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3. 

A F4EDIAL PROGRA11 IN HIGH SCHOOL 

ALGEBRA 

Statement of the Problem 

For nearly a score of years the writer has been attempt- 

ing to guide boys and girls through the mazes of first year 

algebra. During this time she has frequently been given the 

responsibility for instructing groups of pupils who for one 

reason or another have unusual difficulty in learning the 

subject. In searching about for bettor ways of teaching and 

some means of salvaging a larger percentage of these pupils, 

a program was worked out involving some special graduate 

study in the Oregon State College stunner school. In a course 

entitled "Remedial Instruction in the High School"# the 

writer received the inspiration for this study. 

The objectives which have guided the formulation and 

administration of this project have been: 

1. To work out a practical, effective remedial tech- 

nique for the teaching of first year algebra to a ninth 

grade class in the junior high school, where algebra Is a 

required subject, with special emphasis to be given to the 

#Ed 401. Remedial Teaching. Three hours. 
Methods of diagnosing and treating student deficiencies. 

Major emphasis in the field of silent reading, the key situ- 
ation in most deficiencies In the elementary and secondary 
school. Planned especially for teachers of experience. 
Dr. Parr. 



slower or more backward group. 

2. To make a record of tests, diagnoses, remedial 

measures, and re-tests used in the experiment. 

3. To accumulate definite data to serve as a basis 

for the evaluation of the materials and techniques. 

4. To contribute to anyone interested in such a re- 

medial program an accurate record and account of this 

experiment. 

Significance of the Problem 

2 

That the problem undertaken in this thesis is a signi- 

ficant one is evidenced by the well-established facts: 

1. That the mortality in beginning algebra is unusu- 

ally high; 

2. that these failures have a pronounced detrimental 

effect on the pupils; 

3. that most remedial projects which have been recorded 

in literature show that it is possible to save a large per- 

centage of the potentially failing students by the use of 

adequate remedial technique and drills. 

The history of high school mathematics shows a high 

mortality. Briggs (30:2)# says, three successive 

# The numbers included within the parentheses here and 
throughout this thesis refer to the corresponding numbers 
in the bibliography which follows the thesis. For example, 
the quotation given above was taken from page 2, reference 30. 
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Regents' Examinations the percentages of students who had 

begun the subjects in New York City high schools and. who 

passed ranged from 30 to 79 in algebra." In the Mount 

Hermon (Massachusetts) High School, Jackson (15) says that 

the result of three years of study showed that 33 per cent 

of the boys failed at the end of the first semester, and 

that 65 per cent of those with an I Q of less than 100 

failed. Of those who took the second semester's work 20 per 

cent failed. Breslich (7:331) in a very recent address said, 

"The large percentages of failures in high school algebra 

and geometry have been a constant source of dissatisfaction 

among pupils, parents, and school officials. For years 

much has been saId and written to bring about a reduction of 

failures of pupils, but the percentages continue to be high. 

Fifteen to thirty per cent of pupils fall commonly in mathe- 

matics, and often the percentages run as high as fifty." 

One of the factors which has contributed to this high 

percentages of failures is the great increase in the propor- 

tion of the American youth who are attending school. High 

school enrollment increased 99.9 per cent between 1920 and 

1930. In the two-year period from 1928 to 1930 the enroll- 

ment increased one-half a million. The general trend of 

opinion has been to urge young people to remain in school 

longer; employers are insisting on a better education for 

their employees; unemployment has thrown large numbers of 

the younger people back into the schools. Thus, it can be 
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seen that the increase in attendance has come quite largely 

from the group with the lower intelligence quotient, the 

group which previously dropped out of school because the 

work became too difficult for them and because the law no 

longer compelled them to attend school. Consequently the 

algebra as presented to the former groups is not adapted to 

the needs nor to the abilities of the newer group. The pub- 

lic asks the teachers for results, without suggesting the 

means by which those results are to be obtained. There is 

no way at present to eliminate this low group; therefore, 

the teaching must be revised to suit the needs and abilities 

of these pupils, or a new course in mathematics must be in- 

troduced which is better adapted to this group's needs. 

This high mortality in high school algebra comes from 

two sources; first, from those who completo the subject 

and fail to attain the prescribed standard for a passing 

mark; second, from those who sense the fact that they are 

going to fail and drop out of the class or out of school 

before the end of the term. If a pupil is in the first 

group, he feels himself branded both in his own mind and in 

the minds of his fellows as a or "dub". This 

affects not only his attitude toward his other school studies 

but his attitude toward his fellows and toward life in gen- 

eral. If he is in the group of those who, sensing the fact 

that failure is inevitable, withdraw from school rather 

than face the failure, he develops the attitude of running 
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away from tasks which appear too difficult for him. This 

attitude is likely to carry over into life situations, and 

the harm done to the individual is greater than if he had 

never been permitted to attempt algebra at all. Dr. Schor- 

ling (28:421) says, "Nobody knows the bad effects of the 

fear of failure. Public citizens who are concerned with the 

rising tide of crime, or at any rate with the increasing 

rnimber of inmates in our prisons, suggest that the secondary 

school is responsible so long as it fails to meet the needs 

of the vast number that now are unadjusted to the curricu- 

luins." 

Many educators in the secondary schools, already feel- 

Ing responsibility for this vast number of unadjusted, have 

been attempting remedial programs. From published reports 

of remedial projects that have been undertaken, the value 

of such programs in the saving of potentially failing pupils 

is clearly demonstrated. Such studies as those of Stokes, 

Johnson, and Guider which are reviewed in the next section 

of this thesis prove the worth of such work. 

Ordinarily, within the first month, or at least within 

the first six weeks of the course, the instructor is able 

to pick out those who seem to be headed toward failure. If 

at this time a careful diagnosis could be made and intelli- 

gent, specific remedies could be applied, the seeming fail- 

ures might be very definitely diverted Into at least partial 

successes. This will, of course, mean extra time and work 

on the part of the teacher. Consistent diagnosis after 



each unit of work, followed by appropriate remedial drill 

will go a long way toward securing that Utopia of the 

conscientious teacher--a class without a failure. 

Previous Studies 

Increasing interest has been shown throughout the past 

decade in the subject of remedial teaching. Numerous re- 

search studies on the subject have been reported in leading 

educational magazines and yearbooks. The chief interest 

has seemed to center around mathematics and reading, two of 

the three R's. Most of the studies in mathematics have been 

in arithmetic and in algebra. 

Many very helpful studies, observations, and suggestions 

were reviewed in connection with this study. The ones re- 

ported here wore chosen especially because of their practi- 

cal, definite, and concrete nature. They will be classified 

as follows: (i) Investigations Concerning the Types and 

Jxtent of Algebraic Difficulties; (2) Studies of the Causes 

of Algebraic Difficulties; (3) Studies Giving Remedial 

Experiments and Suggestions; (4) and Studies Showing Results 

of Remedial Teaching Projects. 

1. Investigations Concerning the Types and Extent of 
Algebraic Difficulties 

One investigation of the types of errors made in an 

algebra class was reported in 1927 by Wattawa (37). Her 
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study, which was conducted in the East Side High School of 

Madison, Wisconsin, covered three periods of three months 

each. The class observed was rated as a BtI section, whose 

intelligence quotients, by the Otis classification, ranged 

from 102 to 135. The errors recorded occurred in oral and 

written class work and in tests; the reports are each made 

to include a three-month period. For the first three months 

the report of errors, which is made from four full-period 

tests, is as follows: 

TABLE I 

Types of 
Errors 

Number of 
Errors 

Per cent of 
Errors # 

Sign errors 64 17.2 
Failure to check equation 
or to substitute correctly 6 
Incorrect operation 40 10.7 
Errors in copying 74 19.9 
Arithmetical errors 64 17.2 
Incorrect order caused diffi- 
culty 36 9.7 

Sp.-Errors in exponents 20 5.4 
irrors in symbols in problem 
work 29 7.8 
Symbols correct, equation in- 
correctly formed 32 8.6 

Equation for problem correctly 
formed, not solved correctly i 

Errors Sp.-in removing paren- 
theses 6 

Total 372 ____________ 

#The percentages in this table were computed by the writer. 



For the second three-month period the following errors 

were reported: 

TABLE II 

Types of 
Errors 

Numbers of 
Errors 

Per cent of 
Errors 

rrors in arithmetic 144 35.4 

rrors in sign 76 18.7 

rrors in copying or reading 44 10.8 
tncorrect operation 42 10.3 
Lack of understanding 38 9.3 

Totals 407 84.5 

During the third three-month period, one hundred forty- 

one home-work papers handed in by the different members of 

class classified. The re- 

suits follow: 

TABLE III 

Typos of 
Errors 

Numbers of 
Errors 

Per cent oi 

Errors 

Errors in arithmetic 62 32.0 
Errors in signs in transpo- 
sition 24 12.4 

Errors in signs in removing 
parentheses 19 9.8 
Errors in signs In division 4 2.1 
Errors in signs in clearing 
of fractions 4 2.1 

Errors in addition or subtrac- 
tion 9 4.6 

Incorrect operation used 20 10.3 
Errors in extracting root 14 7.2 
Errors in copying 13 6.7 
Errors in factoring 9 4.6 
Failure to form the correct 
equation for written problem 5 2.6 



TABLE III 

Con't 

Types 
Errors 

Ni.unbers of Per cent o 

Errors Errors 

Errors in completing square 
in quadratic 4 2.1 

Incorrect use of exponents or 
coefficients 3 1.5 

The unknown in the answer 3 1.5 
Error in removing parentheses 1 .5 

Totals 194 100.0 

The following table, summarizing the chief errors 

found in the year's investigation by Miss Wattawa, was made 

by the writers 

TABLE IV 

Types of Errors 

_______________ 
Per cent by periods 

I 

1 2 3 
Average 
Percent 

Errors in sign 17.2 18.7 26.4 20.8 
Errors In arithmetic 17.2 35.4 32.0 28.2 
Errors in operation 
or method 29.0 19.6 12.9 20.5 

Errors in copying 19.9 10.8 6.7 12.5 

Totals ________ 83.3 84.5 78.0 82.0 

In the above summary the errors in operation or method 

were formed from a combination of incorrect operation, 

failure to form correct equation, lack of understanding, and 

difficulty because of incorrect order. 

Another Investigation in regard to the types of errors 

made In a ninth grade class in algebra was reported In 1932 

by MacRae and Iflil (21). This study, made In East High School, 
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Superior, Wisconsin, included 104 pupils with ages ranging 

from twelve to sixteen and with I. Qt5 ranging from 65 to 

134. The purpose of the study was to analyze specific 

errors most frequently made in the fundamental processes of 

algebra. 

The pupils were given the Otis test and then grouped 

as nearly as possible according to the results of the test. 

Some shifts were necessary on account of conflicts in sched- 

ule. The following figures show the groups as arranged: 

TABLE V 

Group Number in Average Range of 
group I. Q. I. Q. 

A 26 115.2 100-134 
B 28 108.3 85-126 
C 22 93.9 91-114 
D 28 87.7 65-102 

If a pupil received a grade of less than 90%, the errors 

were noted and extra drill work was given. In this work 

1312 errors were isolated, and the results reduced to per- 

centages. The authors gave the percentages or errors as 

follows: 

TABLE VI 

Errors in Sign 44.2% 
Errors in Process 40,5% 
Errors in Exponents 8.9% 
Errors in Arithmetic 6.3% 
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In an investigation concerning student difficulties 

in ninth grade algebra which was reported by the writer (i) 

in 1932, over three thousand errors made in test papers were 

isolated and classified. This study, which was made at 

Tillamook, Oregon, included about forty pupils, who were in 

two divisions ranked as "B" and "D", in a class divided by 

ability groupings into four groups A, B, C, and D. The 

Otis test was used in making the groupings. The errors 

from thirty-four tests, given to both divisions and scattered 

throughout the school year, were classified and recorded. 

The sunnnary of the investigation is given in the following 

table: 

TABLE VII 

Type of Error Per cent 

rrors in sign 24.1 
Errors in method 20.7 
rrors in arithmetic 15.7 
Errors in copying or because 
of carelessness 10.8 
Omitted the example 5.0 
Failed to reduce answer 4.7 
Incomplete solution 4.3 
Error in exponent 4.2 
Factoring error 3.4 
iirror in collecting terms 3.3 
iror in middle term in 
cross multiplying 2.2 

Omitted a letter 1.6 

Total 
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Arnold (1) gave a standardized test in algebra to two 

freshman classes in college algebra, checked the errors, 

and classified them with the following results: 

TABLE VIII 

Errors in sign transposition 25% 

Performing wrong operation in 
solving for the unknown 13 

Simple arithmetic errors 18 

Errors in clearing of fractions 12 
Errors in inverting fractions 9 

Errors in factoring 9 

Errors in substituting the value of x 5 

Errors in finding square root 5 

Incomplete solutions 4 

1ppø/ 

In comparing as nearly as possible the results of these 

foui' studies which have been reviewed, it can be seen that 

about three-fourths of all errors classified belong in five 

types; that errors in sign seem to be most frequent; errors 

in method, second; errors in arithmetic, third. A compara- 

tive table is given below: 

TABLE IX 

Type of Error Percentages from studies made 

i 2 3 4 
(973)# (1312) ? (3012) 

Sign Errors 20,8 44.2 25 24.1 
Arithmetic Errors 28.2 6.3 18 15.7 
Method or Process 
Errors 20.5 40.5 13 20.7 
Copying or careless 
Errors 12.5 10.8 
Exponent Errors 3.5 8.9 4.2 

Totals 85.5 99.9 56 75.5 
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# The numbers in parentheses indicate numbers of errors. 
1. Wattawa, 2. MacRae-Uhl, 3. Arnold,H.S., 4. Arnold, 13.T. 

2. Studies of the Causes of Algebraic Difficulties 

The studies and observations which have been made con- 

cerning the causes of algebraic difficulties are of three 

types: discussion of causes in general; causes of diffi- 

culties in problem solving; and causes of difficulties in 

reading mathematics. Two studies dealing with each type are 

reported here: the studies of Brueckner and of Judd discuss 

the general causes of failures in mathematics; two reports 

from the Third Yearbook discuss causes of difficulties in 

problem solving; and the studies of Osburn and Vattawa deal 

with causes of difficulties in the reading of mathematics. 

In a recent series of articles on the "Better Teaching 

of Arithmetictt, Brueckner (9) makes a number of statements 

whichseem to be just as applicable to algebra as to arith- 

metic. He gives the following as the chief causes of fail- 

ur e: 

Lack of mentality or native ability 

2. Physical handicaps 

3. imotional factors, such as fear of the teacher, 

dislike for the subject, faulty relationship with 

others in the group, and the like 

4. Faulty attitudes of the pupil toward his school 

work 

5. Pedagogical factors over which the school has some 



control 

Under this last item he points out as 

inadequate instruction, mass methods, 

some basic skill, gaps in the pupil's 

due to absence or to transfer. 

Dr. Judd in his "Psychological E 
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reasons for failure: 

pupil weakness in 

knowledge of processes 

planation of Failures 

of High School Mathematics" (is) says, "I once asked a nmn- 

ber of mathematics teachers, with whom I came in contact in 

a state survey in which I participated, to make a report to 

me with regard to the reasons why students fail in mathema- 

tics. The answers were very vague and general. Some said 

the pupils were inferior intellectually. Some said that 

the pupils were unprepared. If you call a physician to 

your home and he says vaguely tyoutre sick,' you say, 'We'll 

get somebody else.' You do not want to talk in general 

terms. If you are suffering from typhoid or pneumonia, you 

are not particularly interested in vague, general terms. 

You want to know what you have, because treatment will be 

different for different ailments--so different that any 

vague diagnosis will be of little avail. When we find 

algebra courses that fail 25 per cent of their pupils and, 

still worse, algebra courses where the failure is 50 per 

cent, we are facing a social situation which should be faced 

squarely. zither 50 per cent of the world is not competent 

to follow in your footsteps or you're not competent to in- 

vite them, and you ought to find out which is the true des- 
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cription of the situation." 

Later in the same address, the speaker says that one 

of the interesting things which he discovered after careful 

surveys was that pupils do not fail in all phases of mathe- 

matics, but only in certain places of the course. In other 

words, they get off the track and find it impossible to get 

back on again unless they have help. Since mathematics is 

a subject in which there is such great interdependence of 

topics, the pupil finds himself unable to resume his work 

with the class until the topic in which he failed is made 

clear to him. 

Dr. Judd feels that we rush the pupils along too rap- 

idly in order to cover the amount of material we are expect- 

ed to cover. The pupil whose span of attention is short 

finds himself lost, and is unable to continue with the 

following lessons unless he is "f ound" at the point where 

his attention was overtaxed. To quote Dr. Judd, "I do not 

know of any course where there is more misery because of 

lack of understanding than there is in mathematics." 

A number of studies have thrown light on this aspect 

of the remedial problem. The Third Yearbook (55:239) gives 

the following as the causes for failure in problem solving: 

"1. The language used is too difficult. 

2. Pupils have not had sufficient training in inter- 

preting thoughts from silent reading. 

3. Pupils lack understanding of the technical terms 



involved. 

4. The situations described by the problem are not 

understood by the pupils because outside of the 

experiences of the pupils. 

5. Fundamental combinations, facts, or processes 

called for in the solution of the problem have not 

become habituated. 

6. Pupils are unable to see relations between steps 

called for in the solution of the problem. 

7. Pupils are so burdened with undue labeling and 

elaborate indication of steps that their minds are 

diverted from the real process of the solution." 

Stevenson (35:239) lists the causes of failure in 

problem solving as follows: 

1. Physical defects 

2. Lack of mentality 

3. Lack of skill in fundamentals 

4. Inability to read, which of necessity affects 

ability to read with problems 

5. Lack of general and technical vocabulary 

6. Lack of proper methods or technique for attack- 

ing problems 

A critical examination of the above list of causes 

for failure in problem solving indicates that inability to 

read understandingly seems to be a basic reason for failure 
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to solve problems. Since reading difficulties may cause 

trouble in practically every school subject, it would be 

well at this time to point out the nature of these diffi- 

culties. One of the most complete lists of the difficulties 

encountered in reading is given by Osburn (24) thus: 

"1. Lack of vocabulary 

2. Failure to read or see all elements in the problem 

3. Failure to resist the disturbance caused by precon- 

ceived ideas 

4. Inability to read between the lines 

5. Failure to understand fundamental relations, par- 

ticularly those of the inverse type 

6. Failure to make a quick change of mental set 

7. Failure to generalize or transfer meanings 

8. Failure to interpret cues correctly 

9. Response to irrelevant elements.'t 

Difficulties in reading in mathematics are treated in 

a more general way but, at the same time, quite definitely 

in a quite recent article by Wattawa (38:277). She says, 

"Recent studies show that perhaps about twenty per cent of 

the failures in ninth year algebra may be attributed to the 

inability of the students to read their problems so as to 

understand them. . . . . . . . . Much of the pupil's success 

depends upon his retention of mathematical facts supposedly 

learned in the grades, and his acquisition of a mathematical 

vocabulary. . . . . . . . . It is fairly familiar to every 



teacher of mathematics that the statement of problems in 

the text is sometimes ambiguous. . . . . . . . . The read- 

ing difficulties which the poorer mathematics students en- 

counter fall into two main classifications, failure to com- 

prehend the conditions of the problem or understanding the 

problem, failure to read the numerals correctly. . . . . 

The problems contained in the standard algebra text- 

books are the target of much criticism; the charge is made 

that many of these problems are of little value in the 

situations of real life. . . . . . . The results of tests 

showed that relatively few pupils could successfully solve 

problems where insuffIcient or unnecessary data was intro- 

duced. They seemed to be unable to sift the facts which 

they needed from the mass of irrelevant data." 

Therefore, it seems, in short, that one would be safe 

in saying that the principal cause of problem solving 

difficulties can be traced to one thing--Inability to read, 

to read as that word is defined In the dictionary "to ob- 

serve and apprehend the meaning of something written, 

printed, or inscribed." 
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3. Studies Giving Remedial Experiments and Suggestions 

The student-bodies of the Pmerican secondary schools 

no longer consist of selected groups of students as they 

did in the past, but include students of all types of minds 

from the genius to the feeble-minded. Therefore the prob.- 

lems of those who teach have become increasingly complex. 

The traditional, standardized, narrow curriculum has been 

outgrown and must be replaced by a variable curricula which 

can be adapted to the needs of the present-day students. 

.verywhere educators have been struggling with this problem, 

striving to arrive at a satisfactory solution whereby this 

heterogeneous group can be given the education and training 

that they individually need. Fortunately some educators have 

recorded their experiences and experiments so that others 

may profit by them. 

In the subject of algebra, with which we are particular- 

ly concerned, many helpful reports of both observations and 

experiments have been recorded. Of the ones referred to in 

this discussion, the first three deal with the remedial 

program in a general way; the next three deal with the problem 

of teaching the low group; while the last two deal with 

specific phases of remedial teaching in algebra. 

Brueckner (10:147) says that the symptoms which indi- 

cato a need for remedial teaching are a change in the pupil's 

attitude, a loss of interest, and indifference as to the 
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outcome of his training. The necessity for remedial teach- 

ing, he declares, indicates an emergency situation. The 

three things which he considers essential in a remedial 

program are: "Developing a purposeful co-operative attitude 

of the pupil; correcting minor deficiencies due to temporary 

difficulties or specific gaps in training; and general re- 

teaching in cases which exhibit such serious deficiencies 

that a restudy of essential fundamentals is necessary." 

Dr. Judd (18:192) emphasizes the necessity for more 

explanation in the teaching of mathematics. He says, "I 

have seen a great many high schools in my day and I have 

visited a great many classes in algebra and geometry. I 

believe that there is too little explanation and too much 

demand that pupils supply the explanation at the difficult 

points. My plea to you is that you make enough tests so 

that you know where the difficulties are. Help the student 

to see how to meet difficulties; help him when you see that 

he is losing out. Mathematics should be an explanatory 

subject and not an exacting demand on your pupils." 

One of the means employed to overcome the difficulties 

connected with the teaching of a heterogeneous group of 

students has been the grouping of the students into what 

are called ability groups. Quite recently, Mabel Sykes, 

(M), who was on sabbatical leave of absence from one of 

the high schools of Chicago, conducted a private investi- 

gation of methods being employed to deal with individual 
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differences. After conducting a study including over fifty 

schools, she says that ability grouping seems to be the 

most general method of dealing with individual differences, 

and that differentiated assignments, individual instruction, 

and special help for slow or failing pupils or for repeaters 

are the other chief methods used in these schools. 

One way of handling the method of differentiated 

assignments was reported recently by Johnson (17). He re- 

ports a technique which has been tried and found successful 

in the Chicago Normal College for the past six years. He 

calls it the Differentiated Subject-matter Method. Under 

this plan the subject matter is differentiated into three 

levels of difficulty known as set C, set B, and set A. In 

set C is placed all material in a unit which is considered 

as essential. This set is assigned to the whole class when 

a unit is first assigned. This is followed by a test. 

Those pupils who pass the test i00% pass on to set B, while 

those who do not pass the test 100% do more work on the set 

C, and take a second test over the set the next day. The 

pupils who still do not pass the test perfectly the third 

day continue the study of set C, while those who did pass 

may go on to set B, and those who have done set B may pass 

to set A. Thus the slow pupil has time to really get the 

minimum essentials while the quicker ones are being kept 

busy and Interested in more advanced problems of the same 

unit. It was the intention not to give daily grades, but to 
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give grades of C, B, and A to the pupils who finish sets 

C, B, and A respectively. Pupils who pass the tests 100% do 

corrective work for the pupils who do not pass. 

among the advantages claimed for the plan are: (1) it 

is democratic in that it gives every one the same chance in 

every unit; (2) it reduces failures in that the slower 

students are helped in corrective work and given more than 

one test; (3) it secures the best attention during presen- 

tation and reduces careless errors because each pupil is 

held to i00% mastery on the test. 

Another method used in handling the problem of teaching 

the low group is to give them a limited course of study. Hil- 

degarde Beck (3), of the Northwestern High School, in De- 

troit, Michigan, in a recent article, tells how the committee 

appointed by their school psychologist, Dr. Baker, handled 

the problem of teaching algebra to the larger numbers of 

pupils attending the school. This committee decided upon 

ability groupings with a limited course of study for the 

lower, or Z, group. This course of study included (i) graph- 

ing; (2) formulas; (3) solving of equations; (4) evaluation 

of simple algebraic expressions; (5) finding unknown dis- 

tances by scale drawings; (6) finding unknown distances by 

similar triangles; (7) Hypotenuse rule or law; (8) positive 

and negative numbers. A great deal of arithmetic drill 

was to be included in the course. Although the project 

was still in the experimental stage, they reported 

that they could "noto a closer co-operation of all agencies 
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concerned in adjusting the schools to the needs of the 

pupils . 

One of the unsolved problems confronting the teacher 

of mathematics today is to find suitable subject matter to 

use in teaching this low group. Dr. Schorling (28), of the 

University of Michigan, recently made a report for the corn- 

mittee on Individual Differences appointed by the National 

Council of Teachers of Mathematics. In this report he states 

that the ability grouping plan is very definitely accepted 

in many of the larger school systems of the United States 

and that nearly all are, at present, engaged in trying to 

find a usable course of study giving materials and methods 

suitable for the different groups, particularly the slow 

group. They issue a call to those who are already working 

in this field to send in to the conirnittee suggestions as to 

the best ways for the committee to proceed. They give four 

suggestions to those who are attempting to write units for 

these slow groups. These suggestions are that the unit be 

not designated as for any particular group; that it be built 

from the ground up, specifically for slow groups and without 

any textbook references; that it include a supplement in 

which two things should appear: (a) a specific list of 

objectives on which mastery is to be achieved--this is in- 

tended for guidance to the teacher, (b) a carefully con- 

structed test covering the unit. 

If the response of the teachers to this call of the 
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National Committee is ample and pertinent, there is no doubt 

that within a reasonable period of time the slow group may 

be provided with a course in mathematics which will be much 

better suited to their needs and abilities than the courses 

with which they have been struggling in the past. 

Throughout all the process of revamping the course in 

algebra and of searching for new methods of presenting the 

material, there is invariably one question which keeps 

coming up to be settled anew-- shall we expect the slow group 

to be able to solve the verbals? In the course of study 

which was planned for the low group by the Detroit committee 

(3), the solving of equations was included in the course, 

but not the making of equations from the verbals. In the 

Third Yearbook, Knight and Buswell (35:248-249) state that 

problem-solving is one of the most serious sources of non- 

promotion and that excellence in problem-solving is an 

infallible mark of general intelligence. For remedial 

instruction they suggest exercises stressing: vocabulary, 

problem comprehension, what is given in the problem, what is 

called for in the problem, the estimation of answers, the 

choice of procedure, and the relationships in the problem. 

They give examples of remedial drills for the seven exer- 

cises suggested. These suggestions were tried out in an 

experiment conducted at the City Normal School in Chicago 

in 1927, (35). Under the direction of Miss Caragher, a 
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critic teacher, a 6B-2 arithmetic class of 25 pupils re- 

ceived fifteen minutes remedial drill each day for twenty 

days. Diagnostic tests were used at the beginning and at 

the end of the experiment to determine the individual dis- 

ability and to measure the results of the experiment. 

From the diagnosis made from the results of the first 

test the class was regrouped each day as was necessary. 

Children who did not need the remedial drill any particular 

day spent the time doing written work on extra problems. 

Five hours class time was spent altogether in the experiment. 

The final test showed that the whole class, with one excep- 

tion, had gained. They had increased from a median of 36 

before the drill to a median of 50 after the drill. One 

individual had increased from 40 to 73 as a result of the 

remedial drill. 

If the failure to solve problems should be duo to in- 

ability to read understandingly, the suggestions for remedial 

work in reading, made by Wattawa (38:279-282) will be of 

value. She says, "Psychologists admit that the reading of 

numerals makes unusual demands upon the reader, and offer 

as a possible explanation that the combinations of numerals 

in digits are different, while the combinations of letters 

in words remain stable. Statistical clerks commonly use a 

straight-edge to indicate the line they are following across 

a page, when they copy or read numerals. Even a poor prose 

reader does not need to do this. It is also known that the 
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reading of numerals combined with words involves a different 

procedure than the reading of isolated numerals. Investiga- 

tion has shown that the numerals of a problem make greater 

demands on a reader than do the accompanying words. Experi- 

mentation with adults has shown that they ordinarily read 

and re-read a problem. The first reading is for fixing in 

their minds the conditions necessary for the solution of the 

problem, and the second reading is to perceive the numerals. 

Two ranges of perception are noticed. Shorter numerals and 

familiar ones receive whole first readings while longer 

numerals receive partial readings. However, all subjects 

re-read the numerals when they begin the solution of the 

problems. Evidently, children should be taught to read in 

this fashion. When some children read problems, there is 

a tendency to neglect all but the figures involved, and they 

do not read and re-read. They should be trained to neglect 

the quantitative elements until they comprehend the meaning 

of the words. There is a recent movement to teach grade 

children reading in this maimer. It might be well to adopt 

this idea in high school classes, if there are pupils who 

have difficulty in understanding problems. 

In a comparatively new textbook, (Lundquist:Modern 

Arithmetic), the author suggests a scheme for drill in 

silent reading of arithmetic problems; the idea might 

possibly be of use in ninth year algebra classes. He 

suggests having cards, on each of which a different problem 



is written. These cards are to be 

members of the class. Each child 

ly, then tells it in his own words 

the class, and then all attempt to 

the re-statement. 

The problems contained in the 
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distributed among the 

'eads his problem silent- 

to the other members of 

solve the problem from 

standard algebra text- 

books are the target of much criticism; the charge is made 

that many of those problems are of little value in the 

situations of real life. . . . . . It might be possible to 

introduce into the algebra classes problems which in them- 

selves would be more interesting. Of what value is a 

problem like this, ttOne man is twice as old as another. The 

suhl of their ages 12 years ago was the sum of their ages 

12 years hence. How old are Where except in an 

algebra class would such a situation as stated in this 

problem exist? Surely at the present time when our schools 

are being subjected to the closest kind of scrutiny we can 

no longer find justification for material taught in our 

mathematics classes which has little or no value. There 

has been a decided change in the material presented in 

some of our newer aritbmetic textbooks, . . . . . . In 

these books are included problems about our state and 

national governments, our business organizations, great 

industries, and transportation. There are problems which 

teach the metric system and the inter-relationship of 

mathematics and science. Even facts from the lives of our 

great men are skillfully woven into problems. The intro- 



duction of material of this sort into the teaching of alge- 

bra would surely be a rather radical departure from the 

traditional program. However, it might win the favor of 

critics who feel that the subject has little to commend it. 

More important than this it might really make the teaching 

of algebra more vital, 

If a teacher were interested in studying the reading 

disabilities of an algebra class, the first thing to do 

would be to keep a record of the particular words or para- 

graphs that the class has difficulty in understanding. Then 

a record might be kept of the problems the class likes and 

ofthose in which they manifest little interest. It is only 

by proving in what respects the present course is poor, that 

a newer, more constructive program can be organized. The 

teacher might devote class time to silent reading as well 

as to oral reading, and perhaps might make some test of the 

ability of the students to read algebraic problems before 

and after the trial. Finally, by omitting topics of no 

vital importance like the finding of the square roots of 

algebraic polynomials, work problems, river problems, age 

problems, she might find time to experiment with some of 

the newer problems of the type mentioned,' 

Studying these experiments and suggestions of author- 

ities in the mathematics field, has demonstrated: (i) that 

the pupil symptoms which indicate a need for remedial 
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teaching are a change of attitude, a loss of interest, and 

indifference as to the outcomes of training; (2) that the 

essentials in a remedial program are to develop a co-opera- 

tive attitude on the part of the pupil, to correct minor 

deficiencies, and to reteach the unit in case of serious 

deficiencies; (3) that one of the causes for deficiencies 

is too little explanation on the part of the teacher; and 

(4) that some of the means and methods being used in doing 

remedial teaching are the grouping of the pupils according 

to ability, the use of differentiated assignments, the 

giving of a limited course of study to the low group, and 

the definite treatment of definite types of difficulties 

through diagnosis and specific reteaching or drill. The 

specific types treated in this thesis were difficulties in 

problem solving and difficulties in the reading of mathe- 

matics. 

4. Studies Showing Results of Remedial Teaching 

There is abundant evidence in educational literature to 

prove the value of a program of remedial teaching both 

to the pupils and to the school. Results showing the 

success of such projects have already been cited: (i) in 

the experiment reported by Johnson, (17), in which he 

stated that the remedial plan used reduced failures and 

reduced the nmnber of careless errors made by the pupils; 

(2) in the report of the project carried out at the Chicago 
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Normal School (35), in which the experimenters used Knight 

and Buswell's suggestions for remedial teaching in problem 

solving and found a decided gain in the ability of the 

class to solve problems; and (3) in the experiment in reined- 

ial teaching of algebra reported by MacRae and Uhi, (21), 

in which their conclusions were that the specialized drill 

did reduce the pupil difficulties and that ail pupils 

acquired increased ability or improved attitudes, while the 

low ability groups avoided failure. 

In the three other studies reported here the investi- 

gators have stated very definitely the results of their 

experiments. Guiler (13) recently reported an experiment 

made to show the ttlmprovement and Permanency of Learning 

Resulting from Remedial Instruction." The experiment was 

conducted with freshmen at Miami University in Oxford, Ohio. 

The group used as a control group ranked higher in general 

intelligence than did the four groups in which the remedial 

instruction was given. The groups were all given tests in 

four phases of grammar at the beginning of the experiment. 

Six months after the remedial program was completed as 

many of the students as could be reached were re-tested. 

Then eighteen months after the experiment was completed 

they were again re-tested. The following conclusions were 

drawn from the three tests: 

(i) Both groups improved much. However, the remedial 

groups made more marked progress than did the group taught 

by the traditional method. 
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(2) In each unit except in capitalization the remedial 

groups retained more of what had been learned than did the 

other group. 

(3) The effect of intelligence on ability to profit by 

remedial instruction varied with the units in which remedia- 

tion was attempted. 

(4) The marked improvement and the permanency in learn- 

ing was probably due to the fact that the students' diff i- 

culties were individually diagnosed and to the further fact 

that remedial instruction and practice were focused on 

individual needs. 

Another experiment in which the results are very def- 

initely stated was conducted by Stokes (33). His experi- 

ment was carried out at the New Trier Township High School 

at Winnetka, Illinois. His school was in no way connected 

with that of Mr. Washburne of Vinnetka fame. Mr. Stokes 

had been watching the Winnetka experiment, and wished to 

see whether or not the saine technique could be adapted to 

secondary school work and especially to the teaching of 

algebra. The experimental groups consisted of a slow group 

and a normal group as classified by the Otis classification 

and by teacher judgment. The work was carried on somewhat 

on the contract plan. Practice exercises, which were self- 

corrective, were given and then followed by a mastery test. 

Progress was strictly individual and was accompanied by a 
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great amount of individualized instruction. The technique 

called for (i) the reorganization of the materials into 

very definite units of achievement, (2) the units being 

seir-instructive and self-corrective, and (3) a complete 

program of diagnostic testing. 

After conducting the experiment for two years, Stokes 

says, s'The results of the experiment when evaluated on the 

basis of measuring attainments by perforrnrice on two of the 

best-known and most popular standardized tests, and also on 

the basis of time spent, show that there has been improve- 

ment over the traditional procedure. They show that the 

normal pupil under individualized instruction may attain 

the same or even better standards of success than other 

normal pupils under group instruction, and do it in one 

and one half-months less time. Also they show that the 

slow pupil under individualized instruction can really 

learn algebra; that he may surpass the attainments of other 

slow pupils and in some instances may equal or surpass the 

standards established by the thousands who were selected at 

random for the purpose of giving us a measuring instrument 

and that he may do it in one and one-half months less time." 

The results of "A Comparison of Two Methods of Teaching 

First Year High School Algebra" were reported recently by 

Gadske (12). The experiment included one-half of a fresh- 

man class of one hundred in the high school at Carbondale, 

Illinois. The pupils were divided into two groups equated 
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as nearly as possible by means of the Otis Group Intelli- 

gence Test, the New Stanford Arithmetic test, and the New 

Stanford Reading test. In one group, known as the Control 

Group, the traditional method of teaching was followed. 

Lectures, demonstrations, daily assignments and group reined- 

ial teaching were given. In the other group, knovm as the 

xperimental group, the unit method with individual progress 

was followed. Each pupil was given a copy of unit assign- 

ments covering the entire course. ach assignment stated 

the purpose; gave a preview or sample set of examples; 

designated clearly and exactly the work to be done, and the 

order of work as well as when tests were to be taken; and 

designated definite directions for a thorough review to be 

followed by the mastery test. The class was brought to- 

gether for the preview and for the mastery test, while the 

time between was used for individual work on the unit and 

for remedial teaching. 

The conclusiorof Gadsko were: 

(1) that the experimental group with individualized 

unit method made greater achievement; 

(2) that the superior pupils accomplished more than 

they did in the control group; 

(3) that the slower pupils seemed less discouraged duo 

to the element of fair play and motives for self-reliance; 

(4) that the experimental group showed greater retention; 

(5) that the individual unit method Is more efficient 
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because it saves time in daily assignments, it saves time 

for the slower pupil, and it saves time for the gifted 

pupils; 

(6) that this method is adapted to any conventional 

secondary school without reorganization; 

(7) that a more congenial intimate relationship seems to 

be established between teacher and pupil than in the group 

method. 

Of the six experiments reported here, five stated that 

remedial teaching resulted in increased ability of the 

pupils; three stated that there were fewer failures; three 

said that the knowledge gained was more permanent; and two 

asserted that the pupil errors or difficulties were reduced. 

Evidence of the value of remedial teaching is quite con- 

clusive. 
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Chapter II 

THE REMEDIAL PROGRAM 
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The Experimental Set-up 

This study was carried on with a ninth grade group 

in the junior high school at Tillamook, Oregon. The school, 

which usually enrolls between two hundred and two hundred 

fifty pupils, is organized on a plan of ability grouping. 

The seventh and the eighth grades are divided into two 

groups each and the ninth grade into three. Approximately 

two-thirds of the ninth grade are promoted from the eighth 

grades in our own system, while the other one-third enter 

from the eighth grades of the neighboring country schools. 

In this study the writer has attempted to set up a 

diagnostic and remedial program in connection with the 

teaching of algebra to the slowest of the ninth grade 

groups. The two other divisions of the ninth grade were 

made as large as was possible considering the size of the 

classrooms, and less than one-third of the group was as- 

signed to the slow division. As new pupils entered school 

later, they were usually assigned to the slow division, 

since the two other divisions were already large. For this 

reason the group was more heterogeneous than is desirable 

in an experiment such as this. 

The Otis Self-Administering Test of Mental Ability was 

used to determine which pupils were to be assigned to each 

of the divisions. The I. Q. of the pupils assigned to the 

experimental group ranged from 64 to 113, with a median 

score of 96; only one score was over 109. The Thorndike- 
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McCall Reading Test, which was given to the group, showed 

scores very closely paralleling those of the Otis test. 

The range of scores was from 55 to 112, with a median of 

95; only three scores were over loo. 

The experimental group followed the regular course of 

study as planned for first year algebra in the state course 

of study. In most of the units the class was not expected 

to cover all the exercises given in the course, but were 

assigned the simpler exercises in most of the topics, and 

covered thoroughly the topics necessary to the study of the 

ones which followed. Just as in the third semester of 

algebra, the class reviews the topics already studied in 

the first and second semesters and adds to their previous 

knowledge more difficult exercises and cases, so the 

average and accelerated sections of this grade covered more 

difficult exercises and perhaps a few topics which the lower 

section dd not attempt. As stated before, this lower 

group was a somewhat mixed group. For this reason some 

pupils in the group did more exercises and made much better 

records than did the rest of the group. In a large school 

system this mixing might not be necessary, but in very small 

school systems the class would probably be even more 

heterogeneous than the one cited here. 

The general teaching plan for any unit was to make 

the preliminary explanation of the topic and then assign a 

practice lesson. The schedule called for a full hour class 



period, part of which was to be used for supervised study. 

This gave opportunity for individual instruction during a 

part of the hour. The next class hour a preliminary test 

was given and analyzed to determine the effectiveness of 

the previous day's explanation. 

A test, usually of ten problems, was prepared for each 

unit of work. As the test papers were scored, the frequency 

of each type of error was noted on the paper and a chart 

record made showing the type of error and the problem in 

which the error was made. From a study of the chart it 

could be determined whether any particular problem had given 

much trouble to the whole class and in what way it had 

given trouble and also whether any individual pupil was weak 

in the whole unit. 

The symbols used for a given error were the same In 

all tests and are given In the following table. 

TABLE X 

SBOLS USED IN THE CORRECTION OF 
ALGEBRA PAPERS 

a aritbmetic error 
c careless error; such as, copied wrong 
et error in collecting terms 
e exponent error 
f factoring error 
i incomplete 
m used wrong method, or didn't understand the 

method 
o omitted the problem 
01 omitted a letter 
mt middle terni error in multiplying binomials 
r reducing error, or failed to reduce 
s error in the use of the sign 
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The papers were returned to the pupils and the marks 

explained. With very few exceptions the pupils were much 

interested and attempted to correct their own weaknesses, 

especially in such things as "copied wrong", "carelessness", 

and "wrong use of signs". A wall-chart record of total 

number correct for each test was kept and served to most of 

the pupils as an incentive to strive for more accuracy and 

carefulness. Although few daily grades were given, the 

group sensed the need for drill and prepared the daily 

assignments well. 

Below is given an example of the tabulation of the test 

results. The letters used In the table are the symbols for 

the types of errors, and are the same as given in the list 

above. 

TABLE XI 

ADDITION 

Pupil i 2 3 4 5 6 7 8 9 10 Tot. correct 
bIB s 9 
GE s s 8 
BG 

a s 

s 

- s a 

s 

a 
a 7 

5 RH 
Gli ol a a m n 5 
MJ a a ii n 3. m in 2 

5 JL s e s a m 
RL a s n o 6 
HM a 

--- s - s C c 

a 

7 

6 : 

GP ol ol cl e a n in 3 
v_ a 

ol 
01 
s 

a 
s 

a c 

a 

C 

a 
3 

5 JR 

AS ol 01 01 c c 5 
RS a 9 



TABLE XI Con't 

ADDI TI ON 

Pupil 1 2 3 4 5 6 7 8 9 10 Lot. correct 
CS a s 8 

LT a o 8 

EV s 

a s 

s 

s 01010 0 

8 

3 NW 
HW a a n 7 

MTh e e e e e e e s 2 

JW a a 8 
MWi _________________________- o 9 

____ 3 117 9 7 9 6 1316].q 

_______ ______________________ Median 6.99 

The test from which these results were obtained is given 

below. 

1. 2x+3y+z 
3x 4y - 2z 
2x + 5y + 4z 

2. 7a-6*3e 
-Ba + 5 - 2e 
-3a + 4 + 3c 

Addition Test 

6. 3a2 f. 5e2 - 8 
2a2 + 42 + 10 

-13a2 - 8e2 - 12 

7. 4a t 5b 4 6 
4. 4b - 10 

-6a - 3b + 15 

3. 3a-5b+4c 8.-9+6a-3b 
-6a - 7b - 5e -10 + 7a + 5b 
43a+8b-Gc 6+4a-Sb 

4. 8a2 4. 62 3 4d2 9. 6a2 4- Sb2 - 3 - 5b2 
$a2 9e2 - Bd2 .f.7a2 .. 8 # 3a2 

-9a2 4e2 - 3d2 

5. 5b2+8c2+ d2 10. 8a+5b+6-746a 
-7b2 - 8e2 4 3d2 -Sb 4 6a 
3b2 .. 5e2 - 6d2 

Frther discussion of this test will be found later under 

the topic t?Diagnosis of Algebraic Difficulties". 

The remedial program will be discussed in the follow- 

Ing phases: 
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(a) Arì analysis of the skills desired 

(b) Diagnosis of the difficulties 

(e) Causes of the difficulties 

(d) Remedial measures employed 

(e) Measurement of the results of remedial teaching 
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An Analysis of Algebraic Skills 

Before one is able to diagnose the difficulties in any 

given subject it is necessary to decide what are the basic 

unit skills of that subject. Several educators have at- 

tempted to analyze algebra into its unit skills. Thorndike 

(36) emphasizes the following: 

To understand formulas; 

To evaluate a formula by substituting numbers and 

quantities for some of its symbols; 

To rearrange a formula to express a different re- 

lation; 

To compute with line segments, angles, important 

ratios, and decimal coefficients; 

To understand simple graphs; 

To construct such graphs from tables of related 

values; 

To understand the Cartesian co-ordinates so as to 

use them in showing simple relations of y to x 

graphically; 

and to these skills he adds: 

Ability with equations; 

Ability with problems. 

Pressey (26) in a recent article analyzed the skills 

of algebra thus: "The terms of geometry are needed by many 

students not at all, inasmuch as they do not take the sub- 
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jects in which geometric concepts are necessary. But there 

is a much more general need for certain of the fundamental 

concepts of algebra, in order that students may handle the 

formulae and equations given them in the sciences. The 

list of fundamental concepts as finally determined includes 

the following items: coefficient, unknown, numerator, de- 

nominator, exponent, square, cube, power, expression, term, 

root, radical, square root, expand, binomial, factor, ab- 

scissa, ordinate, graph, origin, quadratic equation, simul- 

taneous equation, simple equation, transpose, bisect, hypot- 

enuse, right angle. 

. . . s . . . . . . . s e . . . . . . . 

In addition to understanding the meaning of a formula a 

student must know how to use it. The chief skill in this 

matter is the substitution of values for its symbols.t' She 

also says that the "need of our freshmen in mathematics 

includes: 

(a) a knowledge of certain commonly appearing units of 

measure; 

(b) an understanding of the use of formulae; 

(e) skill in handling integers, decimals, common frac- 

tions; 

(d) ability to use the fundamental processes in algebra 

and those commonly required in solving equations; 

(e) the possession of certain concepts, chiefly in 

algebra." 
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She lists the algebra skills as follows: 

"A General Processes 

Addition 

Subtraction 

Multlpl4. cation 

Division 

Square Root 

Other Roots 

Square s 

Other Powers 

B. Processess Occurring In connection with Equations 

and Problems 

Transposing 

Factoring 

Proportion" 

Lennes (20) presents the following list of require- 

ments of a first course in algebra: 

(i) Algebraic notation and the order of indicated 

operations including the formulation and eval- 

uation of formulas. 

(2) The four fundamental operations on algebraic 

expressions. These involve a very considerable 

amount of factoring. 

($) A treatment of signed numbers based upon con- 

crete situations to which these numbers are 
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applicable. This includes the fundamental opera- 

tions on such numbers. 

(4) The solution of equations in one unknown in the 

first degree. 

(5) The solution of sets of two or three first- 

degree simultaneous equations. 

(6) Some work in handling radical expressions. 

This usually includes something about fractional, 

zero, and negative exponents. 

(7) Solution of a large number of verbal problems 

(story problems) in which these various topics 

are used. 

(8) Solution of the simplest quadratics. 

Everett (il) in his treatise "The Fundamental Skills 

of Algebra" recognizes manipulative skills and the funda- 

mental skills of understanding to which he gives the name 

associative skills. He says, "Abilities in the application 

and organization of manipulative skills, rather than the 

mere skills themselves, seem to be most rare and difficult 

to attain." 

Under the subject of "Directed Numbers" he discusses 

the manipulative and associative skills of Addition, Sub- 

traction, Multiplication, and Division. He emphasizes 

particularly the associative skills and suimnarizes them as 

follows: 
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"Outline of Associative Skills of Ninth Grade Algebra 
Number of Skills Character 

Directed Numbers 

6 General Meaning 

2 Addition 

i Subtraction 

4 Multiplication 

i Division 

Algebraic Interpretation 

14 Fundamental Operations 

General 

2 Line Graph 

Equations 

7 Linear 

i Systems 

3 Quadratic" 

He says that the reason he emphasizes the associative 

skills is that they are not as numerous as the manipulative 

skills, but that they give purpose and direction to these 
skills; that they put meanings into operations by inquir- 

ing into the significance of the relations between the 

number ideas that compose the algebraic situations; and that 

they provide the pupil an opportunity to check on his own 

conclusions. 

Breslich (4) speaks of the objectives of teaching 
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secondary-school mathematics as "powers", "appreciations", 

"understandings", "attitudes", "habits", and "skills". He 

lists the algebraic powers thus: 

(i) To understand reading in current literature con- 

taming algebraic statements and facts 

(2) To use algebraic symbolism 

(3) To understand and use the language of algebra 

(4) To perform the fundamental operations of algebra 

with positive and negative numbers 

(5) To perform the fundamental operations with mono- 

inials and polynomials 

(6) To perform the fundamental operations with frac- 

t ions 

(7) To combine and decompose polynomials, e.g., to 

factor polynomials of the form ax2 + bx + e, in- 

eluding the special case a2 4. b2, and to factor 

polynomials having a factor common to all terms 

(8) To understand and use formulas 

(9) To solve formulas for a given letter 

(io) To evaluate formulas 

(il) To translate verbal statements into formulas 

(12) To represent formulas graphically 

(13) To express quantitative relationships algebraic- 

ally 

(14) To analyze problem situations 

(15) To analyze relationships of quantity 



(16) To solve problems by algebraic methods 

(17) To solve linear, integral and fractional equations 

(is) To solve simultaneous linear equations algebraic- 

ally and graphically 

(19) To solve quadratic equations algebraically arid 

graphically 

He lists the following as appreciations to be developed in 

algebra: 

(a) Of the value of algebraic notation and symbolism 

(b) Of the value of algebra as a tool for solving 

problems 

(c) Of the power of the formula and graph 

Understandings in algebra he lists thus: 

(a) The fundamental concepts of algebra, such as the 

literal number, the negative number, the equation, 

the formula, and the exponent 

(b) The laws of algebra with literal numbers 

(e) The laws of algebra with positive and negative 

number s 

Of skills he says "skills in algebraic processes." 

The objectives given in 1932 by the Oregon Textbook 

Conunlsslon (31) are as follows: 

(i) To lead pupils to understand and appreciate the 

usefulness and value of the subject from the standpoint of 

Its practical application in the industrial, scientific, 
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and other fields of life. 

(2) To lead pupils to understand that algebra is a con- 

tinuation and an enlargement of the field of mathematics 

which was begun in arithmetic; that it develops further 

power both to represent and to interpret quantitative re- 

lationships by formulae and equations. 

() To maintain and increase the fundamental skills of 

arithmetic and to add to these an understanding of, and 

skill in the use of, literal and signed numbers and finally 

to further the pupils problem solving ability through the 

use of the newly acquired tools of formula, graph, and equa- 

tion. 

(4) Since a knowledge of algebra is a prerequisite to 

certain courses for vocational and professional training, 

it follows that the final objective in teaching the subject 

in high school is an assurance that the type and amount of 

work offered in the proposed course will meet the demand in 

this connection. 

In table 12, the writer has attempted to compare as 

nearly as possible the objectives and the skills as listed 

by the authorities which have been quoted above. 
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TABLE XII 

A COARATIVE TABLE OF ESSENTIAL ILLS 

Objectives of Skills T P L E B 

Algebraic Symbolism x x x x x 

Algebraic Language X X X X 
Fundamental Operations 
with signed numbers X X X X X 

Fundamental Operations 
with Monomials and 
polynomials X X X X X 

Simple Factoring x x x x 

Ikindamental Operations 
with fractions X X X 

Use and Understand For- 
mulas X X X X X 

Evaluate Formulas x X X X 
Rearrange letters in 
formulas X X X 

Make Equations from 
verbals x x x x 
Graph Formulas x X X X 
Analyze Problems x x X 

Analyze Relationships 
of quantity x x 

Solve Problems x x x 
Solve Linear Equations x x x x X x 
Solve Fractional Equa- 
tions X X X X 

Solve Simultaneous 
Equations x x x X x x 
Graph Simultaneous 
Equations x x x x 

Solve Quadratic Equa- 
tions X X X X X 
Graph Quadratic Equa- 
tions x X x 

Square Roots x 
Powers x 
Express Quantitative 
relationships x x x x 

Handle Simple Radicals X 
Handle Zero and Frac- 
tional_Exponents 
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# T--Thorndike, P--Pressey, L--Lennes, E--iiverett, 13--Bres- 
lich, S--Objectives stated by Oregon Textbook Commission. 

The skills which are to be developed in the study of 

algebra would vary somewhat depending on the ftture use 

which was to be made of these skills. For the pupils who 

are not mathematically-minded such skills as tend o in- 

crease their arithmetical skills and such additional skills 
as will give them better understanding of the graphs, the 

formulas, the scale drawings, and so forth which appear in 

papers and magazines, would surely be the practical ones to 

develop. For the pupils who will continue their studies in 

mathematics, a larger number of skills are necessary. The 

following would seem to be a minimum list: 

1. Ability to "read" algebraic language 

2. Ability with a formula 

a. To understand 

b. To write as a formula a statement expressing 

relations 

e. To evaluate a formula when values are given 

3. Ability to add 

4. Ability to subtract 

5. Ability to multiply 

6. Ability to divide 

7. Ability to factor (simple trpe) 

8. Ability with fractions 

a. To reduce 
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b. To add 

c. To subtract 

d. To multiply 

e. To divide 

9. Ability with equations 

a. Simple 

b. Fractional 

c. uad.ratic 

d. Systems with more than one unknown 

10. Ability to square and to take square root 

11. Ability to use and understand integral exponents 

12. Ability to handle simple radicals 

a. To simplify 

b. To add or to subtract 

c. To multiply or to divide 

13. Ability to graph 

a. To make graphs 

b. To interpret graphs 

14. Ability to make verbals Into equations 
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Diagnosis of Algebraic Difficulties and Errors 

The next step in the remedial program is to make a 

diagnosis of the difficulties encountered by a beginning 

algebra class. In planning this study, the writer divided 

the subject into units, gave diagnostic tests over these 

units, analyzed the tests careftily as to types and numbers 

of errors, and tabulated the results. In the analysis of 

the tests there gradually developed the system of symbols 

which has already been explained. (See page 42.) The 

system was found to be very helpful not only to the teacher 

but to the pupils as well. Remedial work was much more 

easily carried on because of it. The same system of marking 

has been followed for three semesters. In this diagnosis 

the results of the previous study, which included two sem- 

esters' records, will be briefly reviewed and simimarized; 

the results of this new study will be given; the results of 

the two studies will be compared; and an illustration of the 

diagnosis of a particular test will be made. 

In the previous study records were kept of thirty-four 

tests given to from thirty-five to forty pupils during the 

school year of 1931. and 1932. The records were summarized 

at the end of each twelve weeks of the school year. The 

table given on the next page shows the percentage of the 

different tes of errors for the twelve-week periods and 

the average percent of each type for the entire year. 
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Summary of a Year's Study of the Errors 

Made by a First-year Algebra Class 

TABLE XIII 

Type of Error Twelve-week Periods verage for Yeai 

2 3 ____ 
29.6 23.9 18.9 Wrong Sign 24.1 

Wrong Method 20.0 15.6 26.7 20.7 

Arithmetic 19.6 9.6 17.9 15.7 
Carelessness 9.0 12.5 10.9 10.8 

Omission of 
Problem 5.8 4.7 4.4 5.0 
Failure to 
Reduce 0.0 9.1 4.9 4.7 
Incomplete 1.2 4.4 7.2 4.3 
Error in Use 
of Exponent 8.2 1.8 2.6 4.2 
Factoring 
Error 0.3 10.0 0.0 3.4 

Colle cting 
Terms 0.0 5.5 4.3 3.3 

Middle Term in 
Cross Multiply- 
ing 5.9 0.8 0.0 2.2 

Omission of a 
Letter 0.4 2.1 2.2 1.6 

100.0 100.0 100.0 100.0 _________________ 

In summarizing the data collected, the three groups 

into which it was divided included: first, the fundamental 

processes of addition, subtraction, removal of signs of 

grouping, multiplication, division, factoring, and the 

transposition of quantities in simple equations; second, 

the work in fractions and simple equations, some of which 

involved the use of fractions, while others were in the 

form of formulas; and third, the square root of both arith- 
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metical and algebraic quantities, the handling of radical 

quantities, and the solving of quadratic equations. In 

general, the divisions follow pretty closely the time div- 

isions of the school year--each including just about the 

work covered in a twelve-week period. 

From a careful study of the records shown in the table 

it would seem that there was equal need for more effective 

drill to produce skills and for more careful, sequential 

teaching to bring about better understanding. 

In the present study records were kept of twenty-six 

tests given to some twenty to twenty-five pupils during the 

first semester of the school year of 1932 and 1933. As 

stated before this study was made with the slowest division 

of three divisions in first-year algebra. The I.Q. of the 

group studied ranged from 64 to 113, with a median score of 

96 and only one score over 109. (See pages 38 to 40.) 

The table on page 56 gives a summary of the errors isolated. 

In the tests summarized in the Table XIV, all, except 

where indicated to the contrary, contained ten exercises 

to a test. For many of the units the results of both 

the preliminary and the mastery tests are given. The results 

shown for factoring are the combined results of ten sep- 

arate tests, some over particular types of factoring and 

some over mixed exercises in factoring. 



TABLE XIV 

A Second Study of Typs of Errors 

I 

Made by a First-year Algebra Cias 

Units TypesofErrors ITotal Class Median 

Sign .ethod Arith- ICareless- Collect- In- Expon- Middle Term Factor- 
_________ 
Omission 

__________ 
Omission 

metic ness ing Terms complete ent in Cross Nui. ing of Letter of Problem 
_____ ______ ______ _________ __________ work tiplication 

23 22 11 1 

_______ 

3 Evaluation 60 7.99 

44 4 3 51 8.75 

Addition 20 10 26 9 3 9 11 3 91 6.99 

6 18 8 4 5 41 8.79 

Subtraction g 5 7 13 15 1 1 51 8.75 

11 
14 3 11 6 i i 47 8.80 

Removal of 24 44 3 7 2 1 1 82 7.50 
Parentiesis 

Transposition 72 34 7 12 13 1 9 153 3.83 
in Simple 
Equations 47 3 9 10 11 10 90 7.20 

41 8 3 12 3 67 7.99 

Multiplica- 14 4 10 5 45 3 28 3 1 113 5.99 
tion 

13 5 5 27 1 9 1 61 7.88 

Short Division 
(20 problems) 7 13 11 56 20 13 120 15.25 

Long Division 4 5 4 3 2 4 
' 22 9.27 

Short Cuts in 8 7 9 17 18 7 66 7.99 
Multiplying 

, . . 2 1 10 2 22 9.95 

Factoring 76 106 24 33 77 14 50 45 13 16 454 76.00 
(loo prohlemj _____ _____ ______ _________ _________ ________ ______ 
. Totals 317 268 207 204 144 131 97 

____________ 
60 

_________ 
45 

__________________ 
43 35 1551 

____ 

20.' 17. 13.3 13.2 9.3 8.4 6.3 3.9 2.9 2.8 2.2 100.0 
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A comparison of the records of the previous study and 

of this study shows the following rank order of errors ac- 

cording to frequency: 

TABLE XV 

Type of Error 

Sign Errors 

Method Errors 
Arithmetic Errors 
Careless Errors 
Omission of Problem 
Failure to Reduce 

Incomplete Work 

Error in Exponent 
Error in Factoring 
Error in Collecting 

Terms 
Error in Middle Term 

in Multiplying Binomia 
Omission of a Letter 

Rank in the Studies 
First ISecond 

i i 

2 2 

3 3 

4 4 

5 11 
6 

7 6 

8 7 

9 9 

10 I 5 

11 8 

12 10 

A study of this table shows that the first four places 

are taken by the seme types each time. Errors in sign are 

most frequent; errors in method, second; errors in aritbine- 

tic, third; and errors because of carelessness, fourth. 

Since the records for the latter study covered only a half 

year's work, 'reducing errorsT' did not enter into the work. 

The ranking of the last eight types would undoubtedly have 

been affected if the records for the second half year's work 

could have been obtained. 

As an Illustration of the diagnosis of test results, 



we shall refer again to the same test used on pages forty- 

two and forty-three. For convenience we shall repeat the 

test and the report on the test here. 

Addition Test 

1. 2x+3y* z 6. 3a2+5c2- 8 
3x-4y-2z 2a2+4c2410 

4z 13a28c212 

2. 7a-6+5c 7. 4a+5b+ 6 
-8a + 5 - 2c 3a 4 4b - 10 
-as4+3c -6a-3b+15 

5. 3a-5b44c 8.-946a-3b 
-6a-7b-5e -1047a#5b 
*3a+8b-6c 6*4a-8b 

4. 8a2+6c2#4d2 9. 6a245b2-3-5b2 
3a2 - 9e2 - 8d2 #7a2 4 8 4 3a2 

-9a2 + 4e2 - 3d2 

5. 5b2+8c24d2 10.8a45b6-7.,'6a 
-7b2 - 8e2 .# 3d2 -8b 

. 
6a 

+ se2 - 6d2 

TABLE XVI 

Tabulation of Test Results 

Pupil 1 2 3 4 5 6 7 8 9 10 Tot, correct 

MB s 9 

GE s s 8 
BG s s a 7 

RH a s s a a 5 

GH ol a a m m 5 

MJ a a i i m i m n 2 
JL s e s a m 5 

RL 

11M 

a 

a 

s 

s 

n 
e 

o 6 

7 
WM e s e a 6 
GP ol 01cl e a m m 3 
WP a cl a a e c 3 
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TABLE XVI Con't 

Tabulation of Test Results 

Pupil 1 2 3 4 5 6 7 8 9 10 Tot. corred 

J1 01 s s a a 5 
AS RS___________ 01 01 01 C C 5 

CS a a 8 
LT a e 8 
EV s s 8 
NW a s s o]. 010 0 3 
HW a a in 7 
MWh e e e e e e e s 2 
JW a a 8 
MWi c 9 

Errors 3 11 7 9 7 9 6 13 16 10 ___________ 

-_______ Median 6.99 

A survey of the table shows that there were twenty- 

three pupils took the test of ten examples; that there were 

ninety-one examples which contained errors; that the ex- 

amples most often missed were the second, the eighth, the 

ninth, and the tenth. A chart of the errors assists in 

further analysis. 

TABLE XVII 

Frequencies of Errors 

s sign errors 20 
a arithmetic errors 26 
ni used wrong method 10 
o]. omitted a letter 11 
e exponent error 9 
e careless error, mostly Copying wrong 9 
o omitted the example 3 
1_ incomplete 3 



of the careless errors, which were mostly because of 

wrong copying, all except one occurred in the last three 

examples. As the test was placed on the blackboard and 

was copied by each pupil, we may conclude that these errors 

were largely due to a let-down or weariness on the part of 

the pupils. Of the errors in method all except one occur- 

red in the last two examples; this could be explained by 

the form in which those were given. Most of the drill work 

had been given in the other form. The same explanation 

can be given for the pupils? omission of the ninth and tenth. 

The three incomplete errors, all by the saine person, were 

due to a misunderstanding of the method. For example, in 

the fourth exercise in the second column the correct result 

is c2. Because the coefficient is a 1, and because she 

had been told that we do not write the i in as a coefficient 

in such cases, she thought that she should not write even 

the literal part of the term. The omission of a letter, 

which occurred eleven times could be classed as a careless 

error. The other two types of errors, sign errors and arith- 

metic errors, comprising more than fifty per cent of the 

total, indicate a lack of knowledge, or of drill, or of both, 

in the collecting of signed numbers. Further discussion of 

this same test will be found later under the topic of t'Re- 

medial Measures." 
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Causes of Algebraic Difficulties 

Sorne of the factors which contribute to algebraic 

difficulties and failures are more or less temporary and 

therefore possible of correction; others are so deeply en- 

trenched that they almost defy our efforts at correction. 

Among causes of the latter type are: low Intelligence 

Quotient; some physical handicaps, such as defective vision 

or defective hearing; poor reading ability; habits of doing 

work in slipshod fashion; and emotional handicaps, such as, 

strained home relationships. Without the co-operation of 

the home lt is next to Impossible to correct such causes of 

failure; even with home co-operation it is a difficult task. 

Often more than one cause may be discovered for failure or 

for poor work on the part of the pupil. If some of the 

more deeply entrenched causes are found, they will almost 

invariably be accompanied by several of the more temporary 

causes; and it is just as true that if temporary causes 

are found first, we may find that they are accompanied by 

some of the more deeply entrenched causes. Diagnosis, 

especially in the case of the persistent failure, should be 

thorough and continued. 

The causes over which the school has some control may 

be divided into two classes: administrative causes and 

pupil causes. From the administrative standpoint the sub- 

ject content may be unsuited to the intelligence of the 

child, or the teaching of that subject may be poorly done. 



From the standpoint of the pupils themselves the most appar- 

ent causes seem to be lack of interest; general indifference, 

perhaps carried over because of a dislike for, or poor work 

in, arithmetic; indifference as to accuracy of results; far 

more anxious for a grade than to learn; lack of ability to 

read understandingly; "lost" at some vital point, without 

which the chain of thinking is broken; lack of association 

or "carry over" of aritbmetcal knowledge; lack of ability 

to analyze; disregard for the laws of mathematics; lack of 

skill in fundamental processes; unwillingness to read ex- 

planations and directions carefully and then to follow them. 

In the diagnosis of errors made sign errors, which ap- 

peared most frequently, accounted for from one fifth to one 

fourth of all errors. The causes for these might very 

likely be lack of drill, either in amount or in frequency 

or in both; carelessness; indifference as to accuracy of 

results; or poor instruction. 

Second in frequency were errors in method which in- 

eluded almost one fifth of all errors classified. The 

most probable cause of such errors is poor instruction, 

although it might be lack of attention, poor reading ability 

or inability to analyze. iven though the instruction may 

have been efficient, the pupil may have been "lost" at some 

point in the explanation, and therefore either could not 

follow through the method or had such a hazy idea of it that 

he attempted to use some other method with which he was more 

familiar. 
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From thirteen to sixteen per cent of the classified 

errors were errors in arithmetic. It is probable that the 

pupil's previous training in mathematics did not "carry 

over". He cannot apply his knowledge automatically when 

need arises. 

From eleven to thirteen per cent of the errors found 

were errors because of carelessness. Slipshod habits of 

doing work, indifference as to accuracy of results, and lack 

of attention are the probable causes of such errors. 

The other types of errors varied in frequency. The 

table which follows gives a summary of the causes ascribed 

to these first four, which were found most frequently, and 

adds the other eight. 

TABLE XVIII 

Probable Causes of Algebraic Errors 

Type of 1% of Frequency I 

Error I i 2 
I 

Probable Causes 

Sign 24.1 20.4 lack of drill, carelessness 
indifference as to accuracy, 
poor instruction 

Method 20.7 17.3 poor instruction lack of 
attention, "lost' at some 
vital point 

Arith-. 15.7 13.3 lack of drill, lack of "car- 
metic ry over" 

Careless- 10.8 13.2 lack of attention, slipshod 
ness habits of work, indifference 

as to accuracy of results 

Incomplet 4.3 8.4 lack of understanding, know- 
________________ ledge not made automatic 
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TABLE XVIII Con't 

Probable Causes of Algebraic Errors 

Type of % of Frequency 
ìrror 1 2 

Estimated Causes 

Omitted 5.0 2.2 does not know the method, 
Problem indifferent 

Collect- 3.3 9.3 lack of drill, carelessness 
ing Terms 

Exponent 4.2 6.3 inattention, carelessness, 
poor instruction 

Factoring 3.4 2.9 knowledge not made automati 
lack of drill, carelessness 

Middle 2.2 3.9 lack of drill, carelessness 
Term in lack of understanding 
Cross Mul- 
tiplication 

Failuxbe 4.7 0.0 carelessness, indifference 
to Reduce as to accuracy of results 

Omitted a 1.6 2.8 carelessness, lack of under 
Letter standing. 
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Remedial Measures 

In the discussion of remedial measures these points will 

be treated: the importance of motivation; remedies for the 

most frequent types of errors; and remedial teaching follow- 

Ing a particular diagnostic test. 

In the first presentation of a unit, as well as in the 

reteaching of a unit, the most essential element in the 

teaching plan is motivation. Each individual unit in alge- 

bra must be "sold" to the pupils as truly as any article of 

merchandise Is sold to a customer. It is unfortunate when 

it becomes necessary for a teacher who is not at all inter- 

ested in some particular subject to have to teach that sub- 

ject. However, lt can scarcely be avoided as long as there 

are four-year, or even three-year, high schools where there 

are less than five teachers employed. If and when a teacher 

finds himself assigned a subject in which he is not inter- 

ested, the least he can do In loyalty to his profession is 

to seek to interest himself in that subject. It is almost 

an impossibility to interest a class If the teacher is not 

Interested. 

Various methods may be employed to interest a class. 

Some of the following have been found useful: the novelty 

of the new tool to be used in representing numbers and 

quantities, and in solving problems; the usefulness of the 

subject in a world of scientific invention and progress; 



the labor-saving value of the formula; the value of graphs 

In showing relationships; the need for understanding the 

graphs shown in newspapers and magazines; the necessity for 

progressive individuals to develop habits of independent, 

analytical, accurate thinking; and the necessity In the 

business world for absolute accuracy and orderly procedure. 

Without a feeling that the subject or the unit will give 

him pleasure or serve him a useful purpose in life there is 

little likelihood tha the pupil will derive much value 

from his study. If each pupil is properly motivated there 

will be little need for remedial teaching. 

Just as in medicine the remedies applied for physical 

ills have been an outgrowth of long experimentation and are 

becoming more productive of desired results as the study of 

causes brings greater knowledge, so in algebra the remedies 

for weaknesses will become more and more effective as 

teachers make greater efforts to analyze, to seek the cause 

for, and to attempt to correct such weaknesses. 

In the diagnosis made in this study the most frequent 

type of error was found to be errors in signs, and the 

causes to be lack of drill, lack of attention, carelessness, 

Indifference as to accuracy of results, or poor instruction. 

If a large percentage of the class failed to understand the 

rules, such weakness would be discovered in the first diag- 

nostic test given after the teaching of the unit on the 

collection of terms where the terms are signed numbers. In 

such case we might conclude that the chief cause was poor 
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teaching of the unit. Of course, if this were the cause, it 

most likely would be accompanied by lack of interest, and 

carelessness on the part of the pupils. The remedy then is 

apparent. Reteach the unit in such a way as to challenge 

the interest of the class. This will be more difficult 

than the first teaching of the unit because one of the most 

effective elements of interest, curiosity, will be hard to 

arouse. One plan which has been found effective is to start 

a contest in order to secure accurate, thoughtful drill: 

this contest may be between groups or it may be with each 

individual in competition with his own former record. 

If, however, the errors were made mostly by only a few 

pupils and were made many times by the same pupils, rem- 

edies should be applied through individual instruction. 

Extra drill should be assigned to the individuals after re- 

teaching and should be checked carefully. Some of the 

quicker pupils can check this extra work so that it need 

not be an added burden to the teacher. If carelessness or 

indifference as to accuracy of results appears to be the 

cause of such errors, the pupil's work should be returned 

to be corrected by himself. Both the original and the cor- 

rected copy should be handed in for another correction, 

Nothing but neat accurate work should be accepted. To ef- 

fectually remedy this indifference as to accuracy of re- 

sults, the teacher will need to be vigilant, checking the 

work faithfully and returning it for correction again if 



necessary until the pupil realizes that it pays to do the 

work well the first time. Recurrence of this same type of 

error frequently on the part of any pupil lonc after the 

teaching of the unit would indicate carelessness or lack of 

attention, and. should be remedied by again requiring the 

pupil to correct his work and return it to the desk. 

irrors in method were second in point of frequency. 

The probable causes given were poor instruction, lack of 

attention, poor reading ability, ttlostlt at some vital point 

in the process, or inability to analyze a problem. Several 

frequencies in the work of only certain individuals show 

need for individual instruction; many frequencies widely 

scattered indicate a general lack of understanding and 

need for a reteachingof the unit to the entire class. If 

the type of work is that of one of the fundamental processes 

where the development of skill is desired, it is probable 

that when the unit was presented one or more of the follow- 

ing was true: lack of preparation on the part of the 

teacher; lack of interest on the part of the class; lack 

of readiness, either in background or in mental attitude, 

on the part of the class. If, however, the type of work is 

that of reasoning or thinking, as in verbal problems, the 

probability is that the difficulty lies in one of the follow- 

ing: lack of mentality, inability to analyze, or poor read- 

ing ability. 

Remedies will vary according to type of work. In the 



first type where skill is desired, the remedial program will 

call for some means of securing interest in the unit, while 

it is retaught and of holding that interest long enough for 

a sufficient amount of accurate practice. A challenge, such 

as a contest or competition calls for, has often proved 

effective. Even contests, however, may become tiresome. 

No one method can be set down which will always be success- 

ful in creating or in holding interest. The class may fail 

to understand the method because they were !!lost!! at some 

previous point and lack the background necessary in order 

to understand it. The previous unit upon which this one 

should be built may not have been reduced to a skill. This 

is likely to occur only when there is lack of careful plan- 

ning of the unit sequences on the part of the teacher. The 

remedy of errors in method is reteaching. The unit should 

receive new attention or be presented from a new angle. 

This will take more preparation than the first presentation 

of the unit. 

In the other type of work, where reasoning or thinking 

is desired, the remedies are much more uncertain. It is 

easy to say, ?Teach them to reason and to 
analyzes', but it 

is much more difficult to do it. If the pupil lacks mental- 

ity it is almost impossible to teach him to reason, espec- 

lally if, as Knight and Buawell (35:248-249) say, "Excellence 

in problem-solving is an almost infallible mark of general 

intelligenceT. About all that can be done will be to let 
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the pupil follow through the assignments with the class ab- 

sorbIng as much as he is able. If the difficulty is in- 

ability to analyze, it may be necessary to give the pupil 

a technique for analyzing problems. He must be taught to 

read a problem to get the meaning or point; to find what is 

asked or called for; to determine what it would be necessary 

to know in order to find what is called for; to reread the 

problem for the facts or relationships given; to pick out 

relevant facts and disregard irrelevant ones; to perform 

his calculations and check their reasonableness and their 

accuracy. 

If the pupil's weakness is in reading ability, our 

problem is still a difficult one. The amount of work to 

be covered in the time allotted to the subject forbids the 

use of much time in teaching the pupils to read; but, if 

problem-solving is one of the skills required in algebra, 

it will be necessary to devote some time to training the 

pupil to read understandingly. In analyzing the possible 

causes for inability to read understandingly, any of the 

following may be discovered: the pupil may be a slow reader 

in all types of reading; he may never have built up a math- 

ematics vocabulary; the situations in the problem may be 

outside of his experiences; he may be careless In reading, 

especially in reading the niunerical parts of the problem; 

or it may be that the difficulty is physical. Any or all of 

these may contribute to his inability to ttreadU a problem. 
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To improve and perhaps oven almost completely remedy 

such a situation is not, however, impossible. It should 

first be determined whether the pupil has normal eyesight. 

This will necessitate the co-operation of one or more of 

the following: the parents, the school nurse, the health 

nurse, a competent physician or oculist. If the pupil is 

ordinarily a slow reader in all types of reading there is 

little a teacher with a full program can do about it except 

by encouragement and suggestions or by enlisting the aid of 

the English teacher. If the pupil has no usable mathematics 

vocabulary, he must be assisted to develop one. Mathematics 

has a language of its ovm, just as has law, medicine, and 

many other fields of study. A vocabulary must be developed 

to the place that the pupil himself can and will use the 

language of mathematics easily and readily. The develop- 

ment of such a vocabulary can best be accomplished through 

the combined efforts of all teachers throughout all the 

grades. Perhaps, in time, our arithmetics will give empha- 

sis to new words and expressions peculiar to problems 

placed in them for pupils to solve. Some of the very recent 
texts are already doing so. Meanwhile, if we consider prob- 

lem-solving one of the accomplishments expected of the pupil 
who is to pass in first-year algebra, we must teach that 

pupil the language he has not learned earlier. 

A great deal can be done in a comparatively short time 
by a definite, determined effort to remedy such a want. 
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Some of the newør textbooks in algebra at the beginning of 

the text devote a good deal of space to the study of alge- 

braic language. An analysis of the present mathematical 

vocabulary of the class by means of a very complete and 

carefully constructed objective test will form a basis for 

such a unit. The unit will need to contain for each word 

to be developed: a definition; an illustration of the use 

of the word; the symbol and the abbreviation for the word, 

1f there are any; drill in the use of the word--in reading 

it, in writing it and its symbol, and In interpreting its 

meaning. The meaning of the word especially must be empha- 

sized. Schorling (29:355) in a recent address stated, 

tII{eaning for the slow pupil must run ahead of verbal state- 

ments and symbolism. If you wish the slow pupil to under- 

stand a word, a phrase, or a symbol you must provide defi- 

nitely that he live through some experience as a basis for 

the meaning of the word»' Below is an illustration of 

a vocabulary drill sheet used effectively by the writer. It 

was developed because of the needs shown by the pupils in 

Individual conferences during supervised study work. 

TABLE X1X 

AN ALG±BRA VOCABULARY 

Increased means plus. 

Plus means add. 

Minus means subtract. 

Diminished by means subt 
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Subtract means take away. 

Product is the result when we multiply. 

Quotient is the result when we divide. 

Exceeds means is eater than. 

Square means multiplied by itself. 
Example: x2 means x times x. 

Cube means multiplied by itself and then by itself again. 
Example: x3 means x times x times x. 

Sum is the result when we add. 

Remainder is the result when we subtract. 

Minuend is the number from which the other number is sub- 
tracted. 

Subtrahend is the number taken from the minuend. 

Consecutive numbers are ones which follow each other di- 
rectly. Example: 8, 9, 10, 11. 

Consecutive odd numbers are such as 9, 11, 13, 15, etc. 

Consecutive even numbers are such as 4, 6, 8, lO, etc. 

An Exjient is the small figure or letter written above 
and to the right of a quantity. 

The Power of a number is the result of multiplying the 
number by itself one or more times. 

A Term is that part of an algebraic expression contined 
between consecutive plus or minus signs. 

A Monomial is an algebraic expression which contains only 
one term. 

A Binomial is an algebraic expression which contains two 
terms. 

A Trinoinial is an algebraic expression which contains three 
terms. 

A constructive remedial program must include consist- 
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ent and continued instruction and drill in the vocabulary 

of mathematics. A small fundamental vocabulary may be pre- 

pared early in the course and supplemented as new terms are 

discovered in the study. Frequent reviews and conscious 

effort to use the terms in everyday lessons will add much to 

the reading ability of the pupils. Short objective tests 

will reveal whether the pupils are really able to use the 

words. Where means for obtaining duplicate copies are a- 

vailable, these tests should take a very small amount of 

time from the regular class hour; if they are truly objec- 

tive, the tests will not need to take much of the time of 

the teacher for checking. 

The other two reading difficulties, failure to under- 

stand the conditions of the problem, and carelessness in 

reading, should be discussed together because the first 

often involves the second. The failure to understand the 

conditions of the problem may be caused by careless read- 

ing, lack of mathematics vocabulary, inability to analyze, 

or the conditions of the problem may be outside of the ex- 

periences of the pupil. Careless reading is a habit which 

it will take time and persistent effort to overcome. There 

is a tendency on the part of many children to neglect the 

verbal part of a problem almost entirely, and to take only 

the numerical parts Into consideration. To remedy this 

weakness, much practice in translating algebraic language 
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into statements of relationships should be given. Some of 

the newer textbooks in algebra are giving definite atten- 

tion to teaching the language of mathematics. In general, 

it is true that the pupil with a low intelligence quotient 

will also be poor in translating the algebraic language into 

statements showing relationships. The following experiment 

will show the truth of the statement. 

The following test was given, checked for right and 

wrong answers, and charted according to correct answers and 

to the intelligence quotient. 

TABILE XX 

Comprehension of Algebraic Terms 

Translate into the language of Algebra: 

1. If Jack is x years old and his sister is twice as old, 
how would you represent her age? 

2. If a man drives his automobile at the rate of 35 miles 
an hour, how far will he go in h hours? 

3. Write the sum of 15 and x. 

4. Write the difference between 15 and x if x is smaller 
than 15. 

5. Write the product of 15 and x. 

6. If the first of two consecutive numbers is n, what is 
the second one? 

7. If a rectangle is three times as long as it Is wide and 
its width is x, express its length. 

8. Express d dollars as cents. 

9. If Howard Is x years of ag,e, how old was he 5 years ago? 

10. If one apple cost e cents, how much will 11 apples cost? 
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11. If I had d dollars and you had 4 more than I, how many 
have you? 

12. Expressalgebraically the sum of a and b. 

13. If x is a certain nmnber, what will represent a number 
10 larger? 

14. If x is a certain number, what will represent a number 
8 less? 

15. If s represents the units in the side of a square, re- 
present its perimeter. 

16. Represent the area of the same square. 

17. If n is an even number, represent the next even number. 

18. If a board is 34 inches long and x inches is cut from 
it, represent the length that remains. 

19. The sum of two numbers is 40. If one is m, what is the 
other? 

20. If k is greater than h, represent their difference. 

21. If one number is x and another number is 12 times as 
great, represent the second number. 

22. If a rectangle is w inches wide and is three inches longer than it is wide, represent its length. 

23. If a man walks 3 miles an hour, how far will he walk in y hours? 

24. If Jack is x years old and his sister is twice as old, represent her age 6 years ago. 

25. If a rectangle is w inches wide and is three inches longer than it is wide, represent its perimeter. 
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TABLJ XXI 

Table Showing the Errors Made on the Test on the Comprehension of Algebraic Language 

Pupil IQ i 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 21 22 23 24 25 Total Correct 

IiB 96 x x x x 21 

BG 104 X X X X X X X X X 16 

RH 72 x x x x x X X X X X X X X X X 10 

GET 72 x x x x X X X X X X X X X X X X X X X 6 

MJ 98 x x x x x x X X X X 15 

JL 108 x x x x x x x x x 16 

Iib:i 98 X X 23 

Wia 99 X X X X X X X X X X X 15 

AO 99 X X X X X X X X X X 15 

MM 64 x x x x x x X X X X X X X X li 

GP 91 x x X X X X X X X X X 14 

wP 81 X X X X X X X X X X X X 12 

JR 91 x x x x x X X X X X X 15 

AS 101 x x x X X X X X 17 

CS 96 x x x x x x x x x x x x 13 

idWh 113 25 

MWi 83 x x x X X X X X X X X X X X X X 10 

i 3 6 4 4 12 3 14 1 3 9 6 6 4 10 8 12 5 10 4 7 11 31116 
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A Graphic Expression of Table XXI 

'Q Eachdotrepresentsa pii ___ 

120 

115 

110 

105 

loo 

95 

90 

85 

80 

75 

70 

65 

___ 

-- ________-__- 
- - - __ ---- -- - 

- 
------ 

. - - ___ - ___ -p----- _ - - 
s 

- -- 
-- --- - 

-- - - --s--- ____ 

-------------------------------- 
60 ______- _____ --- - 

Scores 5 7 =_9 11 13 15 17 1921 23 25 

In the table above we have attempted. to represent 

graphically the facts shown in Table XXI. Each dot repre- 

sents a pupil placed horizontally according to the number 

of correct answers which he gave in the test on the Compre- 

hension of Algebraic Terms, and placed vertically according 

to his I as determined by the Otis Self-Administrating 

Test of Mental Ability. A critical study of the graph 

would lead to the conclusion that ability to interpret 
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algebraic language would correlate quite closely with the 

IQ of the pupil. The correlation in this study is .730 

±.041s 

The results of the experiment seem to emphasize the 

statement of Knight and Buswell (35:248-249) that ".xcel- 

lence in problem-solving is an almost infallible mark of 

general intelligence", and to demonstrate the truth of our 

previous statement that "In general, it is true that the 

pupil with the lòw intelligence quotient will also be poor 

in translating the algebraic language into statements show- 

ing relationship." 

The language of mathematics evidently is a foreign 

language to many pupils. It may be we teachers are as 

much to blame as the pupils themselves because we have 

permitted them to avoid the truly mathematical terms by 

explaining the terms by simpler ones and then using the 

simpler terms and permitting them to use the simpler terms 

instead of insisting upon the use of the new mathematical 

term. This point can be illustrated by the fact that the 

members of the class under observation in this experiment 

persisted in saying "take away" instead of "subtract", and 

few of them had any understanding of the terms "minuend" 

and "subtrahend". 

The third type of error in point of frequency was 

errors in arithmetic. The causes assigned, as being most 

probable ones for such errors, were lack of "carry over" 



from the pupil's previous training in mathematics, or his 

knowledge was not made automatic. In spite of all the rem- 

edles we may apply some such errors will always continue to 

be made as long as man is not a machine. A large percentage 

of them may, however, be eliminated if a definite effort is 

made to do so. Whenever a new subject or unit is to be pre- 

sented in algebra, it should, as far as possible, be built 

upon the pupil's previous knowledge. By starting with the 

arithmetical process and bridging over into the algebraic 

process, two things may be accomplished at once; a necessary 

arithmetical review may be had, and an easy introduction to 

the algebraic process made. The arithmetic errors made are 

in those types of work which were supposed to be reduced to 

skills. Since repetition at intervals is necessary In order 

to retain those skills, it becomes the duty of the teacher 

of algebra to give opportunity for such repetitions. 

Nearly all the other types of errors involved the same 

causes that have been attributed to the ones already dis- 

cussed. A list of remedial measures which have been used 

and found to be more or less valuable may be of interest. 

1. Reteaching the whole group is most useful when there 

are points which have been missed by large numbers of the 

group. 

2. There is no substitute for individual instruction when 

the points missed are not missed by many in the group. 

5. Drill work at the board, for the weaker pupils espe- 



daily, pays large returns. 

4. Time taken for the teaching of a mathematics vocabulary 

and of how to readtt algebra is time well spent. It speeds 

up the work later. 

5. Wall charts of pupil progress and class contests both 

contribute much to pupil interest and enthusiasm. 

6. Special drill exercises prepared by the instructor to 

correct definite weaknesses have been found a very definite 

help. 

'7. Pupil help where the quicker pupils are given the respon- 

sibility of helping the weaker ones has been helpful at 

times. Such help has never been over a long period of time 

at 

8. Keeping graphic record of the pupils' progress posted 

where it can be seen by them at any time has been an inspira- 

tion to many to try to better their own records. 

9. A definite system of marks for checking papers which the 

pupils understand has helped many pupils to be more careful 

not to repeat the same type of errors. 

10. Group teaching gives rood results. There are two meth- 

ods by which this may be done. The ones in a class who seem 

to have mastered a unit may be given extra problems for 

drill while the ones who have failed to master the unit are 

taken as a separate group and retaught; or the whole class 

may be divided into two groups of almost equal ability and 

pitted against each other in a contest lasting for two or 



three days. In the latter case it is the experience of the 

writer that the quicker ones in each group immediately begin 

to teach the slower ones in that group. Both methods have 

produced good results at different times. 

Remedial measures will depend much on the judgment of 

the teacher as each case arises. The teacher who makes a 

complete diagnosis will surely become vitally interested 

in finding means by which the weaknesses may be remedied. 

Each diagnosis will suggest its own separate method of at- 

tack upon improving the teaching of that unit. Some of the 

drill sheets and exercises given here may suggest others 

which will be of more value in definite cases. 

The following Table summarizes the suggestions that 

have been made. 

TABLE XXIII 

Type of irror Remedial Suggestions 

1. Sign Errors Reteach unit. Have pupil correct 
the paper and return to be rechecked 
Repeat if necessary. 

2. Method Errors Present the unit from a new angle. 
Give a technique for analyzing a 
problem. Drill. Train in vocabu- 
lary and in reading understandingly. 

s. Carelessness Insist on accurate work; accept 
nothing else. Return papers to be 
corrected and rewritten. 

4. Arithmetic Redrill on skills supposed to have 
been made automatic. Insist on 
accuracy. 
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APPRAISAL OF RESULTS 

It is not humanly possible to measure exactly the re- 

suits of any human action; neither is it possible to measure 

exactly the results of any piece of remedial teaching, nor 

of a whole term of such teaching. It is never possible to 

find two individuals nor two classes of exactly equal abil- 

ities; nor is lt possible to compare an individual nor a 

class with what he or it would have been without any partic- 

ular influence. However, some rather close parallels can 

be found, by means of which it is possible to make estimates 

of the results of remedial teaching. 

Here we shall attempt to make a sort of measure of the 

results of this project in remedial teaching in three ways 

(i) in the progress of the group in a particular unit; (2) 

in the progress of the group in six units; and (3) in the 

individual progress of the members of the group. 

(1) Progress in a particular unit 

Let us take, for example, the test on the unit in ad- 

dition (see Appendix, Tests III and IV) which we have used 

before as an illustration. After the presentation of the 

unit and the first study of the unit, the test consisting 

of ten problems was given to the twenty-four pupils. Diag- 

nosis revealed ninety-one errors and a class median of 6.99. 

This was followed by remedial teaching and some days later 

by the test given again. The second test showed forty-one 



errors and a class median of 8.79, or a class gain of 18% 

over the first test. 

A study of the results of these two tests shows some 

interesting facts concerning the particular types of errors 

made. For convenience we shall summarize them here. 

TABLE XXIV 

Type of Error Number of Errors 
Test III Test IV 

% of increase 

Sign Errors 20 6 -70 
Method Errors 10 0 -100 
Arithmetic Errors 26 18 -31 
Careless Errors 9 8 -11 
Omission of Letter 11 5 -55 
Omission of Problem 3 0 -100 
Incomplete Work 3 4 -33 

Particularly noticeable is the reduttion in the per- 

centages of the types of errors which involve understanding 

rather than skill in manipulation: errors in method and in 

omission of the problem were each reduced 100%; while sign 

errors, which in this unit really were method errors, were 

reduced 70%. 

(2) Progress of the group in six units 

Unfortunately the results of both preliminary and mas- 

tery tests were not always recorded; however, in most of the 

cases where both records are made, the results are very sim- 

llar to the ones given above. Vthere both records are given, 

the tests given after remedial teaching all show a great de- 

crease in errors in method, except in the test in subtrac- 

tion. This is explained by the fact that one pupil, R.H., 



made 10 out of the total 14 errors made in method in the 

second test because she added all the examples instead of 

subtracting them. (see Tests III and IV in the Appendix). 

The following table shows a comparison of' the medians 

of the tests in which we have records for the tests both be- 

fore and after the remedial teaching. 

TABLE XXV 

Unit 
Test Numbers 
in Appendix 

Preliminary 
Test 

Median 

Mastery 
Test 

Median 

% Increas 

________ ______________ 

Evaluation 

____________ 

I and II 7.99 8.75 12.40 
Addition III and IV 6.99 8.79 18.00 
Subtraction V and VI 8.75 8.80 0.50 
Simple Equation IX and X 7.20 7.99 7.90 
Multiplication XI and XII 5.99 7.88 21.10 
Short Cuts in 
Multiplication XV and XVI 7.99 9.95 19.60 

The average gain in the class median was 1.21 problems, 

which means that the whole group averaged 1.21 more correct 

problems out of the test of ten problems, or a 12.1% im- 

provement because of the remedial work. 

(3) Progress of the Individual Members 
of the Group 

In the chart which follows the individual progress of 

each pupil is shown in six pairs of' tests. The first score 

in each pair shows the results of the test given after the 

first presentation of that unit and the study of the unit; 

the second score in the pair shows the results of the same 

test given some time later after remedial teaching had been 



TABLE XXVI 

Individual Progress Chart 

_________ - Tests No. Gain 
I II III IV V VI IX X 

__________ 
XI XII 

__________ 
XV XVI Pupil pairs Loss 

MB 9 7 10 8 7 8 7 2 9 10 5 9 
BC 3 9 

:i 6 
GE 8 9 8 8 8 7 7 7 2 4 5 4 
BG 9 7 7 10 8 9 5 4 2 6 7 9 6 7 
RH 7 7 5 9 4 0 4 8 1 10 5 13 
GE 6 6 5 10 9 7 6 10 4 6 8 9 6 10 
MJ 7 10 2 4 9 7 7 9 8 9 7 10 6 9 
JI 7 4 5 810 10 6 6 1 4 5 3 
RI Y7 

5 6 8 9 8 3 -1 
HM 10 9 7 10 9 10 7 9 10 7 10 9 6 1 
WM 7 5 8 6 8 7 3 5 9 6 5 -6 
GP 6 8 3 8 10 10 4 6 6 7 5 10 6 15 
,;NP 7 8 3 6 7 6 7 4 B 8 5 8 6 3 
JR 10 8 5 4 8 7 9 7 8 7 9 9 6 -7 
AS O 5 5 8 6 8 5 5 7 7 5 10 
RS 9 8 9 8 8 10 B 9 4 6 7 10 6 6 
CS 8 10 8 9 8 10 8 9 2 10 6 10 6 18 
LT 9 10 8 7 10 10 10 8 10 10 8 9 6 - i 
EV 8 10 8 10 4 8 0 7 10 10 5 15 
NW 3 10 8 8 2 7 
11W 9 9 7 6 8 8 5 7 5 6 9 7 6 0 
MWh 2 9 8 7 8 9 4 8 9 10 5 12 
3W 8 10 8 8 8 9 9 8 3 6 7 7 6 5 
MWi 5 6 9 10 8 9 210 2 6 5 15 
AO 9 9 6 5 6 10 8 10 4 5 
MM 2 1 6 10 6 5 3 

130 

2 

152 Totals 



done to correct the errors apparent from a diagnosis of the 

results of the first test. 

The average gain per pupil per test is 1.17 problems. 

This means an average gain of 11.7% after the remedial 

instruction and corresponds closely to the group gain of 

13.25% shown in the table on page 86. 

Our conclusions from this study are: (i) that remedial 

teaching decreases for the whole group the total percentage 

of errors, particularly errors due to lack of understanding; 

(2) that remedial teaching increases the median score of the 

group. 
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SUIVINARY AND CONCLUSIONS 

This chapter is in three parts, as follows: (i) sum- 

mary of the study; (2) conclusions drawn from the study; 

and (3) limitations of this study. 

SUARY 

This experiment in remedial instruction in high school 

algebra was carried on with a group of pupils in the ninth 

grade of the Junior High School at Tillamook, Oregon. The 

majority of the group were classified as pupils of low men- 

tal ability. The classification was made by use of the Otis 

Self-Administering Test of Mental Ability. The group 

varied somewhat in size throughout the semester, but usually 

consisted of about twenty to twenty-four members. 

The material used for instruction was that specified 

in the regular state course of study as planned for first- 

year algebra. 

The procedure followed throughout the course consisted 

of a diagnostic test after each unit had been taught; re- 

medial instruction, both of the group and of the individ- 

uals as indicated by the diagnosis; and a second diagnostic 

test in order to determine the value of the remedial in- 

struction. The chief aim of the instructor was to get each 

pupil interested in analyzing his own work for errors and 

attempting to correct his own errors so as to improve his 

work. à group of symbols indicating the chief types of 
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errors made by pupils proved to be of great value to the 

pupils in analyzing their own difficulties. Remedial drills, 

wall charts showing progress, and contests were employed to 

secure and hold the interest of the group and to insure suf- 

ficient drill for retention. 

In order to secure orderly diagnosis, the results of 

each test were charted by pupil, by problem, and by type 

of error made. The pupils showed great interest in these 

analyses, co-operated in attempts to develop remedial 

drills, and often offered to help instruct and drill others 

in units they themselves had mastered. 

The results of the remedial teaching are appraised in 

three ways: (1) the progress of the group in a particular 

unit; (2) the progress of the group in all six units; and 

(3) the progress of the individual members of the group in 

all six units. The results are expressed in terms of the 

reduction of the number of errors made in the test given 

over the unit. 

To illustrate the progress of the group In one partic- 

ular unit, the results of the tests in addition are given. 

The last test, given after the remedial instruction, showed 

a gain In the class median of 18% over the first test. 

Particularly noticeable was the reduction In the type of 

errors due to a lack of understanding. The progress of the 

group In the six units covered during the experiment is 

expressed by comparison of the class medians before and 

after the remedial instruction. The gain shown is 12e1%. 
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The progress of the individual members of the group because 

of the remedial work is given in a chart showing the scores 

of each member In both tests and giving the total gain or 

loss in score on the six units. This chart shows an average 

gain of 11.7% per pupil. 

CONCLUSI ONS 

This study warrants the following general conclusions: 

1. It is possible for pupils whose intelligence is not 

subnormal to master the fundamentals of algebra. 

2. The giving of remedial instruction is facilitated by 

having a class grouped according to ability. 

3. Diagnosis must be thorough; it must be made for the 

class as a whole and for each pupil according to his own 

needs and weaknesses. 

4. Some form of individual instruction must be employed 

In remedial work In algebra, especially in the case of the 

group of low ability. Mass instruction without individual 

attention permits many failures. 

5. The group of low ability do not co-operate as well as 

groups of average or superior abilIty; and they require more 

individual attention and instruction. 

6. Remedial instruction must be In the form of a specific 

remedy for a specific weakness. 

7. Remedial Instruction will be effective only when we 

can secure the complete co-operation of the pupil. When we 
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can develop in him the attitude which seeks a remedy, the 

application of the remedy will usually produce results. 

8. Remedial drills pay large dividends, but must be 

followed by drills for retention. A lesson even though 

once apparently mastered is not permanently retained with- 

out frequent drills for the purpose of retention. 

9. No set plan or procedure can be offered ready made. 

A thorough diagnosis will suggest to any teacher who has 

a fair understanding of adolescent psychology the proper 

remedial measures to be applied. 

lO. The ability to read and interpret algebraic lan- 

guage is in direct 'atio to the intelligence of the pupil. 

11. The ninth-grade pupils generally lack a sufficient 

mathematics vocabulary. More class time should be devoted 

to the development of such a vocabulary than has generally 

been done in the past. 

LIMI TATIONS 

1. This study is more or less limited because of the size 

of the experimental group. 

2. If the study could have been continued over the whole 

year's work instead of over one semester, it would have been 

more conclusive. 

3. The records of both the preliminary test and the mas- 

tery test were not always preserved. In such cases no es- 

timate of progress could be made. 
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APPENDIX 

In this appendix are shown the charts of the tests and 

the errors made by the class studied during the experiment 

reported in this thesis. 

Test I 

Evaluation 

Pupil 1 2 3 4 5 6 7 8 9 10 Total correct 

BC ni a a c a c a 3 
GE m a 8 
BG ni 9 
RH ni ni a 7 
Gil a i a o 6 
MJ ni C a 7 
JL m a c 7 
RL ni ni a 7 
HM 10 
WM ni C a 7 
GP ni e C a 6 
VvP ni a a 7 
JR 10 
AS m ni m ni ni o m o a o O 
RS a 9 
CS c ni 8 
LT a 9 
EV ni a 8 
11W ni 9 
JW ni a 8 
T1'N1 ni C e a a 5 

415 7 3 2 5 6 511 2 

Median 

______ 
7.99 

Test Given 

8. 2a - b - 2c 1. 15 - 5 2 + 4 
2. lO 2 - 9 t 3 4 
3. 12 . 4 t 8 - 3 2 
4. 2a - bc 
5. ab + C 

6. a + b + C 

a - a 5 

7. abc 
a 

b3 c2 

9. it 
a b 

10. Vvrite as a formula: 
The interest equals the 
principal times the rate 
per cent times the time 
in years 
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Test II 

Pupil 1 2 3 4 5 6 7 8 9 10 Total correct 
MB e 9 
BC a 9 
GE a 9 
BG a a i 7 
RH a a a 7 
GH e a a a 6 
MJ 10 
JL a a a i a a 4 
RL a c a a a 5 
HM a 9 
WM a a i a a 5 
GP a a 8 
1v? a a 8 
JR a a 8 
AS e a a a a 5 
RS a a 8 
CS 10 
LT 10 
EV 10 
UXi a 9 
MYh a a a 7 
Jw 10 
MINi a a a a 6 

_______ 5 1 1 4 6 6 11 7 9 1 

______ Median 8.74 

Test Given 

a 2, b 3, e 4, d 5, e - 0. 

1. a 4- C 

e a 
2. 2b - d 

8. ac + a 
3.abtcd d 

4. 3d - 5a f- e 9. de 
2a 

5. a *c 
b 

10. cd + ad 
6.1+1 ab 

b e 
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Test III 
Addition 

upi1 1 2 3 4 5 6 7 8 9 10 Total Correct 
MB s 9 
GE s s 8 
BG s s a 7 
RH a s s a a 5 
Gli 01 a a in m 5 
MJ a a i. i in i n n 2 
JL s e s a ni 5 
RL a s ni o 6 
HM a S 0 7 
VM e s e a 6 
GP ol 0101 e a n n 3 
WP a ol a a e e 3 
JR ol s s a a 5 
AS ol ol ol e e 5 
RS a 9 
CS a s 8 
LT a e 8 
EV s s 8 
NW a s s ol ol 0 o 3 
HW a a ni 7 
IVIWh e e e e e e e s 2 
JW a a 8 
MWi. c 9 

3 11 7 9 7 9 6 13 16 10 
Median 6.99 

1. 2x+3y# z 
3x - 4y - 2z 
2x 5v . 4z 

2. 7a - 6 + 3c 
-Ba + 5 - 2e 
-3a + 4 + 3e 

3. 3a - 5b + 4e 
-6a - 7b - 5e 
*3a + Sb - 6e 

4. 8a2 6e2 .$. 4d2 
3a2 - 9e2 - Bd2 

-9a2 + 4e2 - 3d2 

Test Given 
5. Sb2 Sc2 .* d2 

-7b2 - 8e2 4' 3d2 
3b2 5e2 - 6d2 

6. 3a245c2- 8 
2a2 . 4e2 + 10 

______________ -13a2 - 8e2 - 12 

7. 4a + 5b f 6 
3a + 4b - 10 

______________ -6a - 3b - 15 

8, -9 4 6a - 3b 
-10 + 7a 4. 5h 

________ 6 4. 4a - 8h 

9. 6a2 + Sb2 - 3 - Sb2 + 7a2 + 8 3a 
10. 8a + 5h + 6 - 7 + 6a - Sb t 6a 
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Test IV 

Addition 

Pupil 1 2 3 4 5 6 7 8 9 lO Total Correct 

e s C 7 
GE 01 a 8 
BG 10 
RH a 9 
GH 10 
MJ a s s a a i 4 
JI e e 8 
RL ola 8 
HM 10 
GP a i 8 
W? a a a c 6 
JR ola a ol C i 4 
AS 10 
RS a a 8 
CS s 9 
LT cl i e 7 
EV 10 
NW 10 
11W s a a a 6 
MVh s 9 
JW e e 8 
NWI___________________________ 10 

0 5 7 24 4 1 5 7 6 

Median 8.79 
- 

Test Given 

The same test was given as was given in the 

preceding test. It is shown in page 98. 
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Test V 

Subtraction 

Pupi]. 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB 10 
GE et et 8 
BG e et 8 
RH a s et s ni et 4 
Gli Ct 9 
MJ ni 9 
JL 10 
RL et 9 
HM et 9 
WM e ni 8 
AO a 9 
GP 10 
WP e e e 7 
J_R i. ni 8 
AS s et a a 6 
RS C a 8 
CS et et 8 
LT 10 
EV ni e e e e e 4 
HW et e S 

s e 8 
JIW s e 8 
MWI a a 8 
ES s s cts et cts 3 

2 1 2 8 2 10 9 4 9 4 

Median 8.75 

Test Given 

1. -9a-8b 6. 2x2-3y-4y2 
-4a-5b 8x2-4y8y2 

2. 12a+3b 7. 7a2.8y10 
-6e - 4b 8a2 + 8y - 10 

3. Sa2 3a + 4 8. - 9 4 8a 4 e 
3a2-2a-6 -12-7a+4c 

4. 7x2-5x-6 9.-8-5x+2y 
9x2-7xi9 +6+7x-2y 

5. 6a2 . 5a - 5 10. 2a2 - 8 4 4a 
7a2-5a.6 -3a2f9-6a 
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Test VI 

Subtraction 
?upil 1 2 3 4 5 6 7 8 9 10 Total Corred 

et et 8 
GE ol et e 7 
BG a 9 
RH in m in n in n in n n n O 
GH a s e 7 
MJ o s in 7 
JL 10 
RL e et 8 
HM 10 
WM e e n o 6 
AO s 9 
GP 10 

o et o et 6 
JR s s n 7 
AS e e 8 
RS 10 
CS 10 
LT 10 
EV s s 8 
11W a m 
MYth e s 8 7 
J'N s 9 
MWI s 9 
ES 10 

1 5 $ 3 4 4 9 7 7 4 ___ ___ 
Median 8.80 

Test Given 

The test was the saine as was given in V. It is 
shown on page 104. 
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Test VII 

Removal of Signs of Grouping 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correc 

MB ni 9 
GE 10 
BG 0 9 
RH et e s e 6 
GH in in in ni ni ni in m in m O 
MT ni n in ni ni 5 
JL s s et 7 
RL n n in ni in 5 
MM in in in n in in ni n in m O 
11M 10 
VIM 10 
AO et s s 7 
GP s s n ni ni s s 3 
WP 01 S et 7 
JR ni ni ni 7 
AS s s 8 
RS 10 
CS lo 
LT s s s 7 
EV in in in ni in ni ni 3 
NW 10 
11W s s s s e s et 3 

10 
et et s 1 6 

MWI i s s s 6 
8 8 6 66 9 812 910 ___ 

MedIan 7.50 
rest iven 

1. (a - b - e) - (a - b e) 

2. (x-yi z) - (x4y-i z) 

3. (x + y 4 z) - (x - y - z) 

4. (m-n+p) - (m-n-p) 
5. (m + n - p) - (in + n - p) 

6. 1 - (1 - x) - (2 x) 

7. 2 - (2 - x) - (2 x) - 3 

8. a - La - (a - i) - i] 

9. 3 - - (1 + x) - ç] 

10. x- [x- (x-i) * 

Directions: 

Remove the 
parenthe sis 
and collect 
like terms. 
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Test VIII 

Simple Equations 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correc 
MB s 9 
GE e s s s s Ct 4 
BG in in in s et et s 3 
RH s s e s s s s et 2 
Gli a s s s s s s s s 1 
MJ e e in s ct et 4 
HJ e e s m in s C s s o O 
MI'1 s s s et et et s s 2 
luI s s a s s 5 
WM s s a e in in m s 2 
AO in o in o o s s 2 
GP i s in in in m m in in m O 
V.P a s s s s et s 3 
.11 s in S C 6 
AS m s s et c in 4 
RS a s s m in in 4 
CS s s s s s a s 3 
LT 10 
EV s s s s s s s et 2 
NW s o o o o 5 
11W s s et et et et in s 2 
MTh a e 8 
3W s s et s et 5 
MiNi s in in in in in in in in i 

______ 6 10 15 12 15 21 19 18 15 20 
MedIan 3.83 

Test Given 
1. 5+2(x*2) =11 
2. 7 5(x * i) -8 
3. 5- (xi.2) $x+l 
4. 6a - (a + 4) - 2a $ 8 

5. 3x - (4 -t 2x) 3(x 4. 2) 
6. 7 - 3)a + 2) 2(a . 2) 
7. 3(a - i) - 4(a + 2) - 6a - 10 
8. 2(2a + 2) - 2(a - 2) = io 

9. 3(x - 4) - 3(2 - x) x + 2 
10. (x + 1) (x - i) - - 3x + 5 
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Test IX 

Solving Equations 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB s s i 7 
GE e e e 7 
BG a a s i. s 5 
RH cts s Ct a s 4 
Gli s a s a 6 
MJ s i s 7 
JL s s s s 6 
vtM e Ct s ni s Ct a ct 2 
HM s s s 7 
VL1 c 1 8 
AO s s s s 7 
GP e i i i i s 4 
VIP et e s 7 
JR s 9 
AS e s s ct c 5 
RS cta 8 
CS s s 8 
LT 10 
EV s s s s s s s s ct s O 
11W s ct s cts 5 Mh i s 8 
JW s 9 
MWlni ni a s a s i e 2 

_____ 6 7 13 2 4 8 8 12 12 18 

_____________ Median 
___________ 

7.20 

Test Given 

1. 2a - 3 a + J1 
2. 3 - a 15 - 2a Directions: 

3. 13 + x - 4x - 2 Find the value of the 
4. 3a - 10 2a 4 unknovm quantity in 

each equation. 
5. 3a - 1 2a - 4 

6. 5a - 2 - 3a - 10 

7. 3a - 5 - 2a 10 - 4a 

8. 8 + 2c - 4c - 24 

9. - 5 * 3c - 7 - e 

10. 12 - llx + 5 - 6x 
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Test X 

Solving Equations 

upi1s 1 2 3 4 5 6 7 8 9 10 Total Corree 
MB s a 8 
GE s cts 7 
BG i et et et et s 4 
RH s a 8 
GH 10 
MJ s 9 
JL e s I s 6 
MM s s et et et s et s s i 
HM s 9 

s s a 7 
AO s s s i s 5 
GP a s s s 6 
VP et s et s et s 4 
JR s s s 7 

e s a a 5 
RS a 9 
CS s 9 
LT s s 8 
EV s s g 7 
HW s s a 7 
MVth e 9 
3W s s 8 
MWI 10 

5 9 3 3 5 1 8 17 14 ______ 

- 

_____________ 
MedIan 7.99 

Test Given 

The test was the same as the one given in 

the preceding test which is shown on page 108. 
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Test XI 

Multiplying Polynomials 

upi1s 1 2 3 4 5 6 7 8 9 10 Total Corree 
MB et et 
GE s s a et et a s in 2 
BG et e e et et et et et 2 
RH e e e s et et et i et 1 
Gli e e et et et s 4 
MJ et e 8 
JL e e s e in o e s e 1 
MM in el ol et 6 
HM 10 
WTvI e e e e et et et 3 
AO et et et e 6 
GP et et et s 6 
VP a e 8 
JR et et 8 
AS a s e 7 
RS e a e s i i 4 
CS e a e a et et et s 2 
LT 10 
EV 10 
NW s et 8 
11W a e et et e 5 
MWh a s e e et e 4 
JW el e e et et et e 3 
MWi s e m et et et et et 

712 9 9 11 15 14 15 11 10 

Median 5.99 

1. 4a 4 5 
6a + 2 

2. 7a - 5 
Ga + 

3. 2a + Sb 
Sa + 4b 

4. Sa + 2e 
4a - 2e 

5. 3x2 - 4y2 
2x2 - 3y2 

Test Given 
Multiply: 6. a2 4. 2ab + b2 a+b 

7. a2 - 2ab + b2 a-b 
s. x2 + x + 1 x+1 
9. X2 + xy .,. y2 

- Jçy 

10. a2 - ay 4 y2 
+ ay+ y2 
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Test XII 

Multiplying Polynomials 

upils I]. 2 3 4 5 6 7 8 9 10 rTotal Correct 

MB e 9 
GE s et s e a s 4 
BG s cts e 6 
RH 10 
OH e et et et 6 
MJ a 9 
JI s e o et e s 4 
1Th lo 
HM a et e 7 
WM a s i et et 5 
AO 10 
GP et et s 7 
W? et et 8 
JR et a et 7 
AS e e e P7 

RS s s et s 6 
CS 10 
LT 10 

10 
NW s et 8 
HW et et et e 6 
MWh e e 8 
JW e et et et 6 
MWi et et et et 6 

___ 1 32 3 912 912 6 4 ______- 
7.88 

Test Given 

The test was the same as was given in the 

preceding test and is shown on page 110. 
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Test XIII 

Short Division 

fPupii 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1920 0K 
MB ii i i i i i 13 
GE e e e e e e e 13 
BG e e e e em mine e e e 8 
RH 20 
GH s s s 17 
MJ 20 
JL e e e e e s a in 12 
MM cecce i i i 12 
HM 20 
WM e e e e ce e e e e e e 8 
AO cecee s s 13 
GP cc e 17 
WP e e e e e in m 13 
JR se e i i i i i e 11 
CS 20 
LT 20 
EV 20 
HW aecece 14 
MWh i i i i i 15 

a a a a a 15 
MWI a a a a 16 
RS cccecc o e e cm mmm m 3 

)01546764 6 6 6 5 9 9111013 4 6 

15.25 

The test given in Short Division is shown on the 

following page. 
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Test Given 

for Test XIII 

1. 5a - 5 11. 21a2 .. 14a 
5 -7a 

2. - 5a - 5 12. - 21a2 - 14a 
5 7a 

3. - 5a - 5 13. - 21a2 - 14a 
-5 -7a 

4. 8x2 j- x 14. 16a3b2 4a2b 
x 4a2b 

5. 8x2 - x 15. 16ab2 - 4a2b 
x 4a2b 

6. 8x2 - x 16. 16a3b2 - 4a2b 
-x -4aZb 

7. - 8x2 - x 17. - 16a3b2 - 4a2b 
X -4ab 

8. - 8x2 - x 18. - 16a3b2 - 4a2b 
4a2b 

9. 21a2 -' 14a 19. 20a3b3 _ + 25 a2b2 
7a 5a2b 

10. 21a2 - 14g 20. 20a3b3 _ 25a2b2 
7a -5a2b 
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Test XIV 

Long Division 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

iB 10 
GE 10 
BG s s ct ct a 5 
RH 10 
GH 10 

lo 
JL e m m e 6 
MM s 9 
HM 10 
W1I m 9 
AO lo 
GP 10 

10 
lo 

AS o 9 
RS 10 
CS 10 
LT 10 
EV 10 
HW m 9 
MTh 10 
JW s o o 7 
MWI e m e a a a 4 

____2 1 0 0 3 3 3 4 4 2 

Median 9.27 

1. x2 + 5x + 6 

xt2 
2. X2 - 7x + 12 

x-3 
3. x2 - X - 6 

x-3 
4. x2 4 7x + 12 

x+4 
5. a2 4 2ab 4 b2 

a+ b 

Test Given 

6. a2 - 2ab + b2 
a -b 

7. a2 - 5a - 84 
a - 12 

8. 6a2 + 7ac 4- 2e2 
3a + 2c 

9. 12n2 + 22n + B 

3n 4 4 

10. 6x2 + 7x + 2 
öx -f 2 
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Test XV 

Short Cuts in Liultiplying 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 
MB a 9 
GE a e 8 
BG e a s 7 
GE ol ol 8 
MJ e e e 7 
JL a ola ni ni ni ni ni s i 
MM s e s s 6 
HM 10 

a 9 
AO e o 8 
JR ni 9 
AS e e e 7 
RS ol ni e 7 
CS e s e e 6 
LT e e 8 
EV e 9 
NW o e a e ola a 3 
HW e 9 
MiNh a 9 
J'V e e a 7 
MWI e e e 7 
GP ol e e e s 5 
WP s e oie e 5 

0 3 7 610 710 7 8 8 

Median 
____ 

7.99 
j 

Test Given 

1. 5(x 7) 

2. 2x(x - 3) 

3. a2(a2 a - 1) 

4. - 2x(x + 3) 

5. 7ab(a + b) 

6. - 3b(- 2b - 3) 

7. 3(a + 2b - e) 

8. a2b(a2 + b) 

9. x2y2(x 4 y) 

10. m(a + b ¿ç e) 
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Test XVI 

Short Cuts in Multiplying 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

10 MB 
mt 9 

RH 10 
Gli mt 9 
MJ 10 

e ol e olmt 5 
HM j 9 

mt mtmt s 6 
AO 10- 
GP 10 
WP mt mt 8 
JR s 9 
RS 10 
CS 10 
LT 1 9 
HW et S s 7 

10 
JW mt mt s 7 ____ 

1 5 0 0 3 2 0 4 3 4 ___ ____ 
Median 9.95 

Test Given 

Directions: Write out without multiplying by the 
long method. 

1. (b i. 7)(b + 3) 6. (2a - b)(3a - b) 

2. (x - 5)(x - 5) 7. (3a + 5)(2a + 2) 

5. (x 4. 7)(x - 6) 8. (4a - 5)(3a - 6) 

4. (a - 8)(a4 5) 9. (3a + 2)(a - 3) 

5. ($c .j. a)(2c i. a) 10. (2a + l)(3a - i) 
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Test XVII 

Monomial Factoring 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB a 9 
BG a 9 
RH i 1 8 
Gil a e 8 
MJ 10 
JI 10 
MM m m f f f c 4 
HM 10 
WM f f m 7 
AO 1 9 
GP 10 
VIP c o i m in 5 
JR c 9 
AS 1 9 
RS i i e 7 
Cs lo 
LT 1 9 
11W 10 

: 

Medi ai 

Test Given 

1. 3e. 3b 6. 3x2 - 3x 3 

2. a2 3a 7. 14e.2 - 21 

3. 5x2 - 20x 8. a2b - a2 

4. m2 - mn 9. abc - a2b2c2 

5.ax-ab 
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Test XVIII 

Sum and Difference Factoring 

upi1 1 2 3 4 5 6 7 8 9 10 Total Correct 
MB 10 
BG i i 8 
RH i 1 8 
GR a in m 7 
MJ i 1 8 
JI m a in e 6 
MM i i 8 
HM o in 8 
V/M c i i 7 
AO i i 8 
GP i i 8 
WP i o 8 
JR i 1 8 
AS in 9 
RS i 1 8 
CS ol in 8 
LT 10 
HW a in a m a in 4 
MWh i 1 8 
JW ol ol 8 
MWI in i 8 

3 3 1 1 13 0 3 14 1 6 _____________ 
Median 7.50 

Test Given 

1. 9x2 - 1 6. x2 - 25 

2. - 7. 16a2 - Bib2 

3. 4x - 9y2 8. x8 - 1 

4. a2 - 9. 4c2 - 49d2 

5. x4 - 1 10. 36x4 - i 
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Test XIX 

Simple Cross Products Factoring 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB 10 
BG c 9 
RH 10 
Gli s s 8 
MJ 10 
JL s s 8 
MM c s s 7 
HM 10 
WM 10 
AO e 9 
GP s 9 
VP mt mt 8 
JR 10 
AS s mt mt 7 
RS s 9 
CS s 9 
LT mt 9 
11W mt 9 
MTh mt 9 
3W s s 
MWI__________________ lo _____ ________ 

1 0 6 2 2 4 1 2 0 4 _____ 
Median 8.62 

Test Given 

1. a2 - a - 6 

2. x2 + x - 6 

3. in2 - 5m . 6 

4. x2 - X - 90 

6. y2 - 9y - 10 

7. X2 - 4x - 21 

8. x2 8x + 7 

9. a2 - 6e. - 7 

5. a2 3a - 4 10. m2 + 6m - 7 
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Test XX 

Mixed Factoring 
?upil 1 2 3 4 5 6 7 8 9 10 Total Correct 
MB in in mtmtm 5 
BG i a f.m f 5 
RH i e f in 6 
GH in in mtmtm 5 
MJ in 9 
JL i m f in in 5 

in f f c S 
HM a 1 8 
Wi'1 c i in m 6 
AO f in in 7 
GP 1 ol f 7 
WP I f in in I e 4 
JR I i 1 7 
AS in in a a a 5 
RS in s s e in 5 
CS 10 
LT ni 9 
11W in f m 7 
MTh 10 
JW in e i e s in e 3 
IvPii I c I olmta f s 2 

U 4 11 6 6 6 17 10 4 4 
Median 5.50 

Test Given 

1. ax2 - a 

2. 9m2 - 25 

3. 2xy2 - 2x 

4. 1 - 4a2 

6. 16y2 - 9 

7. 8m2 - 2 

8. ax2 s ay2 

9. 3x - 

5.9_16y2 10.x2-49 
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MB 
BG 
RH 
GH 
MJ 

HM 

AO 
GP 
VVP 

AS 
RS 
CS 
LT 
HW 
MYth 

JW 
MWi 

Test XXI 

Cross Products Factoring 

2 3 4 5 6 7 8 9 10 

s s s 

s 

a 

s mt 

s 

i 

s 

121 

tal Correct 

10 
7 
9 

10 
9 
8 

10 
10 
10 
9 

lo 
10 
9 

9 
9 

10 
10 

s 9 
s mt mt a s mt 4 

mt, 9 

3 i i Oi 2 2 2 4 3 -- 

____ ___________________ Median 8.94 

Test Given 

1. 3 4. 2e. - a2 

2. 6 4 b - b2 

3. 20 - e - e2 

4. 15 - 2a - a2 

5. 12 s b - b2 

6. 35 - 2a - a2 

7. 10 - 3a - a2 

8. 20 * a - a2 

9. 18 + 3e 

10. 35 1. 2x - x2 
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Test XXII 

Cross Products Factoring 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB 10 
BG ni m ni m m m m s 2 
RH mt 9 
Gli s s 8 
MJ e 9 
M11 10 
11M 10 
WM 10 
AO 10 
GP mt mt 8 
WP 01 s s p1 6 
JR s s s 7 
AS e s 8 
RS s s 8 
CS s s 8 
LT e e 8 
11W s 9 
lYfl'Vh e 9 
JW s e mt 7 
MWI 10 

5 4 5 5 3 3 2 3 2 2 

Median 8.13 

Test Given 

1. 2x2 - 5x - 3 

2. 2a2 + 5a - 3 

3. 2x2 - X - 3 

4, 2 + - 

5. $x2 - lix - 4 

6. 3a2 lia - 4 

7. 6a2 - 5a - 4 

8. 6x2 t 5x - 4 

9. 6m2 5m - 6 

10. 6x2 
.. 5x - 6 



Test XXIII 

Mixed Factoring 

Pupil 
I 
1 2 3 4 5 6 7 8 9 10 

MB f o in 
BG in f e o o e o o 
RH i i i i 
Gli f f f m s 

MJ mt 
MM o o f m in in z 

HM 
WM m in s mt in 

AO i in 
GP ol e mt 
VP f f f f i 
JR mt 
RS mt f i i 
CS in 

LT mt i o 
HW e mt s s in s 

3W ints i o 
MWi in f o f i 

7 6 3 2 8 iO 3 5 

Test Given 

1. 18x2 - 2 

2. 2x2 + 2x - 12 

3. ax2 . axy -t ax3 

4. 8x + lOx 4 3 

123 

Total Correct 

7--- - 

2 
6 

5 

9 
3 

lo 
5 
8 
7 

5 

9 
6 

9 
7 

4 
10 
6 

5 

Median 6. 

6. in2 - 9 

7. 3m2 - 27 

8. a8 - i 

9. 3 * 2x - X2 

5. Ba2 22a + 5 lO. a2 - 2ab + b2 
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Test XXIV 

upi1 1 2 3 4 5 6 7 8 9 10 Total Correct 

6 MB ol in in i 

BG in o o i o o in in a 1 
RH f f 1 7 

GH e e s f f m 4 
MJ 1 9 

I1M s ol mt 1 1 5 

HM 10 
MVI i. in in i 6 

AO mt 9 
GP in 9 

m o s m f 5 

JR mt s 8 
RS i m C 1 6 
CS in 9 
LT m i 8 
11W m s in 7 
MWh za 9 
JW s mtmt in 6 
MW mt in s in m 5 

1 8 3 3 3 7 2111112 

Test Given 

1. a2 + 7a + 12 

2. in4 + 3m2 - 40 

3. 6a + 7a - 2 

4. 5y2 + 3y - 2 

6. 100 - 20a2 + a4 

7. e2 + 2cm .,' in2 

8. 2x2 4- 2 

9. 2x2 - 2 

5. 6x2 - X - 2 10. a4 - 16 
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Test XXV 

upu 1 2 3 4 5 6 7 8 9 10 ITotal Corre 
MB 8 9 
BG mt s s s i 1 4 
RH s 9 
GH mt s s mt mt 5 
MJ 10 
MM 10 
HM lo 
WM s 9 
AO 10 
GP 10 

s mt e mt mt s s 3 
JR 10 
RS mt 9 
CS 10 
LT. 10 
HW s mt mt 7 
MYth mt 9 
J_W mt 9 
MW s s 7 

1 0 5 2 3 4 1 8 33 
Test Given 

1. a2 4. 5a p 6 

2. a2 + 4a -. 3 

3. X2 - 5x + 6 

4. x2 - 4x * 3 

6. m2 - 5m + 6 

7. x2 - x - 6 

8. a2 - 5a j. 6 

9. 2x2 - 7x - 4 

5.m2-6m*8 10.2x2-5x-12 
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Test XXVI 

Pupil 1 2 3 4 5 6 7 8 9 10 Total Correct 

MB in a o in s a 4 
BG f 0 010 0 i f 3 

RH a in 8 
GH in in e i in s m 3 

MJ o i 8 
MiI in m oie e i S C 01 1 

HM e f 8 
Th1 o in in f 6 

AO a f' 8 

GP in a s f 6 

WP e a f f 6 

JR in i 8 
RS in in 1 7 

CS int 9 

LT in mtf 7 

11W s in i 7 

MVth in 9 

3W in in 1 6 

MW f in a mt f 5 

2 6 3 4 511 511 716 

Test Given 

i. 5x2 - X 

2. 9a2 - iBa 

3. 3a2b2 + 2ab 

4. b2 - a2 

5. in2 - 6mn + 9n2 

6. b2 - 

7. a2 -i 20a + 99 

8. ax2 - 4ax + 12a 

9. 2y2 .. y - 6 

10. 2x2y - 34xy 4- 60y 


