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CHAPTER 1.
THE PROBLEM
The problem of the weakness in fundamental processes of
arithmetic among our high school general mathematics pupils is
indeed one which needs much study as to its prevalence, its
causes and the means of remedying the situation. It is not a
new problem, one that we can blame "on the times." "In nearly
all secondary schools there are at least a few pupils who have
not learned the fundamental operations of arithmetic. If these
pupils are ever going to make a successful adjustment to high
schooi mathematics it is imperative that they be identified,
their weaknesses diagnosed, and corrective treatment applied...
All the kinds 6f tests mentioned--aptitude, achievement and
diagnostic--are potentially useful in guidance.”l
It is unfortunate that the weaknesses of our pupils are
not recognized and corrected long before they arrive at the
secondary school level. Yarbrough lists seven causes of
failures in arithmetic, one of which is, "Teachers are failing
to recognize, diagnose, and correof errors found in the work

of their pupils as soon as they appear."2

IArthur E. Traxler; "A Testing Program for Mathematics at the
Secondary School Level'; The Mathematics Teacher; Nov.
19463 p. 308-309

2Dorothy Yarbrough; Diagnosis of Pupils' Errors in Arithmetic

with a View to Corrective Work Carried on through the
Cooperation of the Teachers; unpublished Master's Thesis;
Boston University School of Education; 1938; p. 108




If nothing is done about an error which occurs at the fifth
grade level until the child is in the tenth grade, an incor-
rect habit has been made so strong that remedial work will be

very difficult of accomplishment. Then too, a single error

corrected early in the arithmetic history of the child will

prevent the occurrence of many other related errors during
his _progress.

"Moo often the small failing group in a class is over-
looked, and the pace of the class work is set for the whole

class by the brighter group."l

-As free public education is
for all the children of all the people, the teacher should
consider the needs of every pupii, not merely the majority.
It is these weaker souls.that really need and should have far
more of the teachers! time and thought than is usually giveh
to them. We need to search out their weaknesses, find the
cause and rebuild, if neéeSSary,.theii foundations so that
their future progress will be happler, easier, and thereby
more successful.

"Tnadequate mastery of fundamental terminology, concepts
and skills is probably the most outstanding cause for the
difficulty encountered by individuals of all ages in dealing
with anything of a mathematical nature."® It is with the
lF. Lynwood Wren; "Secondary Mathematics"; Article in Encyclo-

pedia of Eduoational Research; Walter S. Monroe, Editor,
The MacMillan Co.; Boston, 1941; p. TO7

zIbid.; p. TOT




fundamental skills that we are particularly concerned in this
thesis and we‘see here that Wren feels that weakness in this
field is responsiblé for difficulties in many léter mathe-
matical experiences. A point which cannot be stressed too
strongly is the use of the word "mastery" in the above quota-
tion. Nothing short of thé goal of mastery will do when we
are considering the ability to use the fundamental processes
of arithmetic. | '

We often excuse.errors in the work of a pupil by saying
that he is careless, or that he really knows better. An
erroneous aséumption related to this thought is that we
taught, therefdre he must have learned. Speed tests often
bring out this type of weakness and ought never to be used
until we are sure that the goal of méstery has been achieved
concerning the process with which we are working.

Our problem of weakneéS in the fundamental processes
may well then be considered as incomplete mastery of the.
same. Anything short of mastery should be cause for concern
on the part of.the'mathematios teacher as early in the expe-
rience of the child as it occurs. |

This condition of weakness and the possibilities of
remedying it was brought particularly to my awareness several
years ago, when Practical Mathematics was a regquired subject
fbr all tenth grade boys. One particular lad, a fine,
courteous young man (and football star) failed the subject in

the first quarter. His mother came in to see me and, in a




very pleasant way, asked that I give her son "a break" and
pass him. She based her requeét-on the fact that all through |
Junior High School he had failed in mathematics. In the
course of our diséussion it was brought out that he was
absent from‘sohool for six months during the fifth grade with
rheu&atio’heart trouble. Also brought to light was the fact
that his major arithmetic difficulty was in the field of
decimals. The boy was given "a break", though not exactly in
the way that his mothey expected, Fach day a part of the
mathematics period was spent by him in ﬁsing that portion of
a good workbook that dealt with decimals. I pointed out to
both him and his mother that I felt I could conscientously
give him a passing grade only if, in my judgment, he had made
progress by doihg this special work. pHe did progress very
definitely and by the latter part of the year was able to
compete oreditably with the rest of the class in dealing with
logarithms. This most certainly would not have beeﬁ pbssible
with his prévious weakness in decimals.

- The following year the subject was put on an elective
basis and therefoie some of the poorest mathematics students
probably eliminated themselves from further labor in this
field, ;However, it seemed advisable to put this "identifica-
tion, diagnosis and corrective treatment" on a more scientific

basis.




CHAPTER 2.
THE GROUP

The first question that arises is why these people have
taken the particular subject and what do they hope the time
sﬁent will do for them. A few are girls, planning on entering
thé field of nursing. They aie very definite in recognizing
the need for strength in arithmetic computation and the
elements of algebra. The majority of the students, however,
are boys who will, nearly all, go to a trade school, appren-
tice school or directly into industry or the armed services.
They are not taking mathematics for fun or because it is easy
for.them, but in practically all cases because they see its -
necessity and importance to them in their rersonal careers,

Page 6 gives the results of asking a group of forty-six
Practical Math. I. students to record their answers to two
questions wh}ch are pertinent at this point. First we ask,
"Why did you take this subject?" and second, "What do you plan
on doing after graduation from high school?" The pupils were
t0ld not to put their names on the paper so that as true a
response as possible would be'made. Only three elected the
subject becaiise they expected it to be easier than college
mathematics. Two were forced into the class by parents who

we may presume recognized the need and value for their chil-

dren. Those listing college and engineering plans had had a

difficult time with algebra and wished to get its fundementals

more strongly in mind before going on to their geométry.




Table 1.

Table 2.

Reasons given by pupils in Pract. Math. I
for taking the course (1952-1953)

Better foundation . 11
Likes mathematics

Helpful later -

Weak in algebra

Not ready for algebra
Refresher at 12th grade
Needed for nursing

Basier than college math
Parents'! demand

Needed for Technical School
Did not pass geometry
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Future plans of all pupils taking Practical
Math. I, 1952-53

Trade Training School
Tursing

Military services
Business School
College
Engineering
Buginess

Police

Mechanic

Married

Aviation
Commercial artist
Electrician

Trade horses (Girl)
No answer
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"Tt is imperative for the teacher to be informed reliably

concerning the ability of his students and of their mastery of

' the ‘content of the subject being taught, if he is to adapt his

instructibn to their Varyihg levels, correct their wesknesses,

1

predict their success in advanced-courses, and afford them

guidance in accordance with their predispositions, attainments
and funétioning interest."l A single test result or item of
information is insufficient fér the above purpose. We need to
know each individual as well as possible and gather as much
information as will enable us to see his strengths and also
hisg Weaknesses.

"Wwithout some plan of discovefing the particular defects-
of a pupil or a class, the work of the teacher is likely to be
more or less futile."?

The fifst step in 6ur plan is to secure as much informa-
tion concerning ﬁhe,individual pupils aé is already available
in the records of the school. In many of our schocls today
$his information is all o be found on the cumulative record
card which contains all data collected from Grade I to
Grade XII., This information and that which was subsequently
secured as the program‘developed is all recorded in Table 3.
on pages 8 to 17.
lArthur E. Traxler; "A Testing Program for Mathematics at the

Secondary School ILevel'"; The Mathematics Teacher. Nov.

1946. p. 308=309

2
David E. Smith and William D. Reeve; The Teaching of Junioxrx
- High School Mathematics; Ginn and Co., Boston, 1927; n» 330
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Table 3
Cumiletive Record Card Dsta and Subsequent Test Results of

91 Pupils
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In the first column we find the sex of the pupil.
Pable 4 on page 18 gives the numbers of each'éex in the special
group of ninety-one pupils that this study covers. These
| pupils were those from all students baking Practical Math. I.
whose scores on the Inventory Test, given at the start of the

cdarse, fell in the bottom thifty per cent,

Table 4. ADistribution by Grade and Sex

— ——V :
.1 GradeX | Grade XI | Grade XIIT { Total
Male 54 ‘ 20 5 71
Female - | 7 2 5 14
QBtal .. 61 ' 22 - 8 91

We cannot say\from this result thét sex 1s a determining
M factor in low mathematical ability, because 85% of this speciél
group are boys, as compared to 87% of all Practical Math.
classes thafvhave been studied over a period of several years.
Sex; then, need not'be considered in any further study of this
problem of ours. | J

The grade level of thé students taking this course is
tabiilated next in Table 3. There are, as indicated in Table 4
on page 18, a very few 12th graders, a fairly large group at
the 11lth grade level, and a considerable majority are to be
found in the iOth grade groﬁp. These numbers are significant
only when we know the make-up of the entire group taking the
subject. The 12th graders we may disregard, as they are wery
few in number in all of the classes under consideration. The

11th grade pupils who are in this special group are 32%
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of all 1lth graders taking Practical Math. I. Our deduction
from this fact is that, after having terminated their mathe-
matics‘at the end of the ninfh year, they discovered for them-
selves that their'serious weakness in arithmetic would be a
real handicap to them later in life. They had no knowledge of
what would be done about this weakness in thé practical mathe-
matics class, but their own awareness of a difficulty makes
the treatment easier and éatisfactory results‘more poséible.
The,next item that we find in Tabie 3. is the ages of
the pupils under consideration. This age is as of September
in thé year fhat the subject is taken. Table 5. on page 20
shows graphically how the pupils in our special group under
study compare with the average age for their particular grade
level. At the grade ten level the average age in the school
used in this study is 15 yeérs 4 months; If we consider one
year above or below this average as constituting a normal
group, there are twelve pupils decidedly overage. In the
grade eleven column we see five who are definitely beyond the
average age for their grade. In the twelfth grade section we
find none who are out of line seriously. There are two con-
clusions that may be drawn from this information that may be-
gin to create a bicture of our problem. First, some of these
pﬁpiis may -have started in school af a later age than the
majority; and, second, dzt their reaction to the school

| experience was so poor that they repeated one or more grades
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Table 5

Ages of'Pupilsrby Grade Levels

i e - . ——
Ages Grade 10 Grade 11 Grade 12
18- 7 1
18- 6 1
18- 1 1
18- 0 2
17-11
17-10 ;
17~ 9 K 2
17- 8 1
17= 7 1
17=- 6
17- 5 '
17- 4 1 Median
17- 3 1 ' ,
17- 2 1
17- 1 1
17= O 1 1 1
16-11 1 4 2 ‘
16-10 1 - 1
16~ 9 1 ,
16- 8 2 |
16- 7 2 .
16~ 6 1
16- 5 7 1
16~ 4 1 1
16- 3 2 Medgan
16~ 2 1 : :
16=- 1 2
16- 0 1 1
15-11 3 1
15-10 3
15- 9 2 2
15- 8 2 Q
15- 7 1 ‘ ,
15~ 6 2 Note: The medians are
15- 5 4 for the entire
15~ 4 4 Median school of
15~ 3 3 approximately
15- 2 3 2000 pupils
15—~ 1 1
15- 0 . 1
14-11 2
14-10 2
14- 9 4
14~ 8 2 v
14- 7 3
14~ 6 1
]
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along the way.

Thei}’weakness in mathematics at the present'time may
well be due to this poor reaction to;the educational program
and, if so, we need‘to reorient their thinking. ZPart of the
success we may achieve in the remedial work that we contem-
plate deﬁends upon a.révised attitude’towards mathematics in
particular and probably school in its entirety. As they draw
near to the time when‘they will leave school to go out into
the world, they becage increasingly aware of thelr mathe-
matical needs and stortcomings. This awareness on their part
makes the problem of remedial work far less difficult than @ >
would otherwise be the case.

Another item that should be kept in mind when dealing
with those who have missed out for so long is:the matter of
teacher personality. The teacher who leads the child
patiently, quietly, yet with evident confidence can attain
. greater results than he might were hé to depend on scientif-
ically devised drill exercises alone. Sincerity on the part
of the instructor is a very potent medicine with which to
treat those with mathematical ills.

We now come in Table 3. to the column headed I.Q.

Table 6. on page éZ’gives,the scores attained by a represent;
ative group of the school population oonsisting of 1070 mathe-
matics students in both college and generél curriculas., The

decile norms were based on this total group of 1070 cases.
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Table 4

Intelligence Quotients (0tis) Grade 6 Level

(Latest available)

Intervals Group 1 - Group II
All Math Students Group Having Weakness
Both College and in Math. Ability (91)
General (1070) ' ’
142 = 145 T
138 - 141 6
134 - 137 12
130 =. 133 19
126 - 129 1)
122 - 125 N 54 1
118 - 121 T 94 1
114 - 117 117 6
110 = 113 136 10
106 = 109 128 Median 10
108
102 - 105 © 116 15
98 = 101 103 10
94 - 97 86 10 Median
89
90 - 93 61 11
86 = 89 33 5
82 - 85 35 8
78 - 81 17 2
T4 - 77 -5 2
70 - T3 3
66 - 69 3
Range 67 = 145 Deciles - Group I
- . O - 65 15
Median 108 lst -- 90.2
2nd -~ 96.8
Cases=- 1070 3rd -- 101.0
4th -- 104.8
5th -- 108.3
6th -- 111.4

Fs

petd

Tth -- 114.8
8th -~ 118.5
9th -- 124.0
10th -- 145.5
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The scores are obtained from the Otis Quick Scoring Test of |
Mental Ability--Beta--Form B. as given at the sixth grade
level, the latest on record in the system used for this study.
- The scores of the group used in our analysis have been placed
+to the right of those showing the total group range. We can
see from this graphic representation that their range and
medisn are not too serious by comparison with the total'groupf
The general picture shown is that they are about ten points
below the entire group. Nearly half of these folks ére at
the 100 I.Q. or better and this fact is most encouraging,
since the I.Q. signifies,‘presumably, that these are reasonably
educable. Probable success in a specific subject, mathemétics,
is not necessarily predictable by these I.Q. scores. In fact,
the correlation betwgen I.Q. and mathematics ability is
decidedly low (-.19) as shown by‘the correlation chart Table 9.
on page 29.

The last group of facts that we derive from the usual
cumulative record card is the average mathematics marks in
grades seven, eight and nine. These are'summarized in Table 7.
on page 24, aﬁd, in the case of most of the group, are the
first facts upon which we can base our judgment of the need

 for remedial work to be done. Even these letter marks are
certaigly not to be usedias a scientific basis for deciding
who sh&uld be given remedial help. The As and Bs and probably
many of the gs would, in themselves, suggest that the pupil

was. in no particular need of remedial work. If those letter
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ness rather than achievement.

the later measured ability is found to be so low.

marks were as objective as they should be in mathematics
classes one could hardly'expeot to see such high marks when

Some

teacher in the pupil's hisfory must have been marking on good-

Table 7. Junior High Yearly Average Marks
" Mark% | Grade VIT | Grade VIIT | Grade IX Potal
pr—T T A = T
B 5 1 T. 13
c 230 35 29 94
, L 31 30 35 96
| D 16 21 18 55
o :
#A = 90-100
B = 80- 89
C = T70- 179
T = 65~ 69
D= 0~ 64
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CHAPTER 3.
PROCEDURE

The information on thé record caxds is then of but small
value to us in determining the degree with which an individual
hés:mastered the fundamentals of computation. As an inventory
is necessary in business establishments at the beginning of the
new year, so also we need, with the beginning of secondary
school mathematics, to ascertain as accurately as poséible what
each pupil has as a foundation with which to work. There are
many standardized tests published from which a choice could be
made fo; this purpose or the teacher might, with a proper amount
of research, devise one for his own purposes. Great care needs
to be taken in making a choice in order that the test will
adequately measure so broad-a_field.

The aims of the course of study will be an important
determinant in this selection. Since a major aim of the course,
Practical Mathematics I., is preparation of the students for
training in or work experience of industry, the test chosen
for use at this:point is rather unique. This test was compiled
for use by the sheet metal industry during World War I in
selecting young men for training in that branch of the war
effort. It was printed in the October, 1922 dsgye of the
Industrial Arts Magazine and appears, in the light of the

test-retest correlation shown in Table 14 on page 52, to cover
our needs very well. Mere examination of a test, however, is

insufficient ground for determining its worth in a specific
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situation. It needs to be used and the results appraised in
the light of the group tested and the information gained.

The test (page 27) was given‘to all pupils taking Practi-
cal Math. I. during the first week of the course and the
range, median and decile scores have been obtained from 905
students over a period of several years. The scores of the
pupils under special study (Group B) are placed beside the
range of Group A (Table 8). Bach pupil in Group B can now be
compared with the entire group by means of his decile score
obtained.

AS a means of determining what would come next, those
R pupils found to be in the lowest thirty per cent of all

students taking the test were considered to be serious enough

problems to warrant further testing and special remedial work.

This position on the scale was taken arbitrarily and does not
consider that many with scores above this point might profit
by the program to follow. It would be difficult,_howevér, to
justify the time and work invoiVed when thefe probably would
be but little real increase in ability.

"Peaching success in mathematics depends very materially
upon the effective use of diagnostic techniques and the |

complementary remedial procedures."l At this point we need to

g, Lynwood Wren; "Secondary Mathematics"; Article in Encyclo- ‘

pedia of BEducational Research; Walter S. Monroe, BEIitOT;
The MacMillan Co., Boston, 1941; p. T07




MATHEMATICS INVENTORY TEST

TEST #1 - TEST #3
1. ADD--607+396+275+609 1« Change 10/16 of an inch to
2. - 3759+46082+9603+7891 ~ 8ths.
3.  6.57249.371¢6.20547.864 2. How many sixteéenths in 3/4 in?
4. ‘ 8,5¢7.906+3.908%7.5 3s How many thirty-seconds in
5+ SUBTRACT--3841 from 9006 3/4 inch?
6, . B7i36 M 79,21 - 4: Which is greater: 13/16 or

7, 5.875 " 298 © 7/8 of an inch?

8. ‘ . 2.4578'" 8,72 - 5. Which id greatery 3/10 or
0, < 16,9 "' 897.2 3/12 of an inch?

10, 344176 " " 198.1 6. Change to improper fractions
11. MULTIPLY~*576 by 38 S . 4.1/8

12. \ 894 o262 7. 7 1/2

13.. 79.2 "' 68 - 8. 3 3/4

14, : 62.4 " 1,45 9. . 2 1/6
15, - 3,7226 " 2,008 10. 1 1/16 ,

16, DIVIDE~---3927 - " 3 11. Express in whole or mixed
17, 3746 " 5,1 numbersg: :
18, 17226 " 783 o, 21416
19. "8.3895 " ,235 12. - 8/8
20.. 34 41548" 02631 13, 24/3

. 1+, - 72

TWST #2 : 15. 121/12

, 16, A pound of alloy is made of
1. ADD 1/8, 1/4 "3/4, 1/2 5 parts zinc, 2 parts tin,
2. 5/16 3/8 ’ 5/52 4 1 part lead. Vhat fractlon
3. 11/4, 3 5/8, 21 64, 3 3/16 . of a pound of zinc, tin, lead
4, 1/4, 16 3 &, 2 3/4, 6 1/16 . is in the alloy?

. 5. SUBTRACT 3/16 from .1/2 17. A steel plate 2'6" wide is to
B+ 5/16. - M 3/4 : be sheared into 4 strips of
7 ' 5/8 " 1 5/16 " equal width, How wide will
8." : 13/4 27 1/16 each strip be in inches?

9. 2 5/8 8 9/32 18, Express in terms of lowest
10, 7/16 4 3/64 common denominator 5/16,

1l. MULTIPLY 1 7/8 % 1/8 3/4, 9/32.

12. 33/4 " 9/1e 19.. How many steel pins to be
13.. 53/8 " 2 3/8 - finished 1 1/2" long can be
14.. 6 1/4 517/8 cut from a 7' rod if we al~-
15. ~ 53/4 " 8 1/4 . low 1/%" to be wasted in:

16. DIVIDE .9225 by .375 : cutting each pin?

17, 16 3/4 " 1/8 20, If an alloy is 67% copper to

18. . 34 1/16" 6 3/8 - 33% zinc, how many pounds of
19. . .39035 " - .5275 each metal in a casting

20, 47 1/4 " 1.75 . weighing 75 pounds?
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Table &

.....

Mathematics inveﬁtoryvmeét Results-aﬁd Norms

Group A

Group B

Intexrwzals Scores all Group with Math] Retest at close
" | Students (905) |} Fundamentals of year. Group B
Weakness (91) '
58 - 60 11 1
55 = 57 59
52 - 54 125 10
49 ~ 51 177 22 Md. 50
46 - 48 189 Median 47 13
43 = 45 122 23" 6.
40 =42 . 89 25 Ma. 41 5
37 = 39 49 15 2
34 - 36 34 10 1
31 - 33 AT 4. '
28 = 30 13 5 1
25 = 27 i 1
22 - 24 6 3
19 - 21 4 3 1
16 - 18 1 1
135 - 15 1 1
10 - 12 :
7= 9
4 - 6 1
0= 3 ,
Range 6 = 60 Deciles ~ Group A
0 - 395
Median 47 1lst -- 37.4
' ' 2nd -- 41.7
Cases 905 3rd -- 44.2
) 4-1;h "'"\4'603
5th -- 47.6
6th -- 49.1
T7th -- 50.1
9th -- 54.0
10th

- 6005
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Table 9. Correlation Between I.Q. and
Mathematics Inventory Test

Mathematics Inventory Test

15- | 18~ {21= |24~ 27- |30= {33- 36-1{ 39~ | 42~
17| 204 235 | 26 29| 32| 35| 38| 41| 45
o .
80 1 2
81~
85 1 1 4 3
6=
%50 | 1 2 4} 2|1
91~ : »
95| 1 1 1 1 1 1 1 5 .
90- T |
100 1 1 3 1 4 | 1
@
=ho1-
o] 105 1 1 1 3 6 6
HL06- Ly
Of 110 2 1 2 2 4
g
111~
115 1 3 8
116~ T T
120 1. 131
121~ ’
125 1 1 &

~ Qoefficient of Correlation = -.19
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search out in more detail the particular weaknesses of each
case., This search is facilitated by the use of one of the
numerous diagnostic test forms to be found in guidance or
testing laboratories. "It is the purpose of the diagnostic
“test to find out, if possible, why any Spgoial pupil is
unable to succeed; and to reveal strengths as well as weak-
nesses. In addition to this the pupils assist the teacher
greatly by locating not only their particular difficulties
but the causes of these diffiouities as well."l Here again,
the teacher must select darefully and intelligently the best

that is available in his own situation.

For this purpose in our study the Basic Skills in Arith-
mebic Test of Colorado State College of Educabion, published

by Science Research Associates, was made available and gave
the data necessary to proéréss more intelligently toward our
goal of real improvement for all those who needed help so.
desperately. A copy of the test is insexrted as pages 31 and 32
and is followed immediately by a copy of the diagnostic record
sheet which graphically analjses the specific difficulties of
each case. _ | o

"In our testing we must always remember that we are not
examining grades; but individual children."2 The +time needed

1David E. Smith and William D. Reeve; The Teaching of Junior
High School Mathematics; Ginn and Co., 1927; p. 330

2S. C. Garrison and Florénce Ryan; "Age=Grade-Sex Percentile

Norms for Some Educational Tests"; Peabody Journal of
BEducation; Vol. 1, No. 2; Sept. 1923




FOIMA 31

TOTAL SCORE

PERCENTILE

Colorado State College of Education

BASIC SKILLS IN ARITHMETIC TEST

b
William L. Wrinkle, Professor of Secondary Education
Juanita Sanders, Assistant Professor of Mathematics

Elizabeth H. Kendel, Associate Professor of Mathematics

NAME GRADE AGE DATE OF BIRTH BOY GIRL

SCHOOL cITY TEACHER DATE

READ THIS PARAGRAPH CAREFULLY

This is a test of the simple skills in arithmetic which you and other
people most frequently use. The purpose of the test is to find out
how accurate you are in using these skills. Although you will have
as much time as vou need ta finish this test, you should work as
rapidly as you can without making mistakes, and you should not
spend too much time on any one problem. The problems have
been spaced so that you will have plenty of room to work out your
answers on the test paper itself. After you have worked out the
answer to each problem, record your answer in the Answer Col-
umn at the right of each page.

~ published by
SCIENCE RESEARCH ASSOCIATES
57 West Grand Avenue, Chicago 10, Illinais

Copyright 1943, by Science Research Associates, Inc.

Q-91-8 Please use number 7-371 when reordering this test booklet.
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ANSWER COLUMN ANSWER COLUM
5 s

1) Add @ Add @ Add @ Add @ @15){3%: @2%)(3%: 32
7 8 36 479 =
0 9 98 894 @ @
i 2 65 273 34
3 . e SNCIE. (8 -2 _
¢ 18 o5 &)z +2= . ®3ie @ 6+1=
% 35
©
@ Subtract @ Subtract @ Subtract 5
763 4730 3001 6 £ ! Write 15 thousandths as adecimal. 37
i o o © @ @
e T 7 @ Which of the following is the way you would read .06?
\ (six-tenths) (six) (six-thousandths) (six-hundredths) ___ 38
(8) Muepy - (9) Multiply Multiply (1) Multiply ()
0 789 945 820 9 Rearrange the numbers in the next two problems so that
8 67 308 40 the largest number is first and the smallest is last.
i i S N 10
7 007 .08 39
@ largest middle smallest 8
10 -

043 23 3
largest middle smallest

' In answering the four division problems which follow, write the remainders (if there are any) as common fractions: Clliavige |9 # & commeon Baction. "

(12) Divide (13) Divide Divsae
410

@

Change ;— to a decimal. (Leave the remainder as

3 j? 830 9 )76801 13 a common fraction after the second decimal place.) — @
; 14 T+849= (34) $576 452590+ 8.49=5 (83 -
Divi
© s & @
42 j8 526
() s1380—8717=8 )2
Take $8.11 from $10.00. The remainderis § @ $
. ! Change each qf&e%owi:g to its .n'mpimfom. . @ . $5.47X10=$ 35 =+=10= 47 $
(16) 15 = 3-= 142= O
10 8 3 17 48
@ Place the decimal point correctly in the answers to the O
o 3 5 Sfollowing problems. Add any zeros that may be needed.
| — — —_—— - 19
Change to a mixed number: 5 @ 27=7 T E O = 06X.9 = 54 @ $3.75X.6 = $2250 49
4
(22) 7 is what part of 28? % : = o8
= @) o757 ()25
251925 G
(23) 4dd Add (25) Add @) e 75
3 75 - 52
3 2 s
39, 155 ry @ 75 i ; g
o1 1 £ 175 37 53
125 43 — 37 000
- - 55 (22) 000 @Mj—m (4)25)925 ©
@ Subtract Subtract s, | @ Subtract 7 E
| | 25 o T75
L 15 23 - 175
? 82 - i ( 175 559
1 i 8= 000
3 =3
% Change the following decimal numbers to per cents:
For items 29 through 36, each answer should be written in its simplest form. @ @ 04 = % @ 025 % @ 1g=____ B @ %
fs 3 _ 2 Ly &= 4 %o
@) 7of 5= (3028 x5= (D 3x5= (30) ©) .
' 5? 0
. &) G2

PAGE 2



ANSWER COLUMN

®

WRESB S 1.2 decitnal, 1 wtr - 58

®

Writc-%*% asadecimal, 59

Wrke 105k aia decimal, oo e @

Changcﬂ;-to percent. % 61

Change 40% to a common fraction. 62

How much is 2% of $3.50? $____ @

How much is 12 %of $160? $____ @

Howmuchis 150% of $50° % 65

$5is what percentof 8502 % @

What per cent of $100is 3002 % @)

Harry Jackson loaned $500 to James Smith for six
months. He charged Mr Smith interest at the rate of

%
$
$
§
%
%
$

6% per year How much was the interest on the loan? §__________ 68

PAGE 4




DIAGNOSTIC CLASS RECORD SHEET

Sor use with the

Basic Skills in Arithmetic Test

by W. L. Wrinkle, . Sanders and E. H Kendel
Colorado State College of Education

This diagnostic record sheet is designed
to help the teacher identify the specific
difficulties encountered by each individ-
ual student and also by the class as a
whole in the use of the fundamental arith-
metical skills measured by this test.

After scoring the tests, enter each stu-
dent’s name, raw score, and correspond-
ing percentile rank on the record sheet.
Then, indicate in the proper columns the
errors and omissions made by each pupil.
The basic skill represented by each test
item is identified at the top of the column,

for example, problem 1 is an addition
problem with zero difficulty, and prob-
lems 24 and 25 are addition problems in-
volving unlike fractions.

The tabulation of each student’s errors
will provide a basis for appropriately di-
rected individualized instruction. By total-
ling (vertically) the number of errors
made by the entire class in each type of
problem, the teacher will be able to de-
termine which basic skills might profit-
ably be given attention by the class before
work is begun on more advanced skills.

Published by
SCIENCE RESEARCH ASSOCIATES
57 West Grand Avenue, Chicago 10, Illinois

Copyright 1945, by Science Research Associates, Inc.

Please use number 7-37T when reordering this class record sheet.

33
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Class Distribution Table

Total Number

Right Tallies

Frequency

68

64-67

60-63

56-59

52-55

48-51

44-47

40-43

36-39

32-35

28-31

24-27

20-23

16-19

12-15

8-11

4-7

0-3

Numberof Case

Median

—————— —— e e ———————— e — e ———— e ——— e ————— e -

Durections for Distributing Scores and Obtaining Median

The median 1 is the mid-point in a series in which all
scores have been arranged in order of size. It may be
described as that point above and below which lie
one half or 50 per cent of the scores or frequencies.
The median may be puted by the following steps:

1. Fold page on dotted line so that the RAW SCORE
column on the inside page appears to the left of the
CLASS DISTRIBUTION TABLE.

2. Let us assume that student number one made a raw
score of 46 on the test. Since his score falls within the
interval 44-47, you would put a tally mark on this
line in the “Tallies” column of the CLASS DISTRI-
BUTION TABLE.

3. Suppose that student number two made a raw score
of 59. Then you would put a mark in the “Tallies”
column to the right of the interval 56-59, since his
score falls within that interval.

4. If the next pupil’s score was 44, it, too, would be

tMore detatled” information concerming the computation of
medians and the analysis of lest scores may be found in
TESTING AND COUNSELING IN THE HIGH
SCHOOL GUIDANCE PROGRAM, by John G. Darley,
Science Research Associates, 1943,

recorded to the right of the interval 44-47, along with
that of pupil number one,

5. Use this procedure for distributing the scores of all
the pupils in your class. Then, add the tallies for each
interval horizontally, recording the total in the
“Frequency” column. This shows you the number of
students in your class who made scores of 68, 64-67,
60-63, etc. At this point, you may obtain a rapid check
upon the accuracy of your work by totaling vertically
the numbers in the “Frequency” column. Your total
should equal the number of students in your class who
toock the test.

6. Now you are ready to compute the median for your
group. Follow these directions carefully:

a. Since one half of the scores fall below the
median, we must determine how many scores
constitute 50 per cent of the total number of
scores in the distribution. If you have 27 scores,
half of the number would be 13.5.

b. Now we must determine below what point in
the scale 13.5 scores will lie. Counting from the
foot of your frequency column, total the fre-
quencies, beginning with the lowest interval, up
to but not including the interval which contains

the middle case (13.5). Thus, if you have a cumu-
lated frequency of 12 from the interval 0-3 through
36-39, and there are 5 students who received
scores in the interval 40-43, you know that the
median will be at least 40 and will fall within the
interval 40-43,

¢. Subtract the cumulated frequency from half the
number of scores (i.e., 13.5-12=1.5). 1.5 fre-
quencies represent % of the total number of
scores within the interval. Since the range of the
interval is 4 units, the point desired is %ﬁx 4=1;2
score units above the lower limit of the interval,

d. Finally, add w the lower limit of the middle
interval group the quotient obtained in the pre-
ceding step (404-1.2=41.2), This number, 41.2,
is the median for the class.

The median is called an average of position because it
is affected by the number of scores and not by ex-
tremely high or extremely low scores. It can be used to
advantage in describing & class or in comparing one
class with another. Each student's score may be com-
pared with the median to determine whether his
achievement is higher or lower than the class average;
however, the percentile norms given in the manual
will be more useful in interpreting individual scores,



33

to discuss results of tests With each student in question is
well spent; In a class we can never know surely whether the
individual is reacting favorably or otherwise to our dis-
cussions. |

Before discussing the results of the inventory test and
administering the diagnostic test it becomes necessary to set
the stage for. the acceptance of this information and its
implications by@;not only the individuals concerned, but also
the entire clasé. The first point to be put over is that it
is no disgrace to be weak, but it certainly is one to fail to
use any means fo overcome this weaskness if possible. I find
that with this approach, the ones doing remedial work show no
feeling of inferiority énd are not looked down upon by the
rest of the class. Various poSsible reasons for the failure
of the individuals to acQuire a reasonable facility in the
use of the fundamentals of arithmetic should be discussed at
this time also. This disouésion will help to dispel any
possible attitude of inferiority on the part of the ones who
are going to undertske this new approach to the mastery of
the subject. Some possible suggestions thét could be made
are: first, a prolonged absence at some period in the
elementary school history due to serious illness or a major
operation. Ahother suggééted reason is}the matter of moving
about from one school system at various times. This Wasv
particularly prevalent with the families of military personnel

during the war. The possibility that the pupil may not have
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haét~a teqoher whose personality was in harmony with his own
cannot be overlooked. With considerable tact, we might even
present the thought that some teacher along the way was not
particularly well prepared either from the standpoint of
subject matter or of educational practice.

The importance of this part of the procedure may be
summed up in the following quotation. "The development of
proper attitudes toward onel's work is as imfortant as is the
acquisition of knowledge itself."l Selection of material amd
its administration is a mechanical process, often based on
formulae. Influencing the attitudes of one or a group of
individuals is often dependent upon the pérsogality apd/or
the evident sincerity of the teacher. The pupil canﬂalways
recognize whether we are puttiﬁg on an act oxr aré sincerely
interested in his personal welfare. Remedial work, to be
effective, requires that the teacher be well founded in the
mechanics of the work, but also that his code of ethics in
teacher-pupil relationship be well considered and of the
highest order. ) '

| The Diagnostic Record Sheet shows, bj means of checking
the errors, the main division in which-the pupil is deficient.
The three divisions, fractions, decimals and per cent are the

ones with which we shall be particularly concerned. Whole

L nthony, Kate, et.al.; "The Development of Proper Attitudes

Toward School Work"; School and Society; 2:926, Dec. 1915.
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numbers would be a question with only the most unusual person
at the high school level. After recording the errors for each
pupil, it will be very obvious in which of these three fields
his major difficulty lies. For the group in this study, the
distribution of cases within these three fields was:
Fractions, 22; Decimals, 11; and Per cent, 58.

"Carefully planned review and drill contribute to the
efficiency of any instructional program."l

"Drill only those pupils needing drill and check con-
stantly to see if drill is producing accurate results."?

"Accuracy and facilitj in numerical computation are of
such vital importance, however, to every individual that
effective drill in the subject should be continued throughout
the secondary school period, not in general as a separate
topio.."3

For these people whom we have discovered +to be in need of
drill work in one of the fields of arithmetic shown above, a
choice of material is now necessary that will produce the most
1p. Iynwood Wren; "Secondary Mathematics"; Article in Encyclo-

itor;

pedia of BEducational Research; Walter S. Monroe,
The MacMillan Co., Boston, 1941; p. 708

20. N. Kendall and G. A. Mirick; How to Teach the Fundamental

Subjects; Houghton Mifflin, Boston, 1915

3John Wesley Young; Editor; The Reorganization of Mathematics
in Secondary Education; A Report by the National Committee
_'on NMathematical Requirements under the Auspices of the
Mathematical Association of America Inc., Houghton Mifflin

Co., 1927; p. 7
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Table 10

Basic Skills in Arithmetic Test

Test-Retest Results

Basic Skills in Arithmetic
Diagnostic Test at the
Beginning of the Program

Basic Skills in Arithmetic
Retest at the Half Year

Intervals
66 - 68
63 = 65
60 - 62
57 - 59
54 - 56
51 - 53
48 - 50
45 - 47
42 - 44
39 -~ 41
36 - 38
33 = 35
30 - 32
27 - 29
24 - 26
21 - 23
18 « 20

Frequency Frequency
2
8 9
10 16
12 ' 20 JMedian 58
16 Median 56 , 12
15 6
10 9
5 4
4 1
8 2
2
1
1

Range 1% - 68
Median 56

Cases 1351 .
These Range, Median and Cases are those of the

publishers of the test.




Table 11, Correlation Between Inventory Test
and Basic Skills in Arithmetic Test

Basic Skills in Arithmetic Test

16-{21= | 26~ | 31~ |36- |41~ [46- |51- |56- |61~
- 20 25 | 30 35 40 45 50 55.1 60 | 65
- 1 . —- | ]
17 1
18- ..
20 I
21- ' B
23 : 1| 2
24~ ' B
26 1
e -4 e
of 27~ b
& 29 1 1 2
;:_ ST S - :
of 30~ 1
4& 32 1 2 1 1 |
5
B 5 2| 412 1
36— - | t |
“38 1 1 1 51 4 2
1 .. 1} 51 10l 61 3
42- | ' N
45 1 2] 3 6 7 104

Coefficient of Correlation 73
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satisfactory treatment for the disability. "One important
development growing out of the testing movement has been the
creation of practioe‘exerciSes Which aim to remedy the weak-
‘nesses disclosed by the standardized tests. "L

As there will be three fields of fundamental arithmetic
being taught at the same time that the class as a whole 1s
working on advanced mathematics, the remedial material used
will need to be selfainstruotionallih nature. There is con-
siderable that is published in the form of wofkbooks that
should produce satisfactory results, but nere again sufficient
care in selection will insure the best resﬁlts.

Arithmetic Workbook 7 by Knight, Studebaker and Tate and
published by Scott, Foresman and Company was available within
the department and gave indication of fitting the situation
at hand very well. There are short drills on specific pro-
‘cesses, logically arranged in order of diffioultyu Reference
is made with each exeréise to where the'ooxreéponding Self-
Help instruotional material will be found. The mechanics qf
using the book can be easily explained to the pupils and once
understood they are on their own from there out.

This special work is not extra in any way but is done at

4the same time that the balance of the class is at another

IJohn Wesley Young; Editor; The Reorganization of
in Secondary Education; A Report by the National Gommltte
on Mathematical Requirements under the Auspices of the
Mathematical Association of America Inc., Houghton
Mifflin Co., 1927; p. 136

i




task. Fach exercise is scored and the grades made equivalent
to those earned by the regular students during this part of
the class period. The scores earned on this work are a
definite part of the quarterly grades. It is explained to the
students that it is progress in mathematics that determines |
their marks.

We have discovered a weakness, isolated it specifically
and given a treatment. Some might say that the problem has
been satisféctorily solved at this point. However, fuither
testing is necessary in order to ascertain if progress is
being made and to encourage the pupii himself with evident
improvement. It is too long to walt until the end of the year
to see if the treatmént is working. The pupil might well lose
his incentive and even regress in his ability to handle the
fundamental processes. "If the proper kinds of testé are
given, the progress made by pupils can bé measured, and the
norms of accomplishment thus established can be used as a
guide in discovering the>educationalvneeds of future classes."T,

At the end of the first ten week period of the year
appears to be a reasonable point at which we should be able to
see some real advancement iﬁ many of the cases. At this time
we oquld repeat the inventory test which was given at the

start of the year or work out carefully an equivalent test for

lDavid E. Smith and William David Reeve; The Teaching of Junior

High School Mathematics; Ginn and Co. 1927, DP. 330
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use at this time. A test which is ‘'entirely different in con~-
struction and method'of procedure tends to be more.interesting
and challenging to fhe pupils. It must, however, measure the
same concepts as the earlier one., The Review Test on Funda-
mental Processes on pages 4346 gave both satisfactory and
encouraging results. The chart in Table 12 on page 47 show;s~
the results for all students taking the’subject as well aé

the results for our special students under treatment. The
deciles are based on all pupils (170) taking Practical Math I.
It is graphically obvicué frdm this table that our special
group more hearly distributes itself in keeping with the total
group tested~than it did at the start of the year on the
inventory test. No chart identical with this one in Table iQJ
is available, but if we recall that these ninety people were all,
at or below the third decile earlier, their comparison with
the group as a'wholevis most ehcoﬁraging. An enlarged copy
of this Table 12 may‘weli, with a mo@icum of explanation, be
shown to the class and‘both encourage those on treatment and
Jpossibly surprise the entire group. The results at this

b period are encouraging to the individual pupils, and should
"act as an incentive to further drill with the hope of gaining
yet stronger basic mathematical abilities.

At the close of the half year period is another point
where a check on prdgress is advisable. Readministering the
Basic Skills in Arithmetic Test will show the pupil how far
he, individually, has progressed on this scientifically
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REVIEW TEST ON ARITHMETIC FUNDAMENTALS

Directions: Place an X in the circle which is below

Tthe letter that refers to the smallest number or value .

in each of the following groups.

1.

4.

10.

11.

A 2/3 B 3/4

[y

E 15 F 1/4

A 15/16 B 3/4

E T7/4 F 11/4

A 17/48 B 2/24

E .32 F .3

-A. 1.3 B 919
E .008 F .78
A 1.003 B ,301

E .094 F .409

¢ 1/2

G ’1/2"
o 9/16
¢ 13/4
¢ 7/16

G 27

¢ .85

G .064
C ,013
G .049

¢ XILVI

D 5/6

B 5/12

"D /8

H 2 3/4

D 13/32

H 3.2

D .103
H .904

D LIV

o > 0o H O » oW O » O W O » O BH O » O H O b

6o W o W O W o K o W o W O W o W o W o W o

o Q O @ O Q@ o &2 o QG o @@ O Q o 2 O Q O 2 O Q

o " o W o B o HW o H o ™M o U o @ oW o ® o Y




Q 12.
13.
.14.
15.
16.
17.
18.
19.
20
21

22

25

24

XIX

CD
1/8%,
T5%

5 3/4%
126%
5/8%
1/3

.30

5/8

66.2

XVIII
XLIX

DC

3/4%
375%
5/4%
62.5%’
2
.275
.625

2/3

c

c

G‘«

R

MC

12 1/2%4 & 8%

T+5%

. 3T75%

1 1/4%
6.20%
1/4
3416
6.25

3/16

H.

D

H

- H

MCM

cee
18%
07%

37 i/2%
1.2%
60%

-15

1/5
17/32

.624

O BH O » O BH © P O ®H O P O @®H O P O BH O p» O K O p O B9

O”dObﬂO‘?_!Ode*‘-ElOtdO'dOb:lO"dOtﬂOhiOtUO"d

O @ 0O Q O f O Q O ®M O Q O @ O Q O @ 0 Q 0 ®@ o Q@ O @

o H o 8 o #©H o ”Wd o BWm o U o @m o " o @HdH o "B o W o u o m
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25,

26;
27.
28,
29.
30.
31,
32.
33.
34.
35.
36.

37.

A 9/32 B .375
E 242 F 1/4 |
A 2/5 B 39%

E 62 1/24 F 9/16
B 16 2/3%

A 1/8

E 37 1/24 p 11/32

A 62 1/24 B 6/25

E 76 2/3% F .067
A 1,35 B 1.3%

E 16‘1/2% F. .166
A .872 B 87 1/2%
F .12 1/2

E 1/4

A 66 2/3% B 1/8

G

G

C 62 1/2%

5/16

1/5

9/20

- 60%

5/32
25/64
5/8%
1/3%
.125
1.67

8,76

20%

D

H

D

H

D

D

. 328
9/20
1/5%
5/8
1/64
31 2/3%
66 2/3%
.0075
12 1/2%
16 2/3%
875%
o7

3/4

O » O H O P O B O P O HWH O P O B&H O & O BH © P O ©H O

O W o H o W o "H o W o HH o w o &H o w o W o W o &H o o

O Q o 2 O Q O 2" "0 Q O @ O Q O M O Q O @ 0O QG O L2 O Q

o H om ot oW oY oW o U oM o dYd o™ oY om o o
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38. E .05 F .3 G 3% H 1/10 E F
0 0
39. A 331/3%B 2/5 © .3  D371/2% Ao B
) ' 0 O
40. E 3/4 P T3% G .7 BE 17/20 E F
0 0
What value should be in the vacant space in
each of the following groups? Place your answer
in the space to the right of each group.
41. 3, 6, __, 24, 48
42. T71/4, __, 61/4, 53/4, 51/4
43. 6, 10, 14, -, 22
44. 1«3, 1&9’ ] 3013 3*7 )
45. 1/10, 1/5, 2/5, , 12/5
Place the letter representing the correct
answer in the space to the right of each
example. S
46, 18 in = a) 1'8" ©b) 1.8 £%. c) 180% of a ft.
a) .5 ya.
47. T gt. = a) 28 pt. D) 875% of a gal. €) 35 gal.
d) 1.75 gal.
48, 20 1b = a) 24 of a ton b) 32 oz. ¢) .01 T.
d) 160 oz.

49, 10 min. = a) 10% of an hw. Db) 1360 sec.
" ¢) 1/144 of a day d) 1/12 hr.

50. 20 sq. ft. = a) 2 sq. yd. b) 2880 sq. in.

O @ O Q o ©

©O W o U o o
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" Table 18

Review Test on Arithmetic Fundamentals, Scores and Norms

e

g erhinptina oo

Scores of all

Practical Math.

Pupils ,

Scores of those
with Weakness in
Pundamentals

T

s S ==

Median

' . -
HHE W VUV O VIO AAHFUVIOUIWMWOOGOH AN ol ol

Median

VIHSLDOFDDHDALENDAVINNJUT WD

HA\N

Cases

170

Range 12 - 49

Peciles
(A1l Pupils)

0
1st
2nd
3rd
4th
5th
6th
Tth
8th
9th
10th

Median

29

11.5
18.3
2%.2
25.2
27.2
30.0
31.6
53.0
36.0
49.5
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construoted scale. It is well for him to understand the
difference between his teacher's opinion and an objective
test result based on comparison with many pupils in varying
types of schobl systems and from all socio-economic groups.
Iablejm)on pageASB shows again, by the graphical method,
which is far more understandable to the students than figures
and statistics, that real improvement has been made by the
group. fThe data of Table 3 shows an improvement on this
retest of as high as fourteen points, and also in many cases,
that those with the higher I.Q.s made greater strides than
the ones in the lower intelligence group. The I.Q., as
obtained from the cumulative record cards, is then of some
prognostic value in dealing with these cases. It cannot be
said that it correlates highly with ability to improve in a
specific subject, mathematics, but that the possibilities of
improvement are definitely greater than with the low intelli-
gence group. In fact, the coefficient of correlation here

is found to be only .04. We can never discard even one soul
from our remedial work on the basis of this assumption but
must always consider that willingness and desire to get ahead
can surmount weakness in general intelligence.

Further testing is not necessary, for the time being, to
keep up the incentive of the group. In fact, such a checkup
might easily defeat its purpose if no real improvement were
shown by it. Improvement will not be as obvious from here on

as it was in the case of these first two tests. If the




results to be obtained have not been obvious to an individual
pupil by this time, no further testing results can be suffi-
ciently startling to make him aware of the possibilities for

his pwn improvement.
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CHAPTER 4
SUMMARY

A final test at the close of the year will give the
individual pupils a definite measure of their own improvement.'
This is also quite necessary to prove the value of the program
and indicate to the teacher the need for revision if such be
the case. For this purpose, a retest by the "Inventory Test"
that was used at the start of the year was carried out. This
seemed more logical than attempting the development of a new
equivalent test. Such a new test could only be proved valid
after its use, thereby postponing for a year the cycle of
"measure, treat, and measure" if there were inaccuracies.

Table 8 on page 28 shows the scores for the inventory test
at the start of the year in one cplumn and those on the retest
at the close of the year directly to the right. PFrom this
graphic representation it is obvious that a very real improve-
ment has occurred in a majority of cases. Table 13 on page 51
gives first the amount of improvement in each individual case.
These changes range from 9 to 19 with a median of 9. Since
the test contains but sixty exémples, this would appear to
validate the time and thought put into the program, at least
for a very high percentage of the pupils concerned.

Also on table 13 have been recorded the I.Q.s opposite
each improvement score. The pupil with the highest I.Q. (122)

had a top increase in score (19), and the pupi; with the lowes?d

I.Q. (76) was among those having no increase in score. ~However,
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Table 13

Change in Score on Inventory Retest

at the Close of the School Year
Increase | Number | I.Q.s (Otis) for Each Case iMean
in Score | of Cases | S I.Q.
= ,
20 o
19 3 87-98~122 102
8 1 116 116
7
6 1 103 103%
5 1 90 90
4 1 78 78
3 4 T7-81~82-110 84
2 7 90~90-93-95-104-105~112 g8
1 6 88=-90~9%-108-114~121 102
10 4 85-92-97=104 94
9 8 90=91-98-99-101-106-107~114 101
8 T 94=97-107-108~111~112~113 105
T 3 84~-95-105 ‘ 95
6 5 86-95-103-104-104 98
5 2 104~109 106
4 4 100-101-108~112 105
3 1 117 117
2
11
0 5 76-82-88-=94~101 88
-1
2
3

Number of Cases 63
Range - - O to +19
Median +9




32

Table 14

Correlation Bétween Inventory Test
and Inventory Retest

Invénrory Retest

Too-

25

26— 30~-
29} 33

54-| 38-| 42-| 46-| 50-] 54-[ 58-]

37} 41| 45( 49) 53| 57} 61

15=
17

18=
- 20

21~
23

24~
26

N

27~
29

50~
32

33=
35

36~

38

. e ——

39-
41

2 117

45

42~

1 |11 |15 | 1 }

Coefficient of Correlation .62
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the data in the column headed Average I1.Q. éhows practically

‘nho correlation between intelligence and improvement in mathe-

matics. Statistically this correlation is ..Q4., It is
unfortunate that sincerity of purpose and willingness to
learn are not measurable factors in this matter of degree of

improvement. From the Table we see that some of the individuels

| with the lower I.Q.8 improved far more than some of their

coworkers who are in the upper levels of general intelligence.
The only available explanation for this situation is the
degree of "strength of pufpose" involved. This is an intan-
gible that cannot be fitted in any way into_the field of
gtatistics.

The problem of the thesis is to find a method to strengthan
the weaknesses in mastery of the fundameﬁtal processes of
arithmetic, Because of this weakness,‘many pupils taking
general mathematics at the secondary school level have con~ |
siderable difficulty in meeting with even a moderate degree of
success. By means of a testing program and remedial work, very
definite improvement was made in all but five of the cases.
This improvement is shown in Table 3 by means of the decile
or percentile ratings of the scores for the individual pupils.
Table 8 on page:%S shows vexry graphically the decided change
that took place for the group as a whole by means of the
Inventory Test scores at the start of the year and the retest
on the same at the close of the year. Table 13 on page 51

gives a quantitative measure of this improvement which is very
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gratifying. The increase in score ranges from 0 through 19
with a median or average increase of 9. The test having but

sixty questions, this shows a real value in the project.

The only item in the previous history of the students that

has any predictive rvilaé on the results of the program was
found to be the general intelligence. There is but small
statistical correlation between the I.Q. and the quantity of
improvemenf. However, the I.Q.s shown on Table 13, page 51
do indicate, indirectly, that more of the low improvement
scores were made by those having.the low I.Q.s.

A large part of the success of any such remedial program
is dependent upon the motivation at its inception. The pupil
who is weak usually recognizes the fact himself. It is for
us to show valid rationalization of the weakness, and also
how very simply he can overcome the condition. Encouragement
can be given by the results of the teéting program and a
happier child, mathematically speaking will be found at the
close of the year. fThe following table shows the testing.

program of the thesis in brief.
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Table 15

Schedule .of Tests

I

Inventory Test

‘ Tests When Given Reason
1.{ Inventory Test First'meetings Achievement
of the year

2.| Basic Skills  Immediately Diagnostic
in Arithmetic after #1 o '
Test

5.] Fundamental . End of first - Achievement and
Processes Test quarter Motivation

4.| Retest of Basic End of half . Achievement and
Skills in Arith- year Progress Study
metic Test

5.1 Retest of End of year Summary of Year's

~Achievement
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CHAPTER 5
SUGGESTIONS FOR FURTHER STUDY

Having completed the study of the specific problem with
which we are conoerhed, it would be strange if some added
guestions had not presented themselves. Our problem concerned
itself with enabling the pupils to be more capable of
accomplishing the work of first year secondary school general
mathematics. |

While the methods of the thesis have accomplished a
great deal toward achieving this aim, perhaps some other
procedure could arrive at superior conclusions. If the school
had sufficient numbers of pupils taking high school general
mathematics, would a se?arate remedial class be more advan-
tageous than keeping the weak students with the whole group?
The ideal situation would be to test the results under both
methods.either at the same time or by using one method one
year and the other the following one. Is there a soclal
aspect to consider in remedial work? Would not a separate
class be far superior from this standpoint alone? Adminis-.
trative viewpoint is another matterxto be reckoned with when

it comes to establishing a different class. Would it bé

sufficiently worth While to engage another teacher full time,

or perhaps, could this be a part tiﬁe assignment?
Another question that arises in my mind is whether or not
there may be some pupils in our college preparatory classes

that need remedial work at the same level as our practical
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mathematics students. If this could be ascertained and the
groups combined, a separate remedial class would be possible
in the smailer high schools.

The administrative problem of any remedial classes is
open to considerable study. Some pupils may need only a few
weeks of remedial work while others may require a much
longer period. As some are assigned to regular classes the
teacher load there may become too heavy and that of the
femedial teacher too light to warrant his continuance. There

are indeed many aspects of remedial class work versus remedial

work in the regular class that could be studied to the

advantage of the pupils concerned.

Many of the pupils in Practical Mathematics I may wish
to elect another year of more advanced work in the subject.
The matter of advice and guidance for these folks then
becomes a new'problem. We need as accurate information as
possible for prognostic purposes. For the first year course
in high school mathematics we tested on the material of
arithmetic through percentage. Is there another step in the
mathematical development of the child which can be measured?
Or is there a separate phase of his general intelligence
that must be considered. Drs. Thurstone and Thurstone of
Chicagd o University have developed intelligence tests
(Primary Mental Abilities Tests) which consider number
concept and logical reasoning as two separate measurable

factors. For my own part, I like to consider logical
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reasoning as "growing up", or a step in mathematical
development of the child. The two thoughts might well be
intermingled in a future study or analysis.

Some method of objective testing needs to be devised to
measure this abiiity as.it relates to the field of mathe-
matics. A pupil'!s rating on such a test should enable the
teacher or counselor to make a definite stand as to whether
he should go on to further Study in this field oT Nnot.
Advanced.work will involve more-and more problem solving of
one type or another. Success in this will depend not only
upon mastery of fundamental processes butb particularly upon
this logical reasoning process. There will be new concepts,
it is true, yet their mastery will, because of their
incféasing complexity, depend on strength in this mental
ability.

The first suggéstion is‘tLen to consider separate
remedial classes in general mathemétics and ascertain the
comparative value of the sebarate class to that remedial
work done in connection with the regular groups. Secondly,
the question arises of carrying remedial work bver to some of
our college preparatory pupils, thereby making separate
remedial classes available in smaller schools. The third
thought that should have consideration is that of measuring
further development in mathematics for guidance in selection
of advanced courses within the school and possibly, also, the

choice of post-secondary school studies.
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