. 25±2. 48 

107. 40:t 2. 28 

99.75:t2.48 

107.49::tlw82 

17.67:tl.91 

In order to balance the two groups more 

equally forty-three pupils of the non-drill group were 

selected who paired with the forty-three of the drill 

group. In the case of two students of the non-drill 
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roup hav n · the same I . Q. as one of the drill group 

a selecti .n lfas made on a. purely chance basiA . The 

pupil whose surname came firet alphabetically as 

chosen o There was ne exception to this rule . One 

pupil was ill at the time the diagnostic tests were 

given, and the score she made on the test VIII, which 

was given the day following her absence , was so far 

be ow t -he others of the group as to make the picture 

of that test entirely out of line with the true picture ~ 

The scores made by another pupil with the same I e • 

were substituted for hers . 

This method of equating the groups in terms 

of their I . Q. is being questioned by the psychologists 

at th e present time . There is considerable question of 

the e ative abi ·ty of t vo piip'l s of the same I . • 

who differ materially in chronological age . Table II 

shows the comparison of the chronological ages of the 

selecte forty-three pupils of the ~on-drill group with 

the fort -three of the arithmetic drill group . This 

table gives the ifferences in these ages in months . 

An examination of this table shows that the differences 

in chronological ages is , ir; most cases , very sight . 

The total difference favors the non-drill group by 

only eleven months , w·th a mean difference of ~25 
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TABLE II. THE CHRONOLOGICAL AGES OF THE PUPILS 
IN THE TWO GROUPS. 

on-Drill Group Arithmetic Drill Group Difference 
Pupil Ch. Age Puoil Ch. Age In Months 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 -
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

16-0 
16-0 
15-11 
14-10 
14-3 
14-3 
15-11 
14-3 
14-8 
13-10 
14-2 
14-4 
13-1 
15-3 
14-2 
14-3 
13-11 
14-0 
13-11 
14-5 
14-4 
13-6 
14-0 
14-9 
14-
13-8 
13-4 
15-11 
14-8 
15-3 
13-2 
14-4 
14-3 
13-8 
14-1 
13-9 
14-6 
14-5 
13-5 
13-11 
13-4 
13-4 
12-10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

18-3 
17-3 
15-4 
15-10 
13-10 
12-4 
15-0 
14-0 
14-9 
13-11 
14-4 
14-5 
15-1 
14-4 
15-0 
14-6 
14-4 
14-5 
13-6 
14-6 
14-8 
13-10 
15-0 
13-7 
13-10 
13-9 
13-10 
14-2 
14-1 
14-4 
14-7 
14-3 
13-5 
13-11 
13-9 
13-9 
14-4 
14-2 
13-3 
13-3 
12-9 
13-3 
12-9 

* 
27 
15 

- 7 
12 

- 5 
-25 
-11 
- 3 

1 
1 
2 
2 

24 
-11 

10 
3 
5 
5 

- 5 
1 
4 
4 

12 
-14 
- 5 

1 
6 

-21 
- 7 
- 9 

17 
- 1 
-10 

3 
- 4 

0 
- 6 
- 3 
- 2 
- 8 
-" 7 
- 1 
- 1 

Total -11 
*The positive sign means the pupil of the arithmetic 

drill group is the older, the negative sign means 
the pupil of the non-drill group is the older. 
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months , or about seven days . 

There is some question as to the relative 

arithmetical ability of the groups . Unfortunately, 

the method of conducting the experiment of this thesis 

made it impossible to secure a measure of the 

arithmetical ability of the pupils before the diffe re nt 

types of eighth gr~ ,de trRJning had been given . 

The comparison of the arithmetical ability 

of the groups a.s measured at the beginning of the 

ninth grade by thA survey test in arithmetic is given 

in Table I II . This table compares the upper quartiles , 

the medians , the lower quartiles , and the means of the 

groups e It gives the differences of these measures , 

the ratio of the differences to the probable error of 

the differences , and the chances per hundred that these 

differences will have any significance . It also shows 

the coefficient of correlation of the survey test with 

the i_telligence quotients .. As examination of the 

table shows that whj_le the coefficients of correlation 

are not high , yet the actual differences between the 

two groups is small . The difference between the upper 

quartiles is 3 . 34 ~2 . 31 , with 84 chances per hundred 

to be significant . The difference between the media.ns 

is 2075±2 . 12, with 81 chances per hundred for significance , 
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he difference between the lower quartiles is .74 =2.3 ~ 

with n y 69 chances per hundred to be significant . 

The difference between the means is 2 . 79 ±1 . 70, with 

86 chances per hundred for significance . 

TABLE III 

COMPARISON OF THE ARITHMETICAL ABILITY OF THE GROUPS 
( easured by surv ey that upon entering ninth grade) 

(All measures giv en with their probable errors) 

The Groups Ratio 
Diff. 

Non-Dri l l Dri l l *Difference P.E . Chances 
Diff.Per 100 

Q3 44 . 07±1 . 52 47 . 41±1 .,74 3. 34 ± 2 . 31 1 . 45 84 

Median 39 . 50±1 . 39 42 . 2 :tl . 60 2 . 75.!2 . 12 1 . 29 8 

Ql 34 . 64 ! 0 51 36 . 38 :t . 74 l . 74:t2 . 31 . 75 69 

Mea 39 . 9 .tl . 12 41 . 98 :!:l . 28 2 . 79 :rL , 70 • 62 86 

r** - . 19 .56 

• Al differences fa.:vor the ar · th1 etic dri 1 group . 
** Correlation of the intelligence uotients with the 

first survey test in arithmetic . 

Description of the Eighth Grade ~ork . 

The two parts of the n-dri 1 group began 

their study of eibhth grade arithmetic in ~0 ptember ., 

1930 , and Februar~ 931 . They fol owed the usual pro-
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cedure ·n tte study of eighth gra e arithmetic , using 

Hart ' s u_T_-c_n_i_o_r_ H_.1. i __ g .... ·h_S_c_h_o_o_l _ _ a_t_h_e_m_a_t_i_c_s___._, _B_o_o _ _ I_I • ( 8) 

In connection with this text these clas~es used the 

Dia.gnostic Tests and Practice Exercises in Arithmetic 

for Eighth Grae, by Brueckner, ~nderson, Banting , 

and Merton (2) . They were also given , from time to 

time , the Curriculum Tests in .rithmetic Pr 

for Grade Eight , by Leo Brueckner (3) , to check their 

progress in the work of that grade o These sections 

completed the work in their text book together with a 

number of supplementary problems . This text , the state 

adopted text at the time this experiment was conducted, 

contains a section devoted to introductory algebra . 

This section deals with the use of "X" as an unknown 

number , the study of formulae , addition , subtraction , 

multiplication , and divieion of monomials, and addition 

and subtraction of polynomials . The group that is 

called the non-drill group in this thesis devoted 

about eight weeks prior to the general review and 

semester examina.tions to the study of this section . 

The group that is called the arithmetic 

drill group in. this study , beginning eighth grade 

arithmetic Septembe ~ 1931 , did essentially the same 

wor:k as the non-drill group , using the same teYt book, 
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the same supplementary materials , etc . , except that 

:i.nstead of studying introductory algebra. they spent 

that time, about eight weeks , reviewil1.~ the fundamentals 

of arithmetic. 

The writer , with the assistance of the 

teachers of seventh and eighth grade arithmetic, 

listed the topics studied during those two years under 

three headings: the most essential topics, the less 

essential topics, and the least essential top·cs . The 

eight weeks of review time was spent in a study of these 

most essential topics which were listed as follows: 

l d Fundamental operations with integers, 

2 . Fundamental operations with fractions, 

3 . Fundamenta operations with decimals , 

4 . Percentage , 

5 . Interest . 

The classes were told something of the 

experiment that was being conducted and were urged to 

become very proficient in arithmetic . They were 

encourag~d to be the very best class in eighth grade 

arithmetic that had ever finished in this school . 

During the first few days of the review work each child 

was asked to explain his own method of rapid computation. 

The classes dis cussed the good and bad points in the 
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pr evaili ng methods . Then the best methods of rapid 

computation were explained . As each topic was taken up , 

a short , timed test was 6 iven and the results checked . 

Each child wa shown his score, and was helped to 

c orrect his errors . Additional work was assigned in 

that topic to all pupils and particula ,r attention and 

help was given to those who were weak . The spirit 

of the c lasses was fine, the slower ones asking for 

help to overcome their difficulties . 

Between eighteen and twenty different tests 

wer e used in the course of this review work o The first 

six tests of th e Hart Diagnostic Tests and Remedial 

Dri lls in First Course Algebra (9) checked the work in 

addition, subtraction, multiplication, and division of 

whole numbers and fractions, and multiplication of 

decima l o Other drills, made by the teachers of 

algehra and arithmetic, checked the work in division of 

decimalE and percentage o Tests five through ten of the 

Brueckner Curriculum Tests in Arithmetic Processes for 

Grade Eight (3) checked inter9st and ~ave a general 

check of all t.t1e work . After the topics ha d been 

studied in this manner and after remedial work had 

been given in all topics some of the tests were re-
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peated for a second ch~ck. 

Descripvio of the Ninth Grade Work. 

In all sections of th~ ninth grade, used in 

this experiment , the work was kept as nearly uniform 

as was pos ible . The same topics were st udied in all 

groups , a.nd an attempt was made, in the case of 

special drills, to have thA neme work done in all 

groups . In this way the first portion of the ninth 

grade work was, to a certain extent , a repitition for 

the non-drill group . The same topics that had been 

t~died in the eighth grade, the formulae, addition, 

subtraction , multiplication, and division of monomials, 

and addition and subtraction of polynomials were 

studied again , with many more problems and more d.fficult 

combinations than had been given int.he eighth grade . 

The same text book was used in all sections 

of the ninth grade , the Wells and Hart Modern First 

Year Algebra , Revised (19) . The same supplementary 

materials were used; all sections used the Hart Diagnos

tic Tests and Remedial Drills in First Course Algebra 

for frequent testing of progress and remedial work . 

The sections in the ninth grade algebra 

during the two years of this study were not limited to 

the pupils of this ~xperiment, as there were in all 
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sections somA who were repeating th~ subject as well 

as a number of tourists and others who for various 

reasons w~re not a part of this study. 

A disturbing element entered into the work 

of the arithmetic drill group, during the last of thP-ir 

ninth gradP, term, which was beyond the control of the 

experimAnter. Schools all over the state were closing 

early, and there was much talk of the lack of funds 

and of the possibility of closing schoo at the end of 

seven months. For a period of about four weeks the 

authorities were uncertain whether schools would close 

at the end of seven or eight months or run to the end 

of the nine months' termo This uncertainty, leading 

thP. pupils to feel that schools might close and their 

credits might be granted for the shorter term, caused 

them practically to stop work for a period of four weeks, 

until the continuation of school for the eighth month 

was assured. The final results of this thesis, in 

both algebra and arithmetic, may be materially affected 

by this disturb'ng element, and also by the fact that 

the arithmetic drill group had only eight months' 

instruction in ninth grade formal algebra as compared 

with th / nin, months' instruction in ninth grade 

formal algebra received by the non-drill group 0 
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The Tests Given . 

Durir.g the first week o~ thei£ ninth grade 

work all of the pupils of this experiment were given 

the Terman Group Test of Mental Ability , and the 

Compass Survey Test in Arithmetic, dvanced Examination, 

Form A. This first test was for the purpose of 

equalizing the groups that were to be compared . The 

second was to rate their skill and abi ity in the 

fundamentals. of arithmetic and to checlc their differences 

in arithmetical ability o 

At the end of the term, durin 5 the two weeks 

prior to the semester examinations, the pupils were 

given a battery of tests to check their knowledge of 

arithmetic and achievement in alg,ebra, first, the Form 

B of the Survey test in Arjthmetic, then the Compass 

Diagnostic Tests in Arithmetic, V to X inclusive, and 

last , the Columbia Researct Bureau ~lgebra Test. These 

tests were divided and given during a portion of the 

c ass period each day so that the general review work 

of thP class could be carried on as well ., The non-drill 

group had completed the required work for the semester 

before this period of testing was begun, and the extra 

class time was devoted to an intensive drill in algebra . 

The arithmetic drill group , on the other hand, being 
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cut one month short in the semester, did not complete 

the required work until one week after the testing 

program had begun, and they had little time for a 

general review of algebra. The work planned for the 

last six weaks of the term wa8, for this group,crowded 

into the ei 6hth month of the termc 

A factor which keeps the scores made in the 

algebra test by the pupils of this study from being 

comparable to the scores made by pupils in other schools 

was the way in which it was administered. In the 

section of the state were this experiment was conducted 

there are, at some periods of the yea.r, very heavy rains, 

and if it is raining j~s prior to the noon recess and 

the prospects are that the rain will continue throughout 

the day, a one-session schedule is put into effect with 

the periods cut to about forty-five minutes and the 

noon hour eliminated. This "rainy day schedule" was 

put into effect on the day the Columbia Research Bureau 

Algebra Test was to be given to the September classes 

of the non-drill group. The examination schedule, after 

having been posted, was changed to permit a holiday on 

Decoration Day. This change in schedule was made so 

late that it was impossible to change the plans for 

giving the algebra test, and for these reasons the 
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time allowed on Part I of the test was only thirty 

minutes. The next day a period of forty minutes wa~ 

devoted to Part II of th~ test. The manual of instruc

tions for thiF. test calls for a · working time of 100 

minutes to be spent on both parts of the tsst. At the 

end of thirty minutes the pupils are to be told to 

go on to Part II, if th~y have not already done so. 

After they have worked on Part II they may continue 

their work on Part I if they eo desire. Since the 

pupils of this study were given the two parts of this 

test on different days they were not allowed to work 

on Part I during the second day. Thts test was 

administered to all sections of both groups in the 

same manner, thirty minutes one day on Part I, and 

forty minutes thP second day on Part II. In this way 

the scores of this test, whj1e being comparable one 

group with the other, are not comparable with the scores 

, made by other pupils in other schools. 
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CHAPTER IV 

RESULTS OF THE EXPERIMENT 

The statistical analysis of the data 

collected in the course of this experiment is present

ed in the following tables. The data from which this 

analysis is made are presented in full in the Appendix 

tables. 

Table IV shows the percentiles, the range, 

the means, and the standard deviations of each of the 

survey tests and of the algebra test as given both 

groups and the high eighth grade standard for the 

survey test. 

Table V shows the percentiles, thP- range, 

the means, and the standard deviations of each of the 

diagnostic tests in arithmetic as given both groups 

and the high eighth grade standard for these testso 

Table VI compares the improvement in 

arithmetical ability made by the two groups during the 

year of algebra. The differences between certain 

statist ·tcal measures of the two survey tests are given 

with the ratio of th~ differences to the probable error 

of the differencAs, and tb8 chanc~s per hundred that 

the differenc~s are si~nificant • ...; 
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able I shows the comparison of t~e 

va,riability of th_, two groups in all tests. 

Table VIII giveo the means and medians of 

all t ests , , with the differences bet ween the two 

group in these measures, the ratio of the differences 

to the probable error of the differences, and the 

chances per hundred that the differen ces wi l l have 

any significance . 

Table IX gives the upper and lower quartiles 

✓ of all tests, with the differences between the two 

groups in these measures, the ratio of the differences 

to the probable error of the differences, and the 

chances per hundred that the differences will have 

any significance . 

Table X shows a comparison between the 

groups of aomA of thP meaAures of the composite scores. 

These composite scores being mad~ from the diagnostic 

tests in arithmetic V through X. 

Table XI shows a comparison between the 

groups of some of the measures of the composite scores. 

These c omposite scores being made from the diagnostic 

tests in arithmetic VII through x. 



TABLE IVo SOME STATISTICAL MEASURES OF THE SURVEY TESTS IN ARITHMETIC AND THE 
ALGEBRA TEST, WITH THE HIGH-EIGHTH GRADE STANDARD FOR THE SURVEY TEST. 

First Survey Test Second Survey Test Algebra Test 
Groups Groups Groups 

Non-Drill Drill Non-Drill Drill Non-Drill Drill 

90 %-ile 45.98 49.66 47.48 51.99 22.97 21.,48 

75 %-ile 44.07 47.41 45.16 50.31 18050 16.16 

50 1,-ile 39.50 42025 42.63 44.83 13.,38 11.00 

25 fo-ile 34.64 36.38 39.38 40.58 10069 8.25 I 
c,.:J 

10 fo-ile 32.66 34.38 35.55 34.88 
CJ:) 

9.16 5.66 I 

Range 24-49 26-55 26-51 30-56 4-29 2.,27 

Mean (with P.E.) 
39.19 t lol2 41.98 i l.28 41.93 ! 81 44.97 ±1.19 13.40t.95 12.49±1.2 

ScD. (with S.D.) 
10.81 ± 1.17 12.43 ! 1.38 7.82 ! 84 11.56±..l.25 9.19±.99 12.33±1.33 

High Eighth Crade 
Standard 52 52 
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In th~ comparison of the arithn1etical ~bility 

of thA two groups at the be~inning and at the end of 

the ninth grade, as seen in Table IV, we find that 

the differ~nces all favor the arithmetic drill group 

with the exception of the lOfo-ile of the second 

survey test. Both groups, however, fall below the 

high eighth grade standar·d in both forms of the 

test. 

Th~ differences in all the measures of the 

algebra tests favor the non-drill group. 



TABLE V. SOME STATISTICAL MEASURES OF THE DIAGNOSTIC TESTS, 
WITH THE HIGH EIGHTH GRADE STANDARD. 

90 %-ile 
75 %.,-ile 
50 3/q-ile 
25 %-ile 
10 ifo-ile 

Test ,r 
Groups 

Non-Drill 
219c 99 
216.93 
207.81 
201.09 
176.65 

Range 145-223 

Drill 
216.22 
211 . 81 
205.31 
196.,87 
181 . 65 

1 70-:-223 

Test VI 
Groups 

Non-Drill 
184.98 
181.62 
175.83 
170.87 
155.83 

100 -:198 

Drill 
184.99 
182.17 
177.83 
169.69 
158.33 

120-:-189 

Test VII 
Groups 

Non-Drill 
157.1 
153.44 
147.50 
139.69 
128.33 

85-:-160 

Drill 
157.13 
154.17 
147066 
142.25 
138.16 

134-:-159 
Mean (with P.E.) 

204a 59±5. 29 
s.n. (with s.n.) 

51.40!5.54 

202.73 ± 2.23 172.04~2.72 173.78±2.62 144.59±2.83 147.84~155 

21. 67.t2. 33 
High Eighth 

Standard 164 
Test VIII 

90 fq-ile 
75 3/q-ile 
50 %-ile 
25 %-ile 
10 ifo-ile 

183.99 
181.50 
177.00 
172.70 
162.66 

184.00 
182.26 
179.35 
172.38 
165.99 

Range 152-184 150-184 
Mean (with P. E. ) 

175.42±1.37 176.75 ~2.41 
s.n. (with s.n.) 

13. 35!.l o 44 23. 47± 2. 53 
High Eighth 

Sta.ndard 152 

26.48!:2.85 

153 
Test IX 

183.98 
178.,60 
169.43 
154.75 
141. 77 

116-192 

25.451--2.74 

187.17 
181.80 
175.50 
165.75 
153.32 

132-189 

165.,07~2.64 171.77±2.38 

25.7822078 23.15±2.50 

155 

27.53:!2.97 

125 
Test X 

118.28 
109038 

94.67 
84.46 
75055 

15. 06~1.62 

127.46 
115.25 

98.50 
86.88 
66.65 

35-139 50.134 

96. 69±4. 20 98. 55!3 ,. 85 

27.51~2.97 37.4~403 

72 

I 
(N 
CX) 

I 
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Table compares the percentileR, the range, 

the means,and the tandard deviations of the two '6roups, 

a,s measur~d by the diagnostic test s in arithm .ti • 

This table shows that the non-drill groups ·s higher in 

all parts of the diagno tic test V, which measures the 

abilit y to ad fractions and mixed numbers, except the 

lOfo-ile . The arith1 etic dri 1 0 roup rank8 higher i 

all partR of all of the other te ts except the 25%-ile 

of test VIII and the 10%-ile of the test X. 

All of the measures of both groups ~hown i 

tt_is table rank higher than the high eighth grade 

standard made by the authors of these tests, except 

the l Ofo-ile and the 251a-ile of the non-drill group and 

the 0'%-ile f th~ drill group in test I and the 

10%-ile of the drill Group :n test • 



TABLE VI~MEASURES FROM AND DIFFERENCES BETWEEN THE FIRST AND SECOND SURVEY TESTS 
{All measures given with their probable errors . ) 

The Non- Drill - Grou~ 
Ratio of Chances per 

First Survey Second Survey *Difference Diff.to PoE. 100 
Diff . 

Q3 44.07 ±1 . 52 45 . 16 -tl _. 10 · 1. 09rl. 62 .67 67 

Mdn. 39.50!l o39 42 . 63.!°1 901 3 . 13:t:l . 55 2 . 02 91 

~ 34. 64!.l . 51 39 . 38 ±1. 10 4. 76!:l.62 2 . 95 97 

Mean 39 . 19:tl . 12 41 . 93 .:t • 81 2 . 74 ±1 . 39 1 . 98 91 I 
.p. 
0 
I 

The Arithmetic Drill Grou1t .. _ _ 
Ratio Chances per 

First Survey Second Survey *Difference Diff.of P.E. 100 
Diff. 

Q3 47 . 41± 1 . 74 50 .13 :t 1 111 62 2 . 90±1 . 83 1 . 58 86 

Mdn. 42 . 25-tl. 60 44.83 ~1.49 2 . 58z l. 76 1 . 47 84 

Q"l 36 . 38±1.74 40 . 58-!"l.62 4. 20~1.83 2 . 29 93 

Mean 41.9~1.28 44.97 ± 1~,19 2 099 .!"l.57 1 . 90 90 

*The differences all favor the second survey test. 
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s· ce oth ro ps sh wan i prove. ent ·n the 

scores of the econd form f t _e surve 1 test i_ ~rith

metic the q estion may be asked , "Do the differences 

in the scores made by the arithmetic drill group have 

more or l ess chance to be significant than those of 

the non-drill group·," 

Table VI shows the analysis of the improve

ment of ~A.Cb group as mea.sured. by the second survey 

test ., The formulae used in bta:i.ni.ng the pr bable 

e1·.cors of the eane and the medians are found n page 

41 of Garrett (7) . Reitz , (15) on page 32 , gives the 

formula for calculating the probable error of the 

quart i l?. as . Eo . =. 9191 S. D. Holzinger (11) 
quart1 e VIrumber 

i s t he authority for computing the probab e error of 

the differences of these measures , including the 

qu artiles o On page 240 he states that if A and B 

arP any two i ndependent measures the formula for the 

probable error of their diff erence becomes 

P . E. (A _ B)= V'<P. E, A)2 + (P , E,B )?, . To find the chances 

of a tru~ di f ference grAater than zAro , given the 

actual difference between two measures and the probable 

error of the difference , the table on page 135 of 

Garrett (7 ) was used ~ These for~ula~ will bo u ed 
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throughout the remainder of this treatise . 

From the analys·s of the improvement in 

arithmetical abilities made b the two gr ps , found 

in Table VI it appears that the improvement made by 

the non-drill group has more chances to b9 significant 

than that made by the arithmetic drill gro~p , except 

in the case of the upper quartiles of the two groups. 

The difference in the upper quartile of the arithrnetic 

drill group is 2 . 90±1 . 83 , with 86 chances per hundred 

to be significant , while that of the upper quartile 

of the non-drill group is l . 09 ~L. 62 , with 67 chances 

per hundred for significance . 

Had these survey tests in arithmetic been 

given before the groups had recieved the different 

instruction in the 8ighth grade the irr.provement made 

by the drill group would probably have been greater 

than that made by the non-drill group . 



TABLE VII. COMPARISON OF THE VARIABILITY OF THE GROUPS IN ALL TESTS 

Tests Groups 

First Survey Non-Drill 
Drill 

Second Survey Non-Drill 
Drill 

Diagnostic Tests 
V Non-Drill 

Drill 
VI Non-Drill 

Drill 
VII Non-Drill 

Drill 
VIII Non-Drill 

Drill 
IX Non-Drill 

Drill 
X Non-Drill 

Drill 
Algebra Non-Drill 

Drill 

Means 
(with P.E) 

39.1s :t1.12 
41. 98.} 1. 28 
41.93 1: .81 
44. 97!"1 .19 

204.59:t5.29 
202.73±2.23 
172.04:t2.72 
173.78±2.62 
144.59:t2.83 
147. 84±1. 55 
175.42:tl.37 
176.75r2.41 
165.07~2.64 
171, 77i 2. 38 

96.69±4.20 
98. 55.±3.85 
13. 40.t • 95 
12.49=1.27 

S. D. Variability *Ratio**Diff. 
{with SoD) 

10.81 :t l.l 7 
12.43:::1.38 

7.82.:! .84 
11.56il.25 

51.40±5.54 
21.67±2.33 
26.48±2.85 
25.45±2.74 
27.53:!_-2.97 
15.06±1. 62 
13.35!1.44 
23.47:!"2o53 
25.78:t2o78 
23.152 ·2. 50 
27.51!2.97 
37.40±4.03 

9.19± • 99 
12.33:tl.33 

27.59 
29.61 
18.64 
25.70 

25.12 
10.68 
20.82 
14.65 
19.04 
10.19 

7.61 
13.28 
15.62 
13.48 
28.45 
37.95 
68.61 
98.73 

,93 +-2.03 

.73 +7.06 

2.35 -14.44 

1.42 - 6.17 

1.87 - 8.85 

.57 +--5.67 

1.16 - 2.14 

• 75 + 9. 50 

.69 +30.12 

* The ratio is found by dividing the variability of the non-drill group by the 
variability of the arithmetic drill group. 
** The positive sign shows that the difference favors the arithmetic drill group; 
the nega.tive sign shows the difference favors the non-drill group. 

I 
~ 
CN 
I 
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Since the averages and the standard de

v·ations of the two groups are not the same there is 

need of a method of comparison that takes into account 

both the averagP and thA standard deviation . Such a 

comparison is found by mP,ans of thP. Pearson's Coefficient 

of Variation , given by the formula V = 100 s. D • . 
Average 

The comparison of the variability of the 

two groups is shown in Table VII . The arithm~tic 

drill group is seen to be less variable than the non

drill group in about half of the tests , these being 

the diagnostic tests V, VI , VII, and IX. 

Odell (13) thinks that the Coefficient f 

Variation is not a thoroughly reliable measure by means 

of which to compare two distributions . He tells us 

on page 145 that , "This is due to the fact that the 

zero point of a scale may be a false zero point . If 

this is true the amount by which it ie in error will 

enter into the denominator of the fraction in the formula 

and thus cause the value of the Coeffi c ient to be 

somewhat misleading and not strictly comparable with 

the Coe ff icient of Variation of another distribution , 

unless the zero point of both scales are proportionately 

in error . 11 



TABLE VIII . COMPARISON OF THE DIFFERENCES IN THE MEANS AND IN ALL TESTS. 

Tests 

All measures are given with their probable errors . ) 

~ Difference 
Non-Drill Group Drill Group Between 

Mean Mean Groups 

Ratio Diff. 
P. E. 

Diff. 
hances per 

100 

First Survey 
Second Survey 
Diagnostic 

39.19tl . 12 
41 . 93 :t O 81 

41 . 98 ~ 1 • 2 s -I- 2 • 7 s ~ 1 • 7 o 
44 . 97~1 . 19 ~ .04 ±1.0 

+ l o62 
-t • 04 

-t-86 
+ 51 

V 
VI 
VII 
VIII 
IX 
X 

Algebra 

204 . 59 :t.5.29 
172 . 04 t:2 . 72 
144 . 5fr-2 . 8 
175.42 .t-l.37 
165 . 07 .t2 . 64 

96 . 69 '!4 . 20 
13 . 40± . 95 

Madla,u 

202. 73 -:t-2 . 23 
173 . 78 '.!2 . 62 
147.84 t l . 55 
176 . 75 :!:2.41 
171 . 77 !:2 . 38 

98 .. 55 ~3 . 85 
12 . 49.!l . 27 

edian 

-l.86 :t5. 7 
-+l.74 ±3.78 
+ 3 . 25 :t3 . 25 
• l • 3 3:t 2 • 7 8 
+ 6 . 70 .:t3 . 56 
4- 1 . 86 :!:4 . 78 
- . 91:t.l . 5 

ifference 

- . 32 
+ . 46 
+ 1 . 00 
-+ • 49 
+ 1 . 88 
-+-- . 33 
- . 58 

Rat io 

-59 
+ 62 
+75 
-t--63 
-,... 89 
-+ 61 
-66 

Chances pA 
10 

First Survey 39 . 50 !.l . 39 42 . 35±"1. 60 +2 . 75 '±2 . 12 + 1 . 29 + 81 
Second Survey 42 . 63 ±1 . 01 44 . 83"!:-lo49 + 2. 20:tl . 80 + 1 . 22 + 7 
Diagnostic 

V 207 . 81-t: 6 . 63 205 . 31~ 2 . 73 -2 . 50 :t? . 19 - • 37 - 59 
VI 175 . 83 -:t3 . 41 177 . 71± 3 . 28 4 1 . 88 ±4 . 84 + • 39 -1-61 
VII 147 . 50±3 . 55 147 . 66 ±1 . 94 + i,16 ±4 . 05 + . 04 + 51 
VIII 177 . 00:tl . 72 · 179 . 35:t3 . 03 +2 . 35 :t.3 o48 + . 68 +70 
IX 169 . 43.!3 - 71 l75 . 5o :ta . 98 +6 . 07 ±4 . 76 + 1 . 28 + 81 
X 94 . 46±3 . 55 98 . 50 1"4 . 82 +4 . 04 .:t5 . 99 + . 67 4--67 

Algebra 13 . 38~1 . 18 11 . 00~1 . 59 -2 038~ 1. 98 -1 . 20 -79 
*The -positive sign shows that the diffe:rPnce favors the arithmetic drill group; 
th e negative sign shows the differ~nce favors the non-drill group . 

' ~ 
01 
a 



-46-

In comparin · the meas of the two groups 

the differences favor the arithmetic drill group, in 

all i ns t ances hown in Table II , except that of the 

diagnostic test V, and the algebra test,~ ·th 

chance rangin- from 51 to 89 er hundred that the 

differencAs would be significant . he largest 

difference is in teat rx. which measures addi ion, 

ubtraction, and multiplication o decimals., This 

dif f er c. ·s 6 . 70, with 89 cha~c s e hu dred 

that thi difference is sign:f·cant 

Practically the same thing is true ·n the 

comparison of the m~dians of the groups, seJn in th~ 

same table a he difference8 favor th 0 arith ietic 

rill group in all teste except the diagnostic test 

hich m~a ur s ability to add fractions and mixed 

number , and the algebra test , with chances ranging 

f rom 51 to 81 per hundred fo1 significanc~. Again, 

the largest difference is in the test 0f additiJn, 

subtraction , and multiplication of decimals , this 

di f ference bein0· 6 . 0 7±4 . 76 , with 81 chances per 

hundred for signifi.cance . 

, 

The difference in algebra favoring the non

drill group is only.91 !.1 . 58 for the mean and 2 . 38±1 . 98 

for the median , with chances of 66 and 79 per hundred 



-47-

respectively that the differences will have significance. 

These differences sP-em very slight when it is recalled 

that the non-drill group spent eight weeks in the eighth 

grade in introductory algebra and had one month longer 

in the ninth grade than d~d the arithmetic drill group . 



TABLE IX . COMPARISON OF THE DIFFERElWES IN THE QUARTILES IN ALL TESTS . 
(All measures are given with their probable errors . ) 

Tests 

First Survey 
Second Survey 

V 
VI 
VII 
VII I 
I X 
X 

Algebra 

First Survey 
Second Survey 

V 
VI 
VII 
VIII 
IX 
X 

Algebra 

Non- Dri l l Group 
Q3 

44 0 07 .tl . 52 
45 . 16fl . 10 

216 . 93 ! 7 . 20 
181. 62 ! 3 0 71 
153 . 44±3. 86 
181 . 50:il . 87 
179 . 60 :t-3 . 60 
109 . 38:t3 . 86 

18 . 50 .tl . 23 

Ql 

34 . 64::tl . 52 
39 . 38±1 . 15 

201 . 09±7 . 20 
170 . 80±3 . 71 
139 . e91 ·3 . se 
172 . 38±3 . 29 
154 . 75!: 3 . 60 

86 . 46::-3. 86 
10 . 69:tl . 23 

Arithmeti c Drill Group 
Q3 *Difference 

47 0 41±1 0 74 
50 . 31±1 . 62 

211 . 81 ±-3 . 04 
182 . 17±3 . 57 
15 4.1 7±2 . 11 
182 .2 6±3.2 9 
181 . 80 ±:3025 
115 . 25:t5 . 24 

16 . 16::-1 • 7 3 

Ql 

3 6 . 38 .:!1 • 7 4 
40 . 58±1 . 62 

196 . 87±3 . 04 
169 . 69:t3 .5 7 
142.25 -:!::2oll 
172 .38 :t3o29 
165. 75.:t3. 25 

86 . 88!-5. 24 
8 . 25.!l . 73 

* -+ +3 . 34-'-2 . 31 
+5 . 15±1 . 96 
-5 . 14::7 . 88 
+ . 55±5 . 14 
-t- . 73:-4 . 40 
+ . 76±3 . 78 
+ 3o 20 ±4 0 85 
-+ 5 . 87:!6 . 51 
-2 . 34±:2. 12 

Difference 

-+ 1 . 74:tz . 31 
-t- 1 . 20:!:"l. 96 
- 4.22 ±7 .82 
-l . ll:t5 . 14 

+ 2 . 56::.4. 40 
- • 32"!:3. 78 

-tll o00±4 . 85 
+ • 42±6 . 51 
-2 . 44:ta . 12 

Dif f. 
P.E. Cha.nces 

Diff . Per 100 . 

-t 1 . 45 
+2 . 62 
- . 66 
+ . 11 
+ . 13 
+ . 20 
-t • 66 
+ . 90 
-1 . 10 

Diff . 

-+ 8 
+ 96 

(-)67 
+ 53 
+ 54 
+ 55 
+ 67 
+ 73 

(- )77 

P . E. Chances 
Diff . Per 100 

+ . 75 
-J-. 61 
- . 54 
- . 22 
+. 58 
- . 09 

+2 . 27 
-t . 06 

-1 . 15 

+ 69 
+ 66 

(-)64 
(-)55 

+ 64 
(-)51 

+ 94 
+ 51 

(-) 78 

*The positive sign indicates the difference ie in favor of the drill group;the 
negative sign indicates the dif f erence is in favor of the non-drill group . 

I 
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o zinger (11) is the authority for om uting 

he probable error Jf t .e difference of the uartiles 

of the groups. On page 240 he tates that if A and B 

are any two ind pendent measures the form~a for the 

probable error of their di+'ference becomes 

P . E . ( A _ B = in P. E. A 2 + ( P. E. B) 2 • Rei t z ( 15 on 

page 32 gives the formula for calculating the 

P. Eo t· as "9191 S. D.o 
quar ile i' Number 

In comparing the upper quartiles of the two 

groups the differences favor the drill group . in all 

tests except the diagnostic test V, which measures 

addition of fractions and mi~ed numbers, and the 

algebra, test, with chances ranging fr<?m 53 to 96 pe.r 

hundred for significance. The difference in favor 

of the non-drill group on the test V has little meaning, 

having only 67 chances per hundred to be significant. 

The difference in the algebra test, while favoring the 

non-drill group, has only 77 chances per hundred for 

significance Cl 

In comparing the lower quart·1e tte differ

enc F fBvor the · arithmetic drill group in both forms of 

the survey test and in the diagnostic tests VII, IX, 

and X, with chances for significance ranging from 51 
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94 per hundred that they will be si~nificant. Test 

IX, dealing with addition, subtraction and multipli

cation of decimals, has the largest dif .. :erence, be.:.ng 

11 . 00 ~4.85, with 94 chances per hundred that it will 

be significant . The differences favor the non-drill 

group in tests V, VI , VIII, and the algebra test, 

•with chances for s·inificance ranging from 51 to 64 

per hundred to be significant o This difference in 

test VIII, measurin~ d'vision of fractions and mixed 

numbers, has little meaninb, having only 51 chances 

per hundred to be significant. The difference in the 

algebra is 2 . 44":!.2. 12, with only 78 chances per hundred 

to be significant . 



TABLE X. COMPARISON OF THE COMPOSITE SCORES MADE DIAGNOSTIC TESTS V-X 

Range 

S.D. (with s.D) 

Mean (with PoE) 

Upper Quartile 
(with P.,E) 

Non-Drill Group 

-7.30 to 4.03 

3.193-r. 344 

.079~.328 

lo 42 ± • 448 

Median (with P.E) ~328~.412 

Lower Quartile 
(with P.E) -1.163 ~.448 

Drill Group *Difference 
(with P.E) 

-5.03 to .45 

Ratio 
Diff. 

P.E. 
Diffo 

3. 26.:: . 352 

.006.:t.338 -.073!.482 -15 

1. 53 ..:: • 45 

.25 ~ .421 

-1 • 209.!:o 45 

+ .11 .:t. 640 t 1 

-. 078±:. 589 -13 

- . 046 :t'" e.,. - 7 

hances 
Per 100 

-54 

T 54 

-54 

-53 

* The positive sign shows the difference is in favor of the arithmetic drill 
group; the negative sign shows the diffPrence is in favor of the non-drill group. 

1 

' 01 
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Si_ce the analysis of the scores of the 

two formB of the survey test in arithmetic showed 

that thA arithmetic drill group made an improvement 

during the year of algebra which was of less 

significance than th a t made b y the non-drill group, 

and since the survey tests covered many more topics 

than were stressed in the eilhth grade drills , and 

s·nce the analysis of the diagnostic tests in 

arithmetic seems to show that the arithmetic drill 

group d"d make a slight improvement over the non-drill 

group , it may be of ·mportance to compare the di f ferent 

measures of central tendency and variability of the 

composite scores made from the diagnostic testse 

This comparison of the composite scores is 

found in Table X. Each scor·e of each diagnostic test 

was changed to a standard score by subtracting the 

average of the group from the raw scor·e and dividing 

the remainder by the standard deviation of that group . 

Authority for this standard score is found on pabe 

118 of Holzinger (11,. These standard scores were 

thP,n added to get the composite score for each pupil . 

he comparison of the standard scores shows 

that the non-drill group had a much wider range of 

scores than does the arithm~tic drill group . he 
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diffPrence of the upper quartiles favor the arithmetic 

dri group, wh"le those uf them an, the mJdian, 

and the l:nver qua.rtiles favor the non-drill group. 

All of these differences, however, have little mean

ing since their chances for significance vary from 53 

to 54 per hundredo 



TABLE XI. COMPARISON OF THE COMPOSITE SCORES MADE FROM DIAGNOSTIC TESTS VII-X. 

Ratio 
Non-Drill Group Drill Group *Difference Diff. Chances 

(with P.E) P.E. Per 100 
Diff o 

Range -5.34 to 3.49 -2. 82 to 2.22 

S. D. (with S. D) 2.245±.242 2. 722 .:r. 294 

Mean (with P.E) • J.80+. 231 .052+-.280 -.128:!:. 363 -.35 -59 

Upper Quartile 1.156-t-.315 l.187j:.382 .032~.494 +.06 +51 
(with P.E) 

Median (with P.E) • 41 T • 290 • 08 :t • 351 -. 33 :t. 455 -.72 -68 

Lower Quartile 
(With P.E.) -. 813±. 315 -1.031:t.382 -.218i:.484 -.05 -51 

* The positive sign shows that the difference favors the arithmetic drill 
group; the negative sign shows the difference favors tbe non-drill group. 

I 
CJl 
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Since the ompari on o~ th; measures T 

variability and of cent al tendencv of the sourc;s -f 

the diagnostic tests and VI, as seen in Tables VIII 

and IX hows some differ nc s sli 6htly in favor of the 

arithmetic dr'll gro p, while a number f the ·fferences 

favor the non-drill roup, it would appear that the 

intensive drills ~iven in the e·ghth grade had little 

or no effect on the processes measured by these tests. 

TestsV and VI measure the abi tty to add and subtract 

fractions and mixed numbers. 

Table XI shows the comparison of the 

composite scores of the diagnostic tests in arithmetic 

VII through Xo These tests measure the ability to 

multip y, and d'vide fractions, to add, subtract, 

multiply, and divide decimals. This composite score 

was found by adding the standard scores of .the tests 

VI I through X. 

A study of Table XI reveals the fact that 

while the range of the non-drill group is much wider 

than that of the arithmetic drill group the differences 

of the other measures are very slight. The apparent 

differences seen in Tables VIII and IX have been 

eliminated. A 1 the differences shown, except that of 

the upper qua.rtile, favor the non-drill group, but they 



-56-

are without meaning, having only from 51 to 68 chances 

per hundred to be significant~ 
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CHAPTER V 

SUMMARY AND 001 LU IO S 

1 . Related Rtudies seem to disagree as to 

the amou.nt of relationship between arithmet·ca.l ability 

and achievem 0 nt in algebra, though they indicate that 

such a relationship does exist . 

2 . Those studies to which the writer has 

referred do not measure the effects of drills in the 

fundamental procenses of arithmetic after as long a 

time as one year., Neither do they show what effect 

t hese drills in arithmetic fundamentals would have 

upon achievement in algebra . 

3. The drills in arithmetic fundamentals 

as given to the eighth grade pupils in tnis experi

ment have caused a noticeable difference in the 

arithmetical ability of the two groups as measured 

by the survey test three months after the drills and 

a.gain eleven months after the drills . These differen

ces between the groups favor the arithmetic drill 

group . 

4 . The amount of increase in arithmetical 

abi l·ty during the year of algebra for the one group 

over the other , as measured by the survey tests , 
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seems not to be affected by the drills in the ei ghth 

gradeo 

5. The differences in arithmAtical abilities 

as m~asured by the diagnostic t ,st~ seem to favor the 

drill group, but these differences are eliminated 

when +,ne diagnostic tests are combined into composite 

scores and these compositA scoree are com9ared~ 

6 0 The differences in algebra achievement, 

while favoring the group that took introductory 

algebra in the eighth grade, are so small that th~y 

might have been eliminated if th~ ~roups had had an 

eq 1.1.al number of months' training in forma.l algebra in 

the ninth grade. 

7 . In general, the evidence, as herein shown, 

indicates that it makes little difference, at the end 

of the ninth grade, in knowledge of either arithmetic 

or algebra, whether the pupils have two months of 

introductory algebra followed by nine months of 

formal algebra or two months of intensive drill in the 

f undamentals of arithmetic, stressing fractions and 

decimals, followed by eight months of formal algebra. 

as conducted in this experiment . 

B. A repitition of this experiment might 

be well worth while if the n~mber of pupils in the 
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groupR cou.d be increased, and if the groups could be 

tau 6rt simultaneously ·n the n~n h 6rade, instead of 

in successive years, as in this study. If tau
0

ht 

simul taneo,isly, such uncontrollable factors a the 

closing of school early and the disRstrous effects 

of one month's uncertainty as to the closir~ of schoo 

would affect both groups alike. Two other changes in 

t~chnique that would improve the value of this 

experiment wou.ld be to measure the arithmetical abili

ties of the pupils before they received the differing 

instruction in the eighth grade, and to pro~P.~d int~ 

ninth grade with the i!ltrod-:.1ctory alg~bra group ,.~hAre 

th~y leave off at the end of the ei 6hth grade, advanc

ing bot~ groups as far as they c uld o in formal 

algPbra dur·ng the nine months of the n·nth grade . 
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APPENDIX 

TABLE I. THE TWO GROUPS BALANCED IN TERMS OF I. Qo 

TABLE II. SCORES MADE BY THE NON-DRILL GROUP IN 

ALL TESTS. 

TABLE III. SCORES MADE BY THE DRILL GROUP IN ALL TESTS, 

TABLE IV. SCORES OF THE DIAGNOSTIC TESTS FOR THE NON

DRILL GROUP CHANGED TO STANDARD SCORES WITH 

THE COMPOSITE OF TESTS V TO X AND THE COM

POSITE OF TESTS VII TO X. 

TABLE V. SCORES OF THE DIAGNOSTIC TESTS FOR THE 

DRILL GROUP CHANGED TO STANDARD SCORES 

WITH THE COMPOSITE OF TESTS V TO X AND THE 

COMPOSITE OF TESTS VII TO Xo 
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TABLE I 

SHOWING THE GROUPS BALANCED IN TERMS OF I.Qso 

Non-Drill Group Arithmetic Drill Group 

Pupil I. Q. Pupil I. Q. 

l 77 1 77 
2 81 2 81 
3 88 3 88 
4 89 4 88 
5 90 5 90 
6 91 6 92 
7 93 7 93 
8 96 8 97 
9 98 9 98 

10 99 10 99 
11 99 11 99 
12 102 12 103 
13 103 13 103 
14 103 14 103 
15 103 15 104 
16 104 16 104 
17 104 17 104 
18 105 18 105 
19 106 19 105 
20 106 20 106 
21 106 21 106 
22 107 22 107 
23 108 23 107 
24 109 24 109 
25 109 25 109 
as 109 26 109 
27 110 27 110 
28 110 28 110 
29 110 29 110 
30 111 30 111 
31 112 31 112 
32 112 32 112 
33 112 33 114 
34 116 34 115 
35 117 35 116 
36 119 36 119 
37 119 37 120 
38 120 38 120 
39 123 39 122 
40 126 40 125 
41 127 41 127 
42 135 42 133 
43 136 43 138 
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TABLE II. SCORES MADE BY NON-DRILL GROUP IN ALL TESTS. 

Survey Diagnosti Tests 

Pupil 1st. 2nd. V VI VII V II IX X Algebra 

45 39 202 186 142 161 160 102 1 
2 37 35 203 172 146 179 161 91 9 
3 43 44 2 6 179 156 182 157 87 11 
4 24 27 191 127 126 161 123 37 5 
5 34 41 202 176 56 172 144 64 7 
6 41 43 223 186 159 184 17 79 l 
7 38 40 a 3 176 154 181 168 99 15 
8 38 41 206 186 154 181 157 106 13 
9 32 36 79 127 145 177 166 88 13 

10 37 39 209 170 147 183 143 106 9 
11 34 38 174 51 142 169 154 90 10 
12 41 42 174 170 148 182 159 108 11 
13 34 40 203 178 15 184 135 86 8 
14 44 43 215 173 159 175 183 134 20 
15 38 36 151 173 153 173 152 115 12 
16 45 45 216 180 156 155 181 21 29 
17 34 38 205 166 120 174 142 87 10 
18 39 40 215 165 85 176 176 99 18 
19 43 45 209 174 150 173 175 82 11 
20 41 44 223 181 152 167 170 78 12 
21 39 42 217 173 130 165 145 91 9 
22 45 42 215 155 144 183 163 79 16 
23 47 35 216 183 138 180 152 90 10 
24 39 40 218 184 137 182 179 87 19 
25 42 46 209 155 127 173 181 108 11 
26 44 40 206 179 140 163 170 110 12 
27 46 46 204 184 144 176 176 104 4 
28 37 48 209 179 100 178 175 111 22 
29 37 44 218 173 143 152 178 80 13 
30 37 44 193 180 141 172 189 92 27 
31 43 42 220 177 156 184 169 116 14 
32 29 34 119 170 139 175 142 74 7 
33 28 37 202 174 151 18 185 1 1 14 
34 29 29 145 104 132 167 118 73 5 
35 35 42 192 167 155 179 153 88 17 
36 47 46 220 187 150 181 180 112 19 
37 45 44 204 180 152 175 188 109 13 
38 35 44 209 174 154 175 169 94 18 
39 41 46 211 184 148 181 169 1 6 20 
40 35 43 212 178 144 177 173 109 17 
41 44 50 217 180 153 181 186 138 23 
42 41 50 214 176 151 184 181 93 27 
43 49 44 218 182 139 179 178 102 19 
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TABLE III. SCORES MAD., BY ARITID!tETIC DRILL GROUP 
I - ALL TESTS. 

Survey Diagnostic Tests 

Pupil 1st. 2nd. V VI VII VIII . IX X lgebra 

1 35 35 198 176 139 180 134 71 5 
2 29 36 173 175 139 171 160 80 5 
3 37 39 211 175 143 175 185 75 12 
4 41 39 193 180 139 173 175 79 14 
5 34 33 192 178 145 166 178 102 9 
6 26 33 75 142 138 179 150 6 5 
7 48 52 200 170 144 163 180 90 10 
8 42 41 200 175 141 178 176 99 17 
9 46 43 203 184 142 184 174 , 92 10 

10 35 44 207 158 158 182 144 63 11 
11 37 31 193 174 , 142 177 163 53 7 
12 35 48 209 185 147 181 172 94 6 
13 37 4 202 170 156 173 147 87 8 
14 48 44 178 175 156 184 171 117 7 
15 46 48 213 175 156 180 182 108 15 
16 35 44 203 181 150 170 165 102 11 
17 41 47 201 177 143 181 186 1 9 12 
18 35 45 199 167 148 183 156 114 7 
19 46 42 214 183 157 178 174 108 10 
20 43 50 215 181 155 182 167 98 11 
21 40 41 217 182 155 184 176 92 8 
22 34 40 203 169 148 160 154 63 5 
23 39 41 172 123 156 177 171 107 8 
24 49 54 212 179 146 170 179 129 21 
25 41 47 187 174 140 179 185 118 10 
26 38 44 183 159 137 159 170 96 8 
27 42 34 207 169 135 173 169 91 7 
28 44 46 223 184 153 184 186 130 21 
29 30 34 186 136 135 180 161 69 2 
30 50 50 208 162 153 180 186 129 17 
31 49 50 206 185 14-7 183 188 128 26 
32 44 41 216 187 153 184 182 119 11 
33 41 43 200 16 143 168 168 77 13 
34 43 51 212 179 137 151 180 99 17 
35 36 43 309 181 144 172 165 115 11 
36 52 50 205 184 153 178 183 95 20 
37 46 51 Z14 182 153 184 179 110 11 
38 48 45 209 181 56 181 178 94 19 
39 54 56 215 184 153 184 188 131 26 
40 45 50 2 1 185 142 171 166 87 10 
4 48 49 212 175 151 175 189 100 8 
42 46 51 213 179 156 1so · 179 14 26 
43 47 56 204 169 155 180 177 125 21 
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TABLE IV. SCORES OF NON-DRILL GRO P I THE DIAG OSTIC 
TESTS CHA GED 0 STA DARD SCORES AND THE TO AL 

FOR EACH PUPIL. 

Pupil Tests *Total * Total 
V VI VII VIII IX X V-VI VII-X 

1 -.05 .53 -.02 -.93 -.20 .19 -.48 -.96 
2 -.04 -4')02 .12 .42 -.16 -.21 .14 .18 
3 .22 .26 .49 .64 -.31 -.35 095 .46 
4 -.26 -1.70 -.60 -.93 -1.63 -2.17 -7.30 -5034 
5 -.05 .15 .49 -.11 -.82 -1.19 -1.53 -1.63 
6 .36 • 53 .so .73 023 -.64 1.86 • 98 
7 -.04 .15 .41 .57 .11 .08 1.29 1.18 
8 .03 .53 • 41 .57 -.31 .34 . 1.56 1.01 
9 -.50 -1.70 .09 .27 .34 -.32 -2.13 .08 

10 .09 -.08 .16 .72 -.86 .34 .37 .36 
11 -.60 -.so -.02 -.33 -.43 -.24 -2.42 -1.03 
12 -.60 -.08 .20 .64 -.24 .41 .34 1.01 
13 -.04 .23 .31 .79 -1.17 -.39 -.27 -.46 
14 .20 .04 e60 012 070 1.36 3.01 2.77 
15 -1.04 .04 .38 -.02 -.51 .67 -.49 052 
16 .22 • 30 .49 -1.38 .62 .88 1.13 .61 
17 .01 -.23 -.82 003 -.90 -.35 -2.25 -2.03 
18 .20 -.27 -2.09 .19 .42 .oa -1.45 -1.39 
19 009 .07 .27 -.02 .39 -.53 .as .10 
20 .36 .34 .34 -.48 .19 -.68 .07 -.63 
21 .24 .04 -.45 -.63 -.78 -.21 -1.81 -2.07 
22 .20 -.67 .05 072 -.os -.64 -.42 a05 
23 .22 • 41 -.17 .49 -e51 -.24 • 21 -.42 
24 .26 .45 -.20 .64 • 51 -.35 1,,31 .so 
25 .09 -.67 -.57 -.,02 .62 • 41 -.14 044 
26 1103 .26 -.09 -.78 .19 -.48 -.88 -1.17 
27 -DOl .45 .51 .19 .42 'o 27 1.39 093 
28 ,,09 .26 -1454 .34 039 .52 .05 -. 31 
29 .26 .04 .02 -1.61 .50 -.61 -1.40 -lo70 
30 -.23 .30 -.06 -.11 .93 -. 7 .67 .59 
31 • 30 .19 • 49 .79 .15 .70 2.62 2.13 
32 -.11 .os -.13 .12 -.90 -.83 -1.77 -1.73 
33 -.05 .07 .31 .79 .77 •. 52 2.42 2.39 
34 -1.16 -2.57 -.38 .48 1.83 -.86 -6.31 -2.59 
35 -.25 -.19 .45 048 -.47 -.32 -.35 .08 
36 .30 .57 027 .57 .58 .56 2,,84 1.97 
37 -!)01 • 30 • 34 . .12 .89 .45 2.10 1.80 
38 .09 007 • 41 .12 .15 -.10 .75 .59 
39 .13 .45 • ao .79 .89 .70 3.16 2.58 
40 .a.14 .07 .05 .27 • 31 .45 1.29 lo07 
41 -.24 • 30 • 38 .79 .81 1.50 4.03 3.49 
42 .18 .15 • 31 .79 .62 --.13 1.92 1.58 
43 .26 .38 -.13 .42 .50 .19 1.62 • 98 
These totals were found by adding the standard scores 
in three decimal places and then rounding off to two 
places. 
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TABLE V. SORES OF ARITH ETIC DRILL GROUP I E 
DIAG OSTIC T STS CHANGED TO S ANDARD SCORES 

AND TSE TOTAL FOR ACH UPIL 

Pupil Tests * Total * Total 
V VI VII VIII IX X V-X V I-X 

1 -022 .09 -.59 .14 -1.63 -.74 -2.95 -2.82 
2 -1.73 .05 -.59 -.25 -.51 -.50 -3.16 -lo85 
3 .38 .05 -.32 -.07 057 -.63 -.03 • 45 
4 -.45 .24 -.59 -.16 014 -.52 -1.34 -1.13 
5 -.50 .16 -.19 -046 .27 .09 -.63 - 89 
6 -1.28-1.29 -.65 .10 -.90 -1.00 -5.03 -2.46 
7 -.13 -.15 -.26 -.59 .34 -a23 -.99 -.71 
8 -.13 .05 -.45 .05 ., 18 .01 -.29 -022 
9 .01 .40 -.39 0 31 olO -.18 .26 -.16 

10 .20 -.62 .68 .22 -1.,20 .95 -1.66 -lo25 
11 -.45 oOl -.39 !)l -.38 -1.23 -2.43 -1.98 
12 .29 • 44 .06 .18 oOl -.12 086 .13 
13 -.03 -.15 .54 -.16 -1.03 -.31 -1.14 -.95 
14 -1.14 .05 .54 • 31 -.04 .49 .22 1.31 
15 • 47 .05 .54 .14 .44 .25 1.90 1 • 8 
16 .01 .28 • 14 -.29 -.29 .09 -.05 -.34 
17 -.08 .13 -.32 .18 .62 .so 1.12 1.08 
18 -.17 -.27 .01 .27 -.68 .41 -.44 .01 
19 .52 .36 .61 .05 .10 .25 1.89 1.01 
20 • 57 .28 .48 .22 -.21 -.02 1.33 .48 
21 .66 .33 .48 .31 .18 -.18 1.77 .79 
22 .01 -.19 .01 -.71 -.74 -.95 -2.57 -2.40 
23 -1.42-2.00 .54 11 -.04 .23 -2.68 .74 
24 .43 .21 .12 -.29 • 31 .81 1.60 .96 
25 -.73 .01 -.52 .10 057 .52 -.04 .68 
26 -.91 -.58 -.72 -.,76 -.08 -.07 -3.11 -1.62 
27 020 -.19 -.85 -.16 -.12 -.20 -lo33 -1.34 
28 .94 • 40 .34 • 31 .61 084 3o45 2.11 
29 -.77-1 .. 48 -.85 .14 -.47 -.79 -4023 -1.97 
30 .24 -.77 .34 .14 • 61 .Bl 1.38 1.91 
31 .15 . 44 .06 .27 .70 .79 2.40 1.81 
32 • 61 .52 .34 • 31 .43 .55 2.75 .6 

3 -.1 -.50 -.32 -.37 -.16 ~-58 -2.04 -1.43 
34 .43 .21 .12 -1.10 • 35 .01 .03 -.61 
35 .29 .28 - .. 26 -.20 -.29 .44 .27 -.31 
36 .11 .40 .34 .05 .53 -.10 1.34 .83 
37 .52 • 32 .34 • 31 • 57 • 31 2.37 1.53 
38 .29 .28 .54 .62 .27 -.12 1.88 1.30 
39 .57 .40 .34 • 31 .70 .77 3.19 2.22 
40 .38 .44 -.39 .14 -.25 -.04 .28 -.54 
41 043 .05 .21 -.07 • 4 .04 1.40 .92 
42 • 47 .21 .-54 • 14 • 31 0 41 2.08 1.41 
43 .06 -.19 048 .14 .23 .71 1.42 1.55 
Th S.t. totals were found by adding the scores to three 
deci1.nal places, and then roun ing off to two places. 
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