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Chapter 1

TNTRCOUCTEON

Many students who arc yoferred to the Mathematics Diagnostic
and Instructional Clinic (ATDIC at the University of Fritish
Columbia for remediation are confident that their computational
procedures arc correct. They arc confident even though they are
usually unabie to obtain a corrcct answer. It is felt that
remediation may ba hampered by the fact that a student belicves
his computational procedures are correct, when, in fact, he is
unable to compute accurately. It was decided that there is a
need to study the relationahip between & student's algorithmic
confidence in performing each of toe four basic avithmetic cpera-
tiens and the student's achievement.

The District Superintendent for the Richmond School Board,
My. C. lolob, was contacted by letter (Appendix 1) asking per-
mission to gather some achicvement and algorithmic confidence
data on students enrolled in Grades 5 through 8 in the Richmond
schools. The proposed study was also described in this letter.
In reply, the District Superintendent expressed the willingness
of the Richmond schucls to participate in the project. A notice
(Appendix II) was sent to all elementary principals and teachers
of Grades 5, 6, ard 7 by Mr. Hclgb!regarding the MEDIC project.

The testing project was carried out with all students of
Grades 5, 6. 7, and 8 in the Richmond District. The following
-able gives the number of students according to grade level

in the district.




fab’e 1

fprolment in Grades 5-3 December 1974

Grade 5 ) 7 8 Total

Fnrolment 1472 1577 . 1566 1571 (6180

Test booklets (Appendix 1T7) were preparcd according to the
following femat. The first page was designed to collect prr-
sonal data on cach student--nome, grade, division, school, age,
date of birth, sex--ani their algorvitimic conlldence.,  To deter-
algorithmiz confidence in addition, fov example.

mine a student's

th~ student was asked the following question. How sure are you
that your way of ADDDNG is correct? The student had a chaice cf
five replies and was uskad to respond to one by putting an X
through one of the letters a, h, ¢, d, or e. These were their
chuices:

a. I'mpositive that my way is correct.

b. I'm pretty sure that my way is correct.

correct or not.

e
i

c. I don't know if my way

i e
H

d. I'm pretty sure my way wrong.

e. I'm positive my way is wrong.

The same questions were asked for the other three arithmetic
operations--subtraction, multiplication ard division.

The computational test consisted of four sub-tests, That
is, there was a test in each of the four basic arithmetic opera-
tions of whole numbers. Accompanying each test was o sheet
containing the addition und multiplication tables (Appendix V).

These tables were made available in an effort to eliminate errors

ERIC 6
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in basic mmber facts so that the emphasis would be more dircctly
placed on the student's computational procedures.  'the test was
so designed that it included different categorics of question
types in cach of the sub-tests. The items for cach test were
selected according to a diagnosis for for intermed iate grades
(Appendix V). The form or check-1ist is structured in an heir-
archial order of difficulty, That is, the check-list is arranged
in order of harder to casier computations. For instance, in
the addition of whole nunbers the order of difficulty is as
{follows:

1. threc-digit numbers with regrouping.

2. two-digit numbers with regrouping

3. single column with regrouping.

single column with no regrouping.

R

Generally threc test items were constructed corresponding to
each of the four levels of algorithmic difficulty. Other con-
siderations were obscrved to maintain variety in the question
types. For example, in subtraction the vertical and horizontal
form were included. Different positions of zero in the minuend
and subtrahend were used. The following table indicates the types
of questions according to the check-list and their distribution
on the sub-tests.

Table II

Distribution of Addition Items According to Type

i
ot
lo
ity
kg

h

Ttems a 7b
1

[::, 3 7,/ L ) '/, ] v
4 Y Y 4
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The chieck-1ist for subtraction is:
1. two consccutive 0's in the minuend.

2. one 0 in the minuend.

P

with regrouping.
4. mno regrouping.
Table III

Distribution of Subtraction Items A:zcording to Type

Ttems _a b c d e £ g h 3§ k 1

A A A
2

G
|
-~

=
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Types
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Multiplication check-list:

1. Three-digit multiplier.

T

two-digit multiplier.

A

one-digit multiplier; with regroping.
4, one-digit miltiplier with no regrouping.
Table IV

Distribution of Multiplication Items According to Tyve

ltens a b _c d e £ g h i j k 1

r ST o
© 2 e A4
é; 3 A /v o o

4

Division check-list:
1. Zero in the quotient.
2. Two-digit divisors without or with remainder.
3. One-digit divisor with remainder.

Q 8
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4. One-digit divisor with no remainder,

Table V

Ttems a b e 4 e L8 h o
1 ) Y o Y _

Previous to the Richmond project a pilot study was con-
ducted ahout the middle of January, 1975 at the University Hill
Ilementary Scheol. Sixty students in grades 5 and 6 were
involved. The reason for the pilot study was to obtain an
estimate of the time required for cach test and to find out if
there were any problems with the test. The time required was
approximately forty minutes for 90% of the students, Following
the pilot study, thec tests were administered to the students of
Richmond District the first week in February, 1975.

Classroom teachers conducted the testing with their
students. Teachars were previously instructed that the tests
were to be administered according to the following procedures.
Firstly, the students werc to be shown how to use the addition
and multiplication tables which were provided. Secondly,
teachers were to explain the structure of the tests to the
students. Thirdly, the students were to be told that there was
no time limit on the tests.

Following the testing about 5700 responses were collected
of which 5440 were used. Table VI shows the distribution of

testing according to grade and sex.

9



Table vV

Grude 5 6 7 8 Total

Boy's 705 728 747 606 2786
Girls 655 746 664 580 2654

Total 1360

1474 1411 1195 5440

Twe hundred sixty tests were discarded because some of the
personal information requested on each student--name, grade,

age, date of birth--was missing or else the student did not

complete the asscssment of his algorithmic confidence in com-
putational procedures. The tests were marked for accuracy by
undergraduate students in Feb: .ary and March, 1975. All
numerical data were collected ard key punched for computer
analysis about mif anril, 1975, Puring June and July, 1975
a1l student errors will be oxamined and coded according to a
category system which had previously been developed.

The data will be analyzed for two different purposes:

_firstly, to examine the relationships between confidence and

performance over operations, grades, SeXes, ages, and confi-
dence and performance 1evels; secondly, to examine the relation-
ships between different error types over operations, grades,
sexes, ages, and confidence and p%rfarmance levels.

The objective of this paper is to discuss the first of these

two pUrposes.

10
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Chapter 2

Relative to the various changes and activities taking place
in the clementary arithmetic curriculum and certain arcas of the
instructianallpr@gram, the arca of diagnosis and remcdiacion has
been quite static. Early work in diagnosis in arithmetic errors
was mostly limited to determining the kinds and frequency of
errors in computational skills. Later, concerns were slanted to
growth in meanings and understandings basic to the computational
Process.

More recent concerns in diagnosis are the complex relation-
ship between growth in arithmetic development and affective fac-
tors such as anxiety, motivation, and attitude. Ramon Ross
(1864) reporting on the twenty case studies carried out with
sixth and scventh grade students revealed a great deal of dis-
parity between actual achievement and expected achievement in
elementary school mathematics. He suggested that sixty-three
percent of the causes of underachievement identified by class-
room teachers were of an emotional nature, involving lack of
interest, home or school maladjustment, short attention span, or
limited initiative. It would appea} from this study that
arithmetic undcrachievement is a complex and multiple-factored
disability.

John W. Wilson (1967) also expressed a similar concern in
diagnosing the cause of underachievement in elementary school

mathematics when he states,

-y
-



It has become increasingly apparent in our work
with individual children...that undecrachicvement...
in mathematics..,is fa- from being of one kind,..
0f scveral children with the same degree of general
underachicvement in mathematics, cach has unique
symptomatic patterns of that underachievement.

The fact that Wilson recognized that each student has
funique symptomatic patterns of underachievement'' suggests the
complexity »f the nature of underachievement as well as the
complexity of diagnosing the cause and the method of remediation.
In other words, Wilson and Ross underline the complexity of both
diagnosing the causc of a student’s difficulty in mathematical
opcrations as well as the difficaity in correcting or remc-
diating the problem. The question to be answered is how can you
successfully prescribe treatment OT remediation without knowing
the Toot of the difficulty? The root of the difficulty that came
to the attention of the Mathematics Education Diagnostic and
Inetructional Centre (MEDIC) at the University of British Columbia
was the fact that some students who were referred for remedial
help and who were unsuccessful in their daily computations had
high confidence that their computational procedures were correct.

The question to be argued in this paper is--how does a
student's confidence in his comput§tiana1 procedures affect the
subsequent success of remediation? An extensive search of the
literature has failed to produce an answer to this question.

To date, in the remediatién process, the remediator has
tried to build confidence in the student but maybe the remedia-
tor is taking the wrong approach. It may be that it is necessary
to extinguish a student's computational confidence in his

incorrect algorithm before the actual remediation takes place.

Coag o LN ‘ 12
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Cormmon expe\:tgti@ns are held that low achievers have low con-
fidence which needs to be irproved. On the contrary, it could be
that lov achievexs have high cmFfidence which has to be extin-
suished before effective remediation can occur. As already men-
tioned it has been moticed that amorg low achievers referred to
MEDIC, thete is a rnuumber of students who are confident that they
know how £o perform the arithmetdc algorithms, But the interesting
question is, vhy do low ach.ievers express algorithmic confidence
in their computational procedures whenn they constantly get most
of their excrcises wrong! Does 2 student's expression of con-
fidence in his work stem from a maturally confident personality?
It may be the result of positive values taught in the home. These
positive values may give rise toa confident, positive outlook on
the various activities of %ife, That is, from an early age,
these values, onxe instilled, nay be teflected in a student's
personality by £eelings of confiderice in whatever he does.
Woodruff (1967) seems to éuggesﬁ this when he says,

Over the years we graduyally develop well established

feelings about things; ard these feelings, based on

their values, show up in the way we react tovard

things, The feelings become jnseparably interwoven

with the memtal picture,
But this argument does rot hold fecause remediators are aware
from working with the low achiever that he is not confident in
all of his daily activities. Wwky does he have algorithmic
confidence then?

Is it becawuse the low achieveT thinks he understands the

concept when it is tzught by the teacher but in reality he does

not? Bromell (1944), in addressing lack of understanding in

13



students says,

...most errors in mathematics are the result not of

jmperfectly learned symbols, but of incomplete

understandings.
Evidence of lack of understanding by the low achiever is apparent
in the tests. For example, in using the subtraction algorithm,
it was apparent that one student's understanding of the subtrac-
tion operation meant to literally take away or remove the sub-
trahend from the minuend. This is an example of his work:

7749

- 1340 670 - 97 = 670
el

The student was consistent throughout the subtraction test in
literally removing the subtrahend, Another example of lack of
understanding by the low achiever is evident in this division

exercise.
1001 R.2
5/7005
5 5
%

It would seem that the student worked from right to left.

0; 7+ 5 =1 and a remainder of 2.

5+ 65=1;0:5=203;0¢5
This particular student did all of his division exercises from
right to left. He expresseda high confidence level of (5).
Probably he was confident he knew How to use the division algorithm
because he used the other three arithmetic operations--addition,
subtraction, and multiplication by beginning the operation at
the right. It worked for these operations and lack of under-
standing led him to beleive it would also work for the division
algorithm.

However, the student would still get his exercises marked

14
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wrong. Why is he still confident that his computational proce-
dures are right? Maybe he is using a defense mechanism., That is,
he may be protecting his pride and soothing his ego by not
adnitting to himself that he cannot do his computations. Using
a defense mechanism is an attempt by the individual to defend
himself against feelings of inferiority occasioned by his failure
to do his arithmetic computations. By not admitting to himself
that he is incapable of doing arithmetic computations he mini-
mizes his failure to himself. (Loree: 1970) This might be the
reason a iow achiever jndjcated algorithmic confidence when his
computational procedures are incorrect.

But this paper argues that the main reason for algorithmic
confidence stems from Tandon reinforcement,

Skinner, who has been responsible for the concept of rein-
forcement, noted that some responses 0ccur without any particular
ctimulus at all. These epitted responses he calls operants.
psychologists before Skimner recognized spontaneous OY random
responses, but they believed that such Tesponses were caused by
some unknown or unidentifiable stimulus. Skinner believes that
operants simply occur and that the stimulus conditions are
jrrelevant to the use ard nderstanding of operant behavioT.

For Skinmer, the fact that the operant be reinforced is important.
He believes that if the operant is reinforced the probability of
that operant occuring again is increased. What is really impor-
tant for Skinner is the reinforcement the subject gets after the
operant Or response is made. This reaction shapes the chances

of the student giving this operant response again or of his
16
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giving a similar response in the same class of responses.

Responses, then, are the most important aspect of operant
learning, and the way they are reinforced determines most of the
qualities of thrt learning. One of the Yirst discoveries that
Skinner made was that operants can be shaped without rewarding or
reinforcing every response. He realized that it is not necessary
to reinforce after every desired response but only intermittently
during the course of several such responses. This reslization
led Skinner to study two basic patterns of reinforcem=nt. In
the first, interval reinforcement, a reward is given on a fixed
interval of time--say, every three Jﬁinutes_ In the second, ratio
reinforcement, a reward is given after a fixed ratio of responses--
say, after every ten or fifteen responses have occurred. 0dd1ly
enough, Skirmer found that the less {requent the reinforcenent on
a ratio schedule, the more rapid the response. That is, the
animal behaved as if he knew that the faster ne responded the
faster he would be reinforced.

Both fixed interval and fixed ratio reinforcement schedules
are characterized by a pause in response just after reinforcement.
Animals seem to know that the responses made just after a reinforce-
ment will mever result in another .inmediate reinforcement. These
pauses do nmot occur if the reinforcement schedule is made random.
If the time interval size is varied at ’ranciom; there is always a
chance that the next response after reinforcement could result
in another reinforcement, and the animal does not pause.

Is this strange animal behavior reflected in human behavior?
It certainly is. Consider for a moment a Los Vegas slot machine

player who gets an occasional or random payoff. He plays
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vigorously because he does not know at what moment the next payoff
will come. But he keeps playing because he is confident that
the payoff will come.

What does a 18s Vegas slot machine player's confidence have
to do with a student's algorithmic confidence? The student’s
algorithmic confidence is reinforced the same way that the slot
machine player's confidence is reinforced. That is by random
reinforcement, which according to Skimner is the best reinforce-
ment and the hardest to extinguish. The Richmond Study shows that
students using an incorrect arithmetic algorithm can get some
exercises correct. The algorithm may not work for many exercises
but every now und then it will produce a coTrect answer. Therefore,
the student gets random reinforcement which mades him feel
confident that the algorithm he is using is correct. The
following examples will show that an incorrect algorithm will
work in some cases but mot in others. In the example:

299

g7
- 289

the student begins renaming byz crossing out the 3 and writing 2.

Crosses out the 0 and writes 9. Crosses out the next 0 to the

right and writes 9, He finishes renaming by putting a 1 in front

of the 7. This is correct. His algorithm works for this exercise

but using the same algorithm in the fc:sllc:ming example it does not.
1299

2549
- 857

The student begins his renaming by stroking out the 2 at the

left, then the 3 and writing 2 above it. 0 is crossed out with

S ]

9 written above and also the last 0 on the right is crossed out 1
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with a 9 written above it. This is incorrect. The student's
algorithm does not work if a 0 comes at the end of the minuend.
However, using this algorithm the student will sometimes get
some of his exercises correct.
In multiplication, a student doing the following exercise gets a
correct answer using the multiplication algorithm as he knows it.
9056

3

X

[E—

27168
but when asked to find the product of
9056
x_23
1811227168
his answer is incorrect. But the algorithm he is using does
work for some of his exercises.

Using an incorrect algorithm, the low achiever may occasion-
ally get an exercise correct. This gives the student random
reinforcement. According to Skinner, he is getting the best
reinforcement to keep him at work. Herdces not question whether
or not his computational procedures are correct. Why should they
be wrong when every Once in awhile he gets a correct answer?

This keeps him confident that his computational procedures are
correct. Wnat does this mean to the vemediator? It means that
before a remediator can help a student correct his computational

procedures that the student's algorithmic confidence must first

be extinguished.

18
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Chapter 3
METHOD AND RESULTS

For the Richmond Study, a low achiever in a given operation
and grade is defined as one whose score is more than one standard
deviation below the mean, Performance distribution for each
grade and operation are far from noymal distributions. In fact,
they are highly skewed positively. But it is felt this commonly
accepted approach is more realistic than either choosing a lower
fixed percentage of the' population or a lower performance level
of the population.

Pupil scores, in subtraction and multiplication, ranged
from 0 to 12. In division, the range is from 0 to s but in
addition scores ranged from 1 to 12. The scores of 0 in
addition were eliminated be~ause the addition test appeared on
the back of the subtraction test. It was assumed that all
students who scored 0 on the addition test did not attempt the
test. |

The tables that follow show the upper-limit for low achievers
which was calculated for each operation and at each grade level.

Table I

Grade §: Upper Limit for Low Achievers

Operations: _ _ * - X ) ¢

Mean 11.0375___ 10.0162 9.0853 4.0049

Stanéiaﬂ .  aegn , , Ny
Dg\iia};ian 7177,?137 ZAE:E)ZV 2.3721 | %7411 i

Upper-linit  9.3238 7.6500  6.2132  1,3538

19
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Table 1T

Grade 6: Upper-Limit for Low Achievers

Operations + . X :

.2682
4523
.8259

Mean  11.2205 10,4579 10.0468
.0, 1.5916  2.0570  2.1749
Upper-1limit  9.6289 8.4200  7.8719

| | o |

Table 111

Grade 7: Upper-Limit for Low Achievers

Operations + - X

>

8944
2706
6238

Mean 11,3196 10,6641 ©10.5103
s.0,  1.633  1.8817 1.8855
Upper-1imit 9.6873 8.7824 8.6248

WPRISRILE

Table IV

Grade 8: Upper-Limit for Low Achievers

Operations + - X 3

Mean 114050 10.8326 107272 6.0410
5.0 l.a41z  1.6005 1.6188  2.0650
Upper-limit  9.9638 9.2321  9.1084  3.9773

The actual scores used to categorize the low achiever for
each operation and at each grade level is shown in the following
table. i

Table V

Upper-Limit Used to Determine the Low Achiever

Operations

1
| b
i

F~a 1o

| Grades
oo T3 [ jen

L= -
L7 A
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Using these scores as an upper-limit for the low achiever,
the next concern was to find the algorithmic confidence by
operation and grade level. The following tables give the confi-
dence values from low to high by the numbers 1, 2, 3, 4, and 5.
Listed under the confidence values are the corresponding fre-
quency of errors.

Table VI

Addition-Grades 5-8

Freqmmce 1 2 3 45
5 2 0 24 51 35

56 1 1 s o 4

B o7 I S SR S

I 1 v 3 15 13
Total 4 2 35 113 113

Table VII

Subtraction-Grades 5-8

onfidence ' 2 3 4 5

1
5 4 6 58 80 26
oo 03 2 49 112 41
gL o 4 15 101 50
C 8 2 2 13 8 80
9

14 135 379 197

Table VIII
Multiplication-Grades 5-8

Grades
oo {1 jo jun ]
>
A%
ot
~
~J
A
|

T 15 33 1 0. 173 0w
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Table IX

Division-Grades 5-8

1 2 3 4 5

138 85
o6 84 11
, 68
8 15 5l
353

s 44 47
6 23 26
7
8

12 17

Total 87 105

This study regards the low achiever with high algorithmic
confidence to be the number of students in colums 4 and 5.
Following is a table showing the mumber of students in this
category.

Table X

Number of Low Achlevers with High Algarlthmlc Canidence

Qperation: Addltl@ﬂ Subtfﬁctlon Multlpllcatzoﬂ D1v151en

Confidence 4 5 to%al 4 37 ta?al 4 5 tital 4 2

5 fc al
85

51 35 8680 ;p 106 7797; 31 128 20 195

425

87

112

41 153

74

32

106

84

21

105

431

5
6 26 41
7

Grades

21 24

45

101

50 151

17

47

124

13

23

141

461

8 15 13

28

86

80 166

92 63 155

69 _

20

89

438

576

440

Sub-Total 226 513

1755

Table X confirms that there is a substantial number of low
achievers in Grades 5 to 8 who have high algorithmic confidence.
The sub-totals for confidence levels 4 and 5 show the number
of students who expressed algorithmic confidence in each of the

arithmetic operations--addition, subtraction, multiplication,

22



and division. However, it must be noted that in the total num-
ber of algorithmic confidences expressed that there is an over-
lap. The number 1755 does not represent the total number of
individual students expressing high algorithmic confidence. One
low achiever might indicate a high confidence level in all four
basic operations. Therefore, the total number of low achievers
with high algorithmic confidence indicated in the table would
appear to be four rather than one. Nevertheless, the evidence is
clear that for each arithmetic operation there is a substantial
number of low achievers who express high algorithmic confidence
in each operation.

For purposes of comparison Table XI shows the number of low
achievers with low algorithmic confidence.

Table XI

Number of Low Achievers with Low Algorithmic Confidence

Operation: Addition Subtraction Multiplication Division

Confidonce 1 2 a1 2z W 1 2 a1 2 @t Total

6 10 11 19 30 4447 91 133
2 3 8 11 2326 49 67
1 4 5 1217 29 39
0 2 2 815 23 30

48 192 269

P “ 1)
LA [ faes e

Sub- total

By comparing Table XI with Table X, it is quite evident
that low achievers with high algorithmic confidence certainly
outnumber low achievers with low algorithmic confidence., Also
in Table XI, the number 269 does not represent the total number

of individual students expressing low algorithmic confidence. As

23
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explained for Tahb'e X, one low achiever might indicate a low
confidence level for all four basic operations. The table, then,
would show a total of four instead of one. This, however, is
true for both tables.

The results of this study are conclusive. As suspected,
there are a mumber of students who have algorithmic confidence,
yet their computational procedures are incorrect. Table X shows
that out of 5440 students from Grades 5 to 8 in the Richmond
District 1755 low achievers express high algorithmic confidence

in their computational procedures.
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Chapter IV

Conclusion and Implications for Further Study

This paper began by describing why it was felt necessary
to do this study. It was recognized by remediators that some
low achievers had high algorithmic confidence even though their
computational procedures were incorrect. Permission was given
by the Richmond School Board to conduct the study in that area
with all students of Grades 5 to 8. A total of 5440 responses to
algorithmic confidence questions and test items were used.

The purpose of this study was to establish the existence
of a population of low and high confidence students with low and
high algorithmic confidence in their computational procedures.
The results indicated, as suspected, that there is such a
population and, in fact, low achievers with high algorithmic
confidence are in the majority. It is also established, as
expected, that there is a different distribution of confidence
for each grade level as well as each confidence level. This
could suggest that any study done along similar lines of this
study could be losing information if it is assumed that student
characteristics are uniform across grades or operations.

For this study the low achiever is identified as one whose
score is more than one standard deviation below the mean. Tables
show how the upper-limit for low achievers was calculated for
each operation and at each grade level. It is argued in this
paper that the low achiever has high algorithmic confidence in
his computational procedures, because of random reinforcement.
The student gets random reinforcement when once in awhile an
incorrect algorithm gives a correct answer. He, therefore,
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assumes that the alorithm he is using is correct. Skinner, in
" his research work found that random reinforcement is the best
reinforcement to keep a subject vigorously at work.

Tables are supplied to indicate that a population of low
achievers with high algorithmic confidence does exist in grade
levels 5 to 8. Many implications for remediators are raised as
a result of this study. When the entire study is completed,
teachers, remediators, textbook writers, and computer
programmers should have an entirely new challenge in diagnosing
and remediating the low achiever.

The results of this study will have important implications
to classroom teachers and remediators. Teachers and remediators
will be more aware that low achievers have high algorithmic con-
fidence in their computational procedures. It is important that
teachers have a systematic method to diagnose and code student's
errors. It is evident from this study that a student's algori-
thmic confidence does have to be extinguished before remediation
can take place.

Tor textbook writers, a change in format and design to meet
the needs of low achievers in this category is necessary. The
need to be more specific in the whiting of behavioral objectives
in lesson preparation will help to eliminate learning gaps for
these students. Programmed learning, with its step-by-step
approach should also assist the low achiever to acquire the
correct algorithmic procedure.

The writing of a diagnostic computer program on the basis
of all the incorrect answers and subsequent coding of errors for
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each question is another means to help correct this problem. A
computer program, whereby given the data of the survey, the pro-
gram can take each question and 19st all the incorrect answers
and corresponding codes. The program could be implemented - in
such a way that it can diagnose all the errors students perform.
A computer remediation program can then be written to do the
remediation.

These are but a few of the many implications for educators

that result from this study.
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1. C. Holeb

District Superintendent oi Schools
Richimond Schcol District No. 38
639 No. 3 road

Bichzond, 5. C.

Dear Mr. ZSolob:

ata on studzats
£ie21ly, I nead 2
o ,
=

I an uriting to ccek your permission to gother soze d
in Grades 5 through 8 1a the Rlcumond cenoola. p el

two half howr

e
mately ene hour of elass time, prazferably dividad iu:
oa succcisive days in walch to gather soze data on th
these studaznts,

g o = e T
auithzatie skilis

During thcse two perlods the students will be asked to golve gddicicn, oui=
zrﬂctiaz, zul pliQQticn, and aivisicn it: pL ] with whéla AUED2TE. iU eo-di-

thelr ;bility to peffcfm Ehé,e agcrati&nsi

The dota obtained will be useful to me in several ways. As director of
Mathematics Education Clinic at UnNC, I nead data on the types and Irequiis;
of studeat errors in aritametic skills. Ia particular, we have scoe evicanc.
which indicates that studeats who are uazble to compute correctly still eipra:s
a relatively hish degree of coufidence in their ability to cozpute. IL thig
praves to be the case in & large scale study, it will have dimportant rauifi-

cations for remedial work.

For your information I have enclosed 2 prelicinary eoly of cach of the
1 intend to use. The firal version will be printed znd will ask for zd
al informction from the student such as age and grade level.

1f you are cgrcesble to this proposal, I would, appreciate recelving the
followlng inforuation:

1) a 1list 6f the namas of your schools where there are
grada 5, 6, 7 or & classes together with the enroll-
neat in these classes;

-;;;;12

ERIC | ‘

Aruitoxt provided by Eic:
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¥Mr. C. Holobh Jaauazy 3, 1975

2) dates when the teating might best be done; (Por my
purposes late ~anuary or early February would be
nozt sultable.)

3) the name of a contact person in your dlstrilet to
act as liaison between vour distriet and me.

Thank you for coamsidering uy requeaat.

Sincerely,

David Robitaille
Acpistant Prefassor
Hathematles Education

DR/K1

c.c. Mx, R--Campball
Encl.

Q )

ERIC o

Aruitoxt provided by Eic:
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BOARD OF SCHOOL TRUSTEES \
SCHOOL DISTRCT NO. 38 (RCHMOND)
689 NO.3 ROAD, RCHMOND, BC.
TELEPHONE 278-9521

AL fZéFEﬂLqPU P“ﬁr**sﬂzu and
~leacners ¢j G:’c:?'i,ﬁ.sa g 4 c:; ’?i '

FROM wllatiaTob, D st Soeiinsns o
ef‘S&h@alg

24=-1-76=-11

"RE: U.B.C. SURVEY OF MATH SEILLS

Permnission ras been granted to Jr. David Robitaille to gather
data en Richmond students envolled in Grales 5 througn 8.
Speeifically, Dr. Robitaille seeks data on the types and
frequency of student errors in arithmetic skills.

Testing material ard teocher instructions, in sujficient
number for ali students in Grades 5, 6 and 7 will be delivered
to senoals on J&ﬂugﬁy 36/31. The test, Iéﬂilflfﬁ epprozinataels

40 min z

utes skould be §ET§? early in che wveek of February 3 wih
returns to the office of the Elemantary SH“S“LiﬁQP on or before
Fridny, Februzry 7, 1975,

The data gathered ffém this tsstzwg progresme will assist

Dr. Robitcille end his staff to irmrove their remediation work
at the University's Math Clinic., Thank-you, on their behalf,
for your assistance with this survey.

L/

C; Holob,
District Superintendent of Schools.
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Appendix TIT

NAMES ]  CRADE: __ DIVISION:

SCHOOL:

DATE OF BIRTH: o BOY GIRL
(circle one)

5 CoIE,
Sl

For cach question, put an X through one of the lettere a, b, ¢, d, or e.

1. How sure are you that your =ay of ADDING is enrrect?
(2) I'm positive that my way is correct.
(b) I'm pretty sure that my way is coriectk.
() I don't know if my way is correct or DCi.
(Y I'm pretty sure my way is wrong.

(e) I'm positive my way is wrong.

2. How sure ace you that your way of SUBTRACTING is correct?
(a) 1'm pesitive that my way is correct,
(v) I'm pretty sure that my way is correct.
(¢) 1 don't know if my wiy is correct or not.
(d) I'm pretty sure that my way is wrong.

(¢) 1'm pesitive that my way is wWrong.

3. How sure arc you that your way of MULTIPLYING is correct?
(a) 1I1'nm positjve that my way is correact.
(h) I'm pretty sure that my way is correct.
(¢) I don't knuvw if my way is correct or not.
(d) 1'm pretty sure that my way is wrong.

(¢) I'm positive that my way is wrong.

4. llow sure are you that your way of DIVIDING is correct?
(a) I'm positive that my way is corrgct.
(b) I'm pretty sure that my way is correct.
(¢) 1 don't know if my way is éorrect or not.
(d) I'm pretty sure that my way is wrong.

(e) 1I'm positive that my way is wrong.
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i
S'JBTRACTION

(Show all vour
work in the
space provided.)

Ll <3
i oo

1
-
1O @

Lad 120
~J g

a.

l— o

40 3
-2177

c.
670

- 97

n

o
~ o
oo
tm .

(SN
o ~d

[l

g

==

~J

D

J.
5400 - 2138

32

1.
1714 - 311
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(3how all your
work in the
space provided.)

ADDITTON

4 + 7 +1 + 2

ENSEEN

o mw~ o
!
I

O W

v}

e, - — f.

307 + 48 + 596 + 6 5 4+£74+0+4

LD et
o~

o = o
[+

:

1.
73 + 59 + 7

o
- |
o

[~ o o v
i WD DN

PR -8

L

+ -
Bt B A !

o NN

1+
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(Show all your

MULTIPLICATION work in the
space provided.)

b\i c’ d'i
541 2071 6 2 403
X 4009 x 368 x__ 4 x 59

589 408 27 230

221 1203 | 313
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DIVISION

(Show all your
work in the

‘space provided.)

6/4 29

C'

53/32184

d.

47V266 2

g. h.

o
]

28725396 9/4 56 3




ADDITION TAERLE

i ok

9

10

11

~J

11

12

10

12

13

10

11

13

14

10

11

12

g

10

11

12

13

15

16

10

11

12

13

14

17

11

12

13

14

15

18

I

MULTIPLICATION TABLE

10

12

16

18

12

15

18

"
P

27

le

20

24

28

32

36

20

25

30

35

490

45

24

30

36

42

48

54

6,
8

710
12
14

28

42

49

56

63

24

32

56

64

27

36

63.

72
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Appendix V
The University of British Columbia

MATHEMATICS EDUCATION DIAGNOSTIC CENTER

DIAGNOSIS FORM FOR INTERMEDIATE GRADES

Algorithms for Natural Numbers Comments

Addition Three-digit nos. yw,,ff i} |
with regrouping.

Two~digit nos. I - ) l
with regrouping.

Single column —
with regrouping.

Single column I , _”1
with no regrouping.

Basic facts. I-——aaasgagl

Subtraction Two consecutive l — 1
0's in the minuend.

One 0 in the minuend |————|

With fegfﬂu?ingi lﬂ-ﬁﬁaa_iasl

No regrouping. ]EE§=~ﬁ£=a]

Basic facts. ]e—-ﬁ—§325§|
Multiplication Threa-digit

multiplier; | ]
incl. zero.

Two=-digit r,
multiplier,

Cne-~digit

multipler; with lisﬁiﬁ*éﬁiﬁl
regrouping.

One-digit ,
multiplier, no [ rrre——|
regrouping.

Basic facts. [—ﬂas-aag;gl

w

: Division ‘ Zero in the l__g___‘iaul
quotient,
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Division (cont'd)

Principles

Two-digit
divisors without
or with remainder.

—

One-digit
divisor; with
remainder.
One-digit

divisor; no |
remainder.

Pasic facts.

Commutative [’ e 1
addition. —]

Commutative L 7,,,,777!
multiplication. '

Associative |— R
addition.

=

Distributive I
pProperty.

Role of O in I
addition.

Role of 1 in p— "l
multiplication.

Place value:
a) reading and l

writing nos.

b) recopnizing | — ?_,”1
"places'",

¢) expanded ——
notation.

d) renaming. ]ﬁamsas_asl
e) powers of 10.

Assoclative |—r b
multiplication. :

10 and its powers
as factors.

—
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Comment s

Principles (cont'd) Multiples of powers
of 10 as factors,

Equal factors.

Fraction Concepts Part-whole.

Subset-set I" ﬂ_,,,,4
(equal parts).

Subset=sat (gen.) I—*¢¥§§—*ﬁr|

Extension to no. | _ r">'—|
line.

1
R
aw

o i}
]

o
i

o |

=« Qrder. Iﬂ_ﬁ—sgaai;]

Equivalence. |Eeéﬁsar—gﬂ

Names of one. [ _— ,,”,1

Alg@ri;@mswfgf,Ragiana; Numbersg (addition and subtraction)

Subtrscticnareﬁaming,[ﬁ*ﬁ**ﬂ*ﬂﬂ

Addition-renaming. |—————|

Renaning. | =

Mixed nos. to im= 7 .
proper fractions s
and vice versa.

Addition-mixed nos. |———|

Subtraction-mixed
nos.

Subtraction-proper [
fractions.
Addition-proper
fractions.

l—' = ] 7|
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Aigq:iphms&fpr,Ratiéﬂaerumﬁgfg {cont’d) Comments

Subtraction-given LﬂDi-*i—“ikéiéi
Addition=given LCD. ]ﬁ—ﬁ—ﬁngﬁ4‘

Algorithms for Rational Numbers (multiplication and division)

Multiplication-mixed ||
numbers. !

Multiplication- l”' ——
proper fractions. :

Multiplication- 7
whole no. and lmi

fraction.

Multiplication- [—
unit fractions. !

Reduction property. |————]
Division-mixed nos. |————|

Division~proper L,,Wﬂ,,_,ﬁ|
fractions. ’ '

Reciprocals. E———

Decimal Concepts  Notation. Emmm—

Place Value, lﬁ*—asa—es?]
Number-line. |se=E———a§[

Computation with Decimal TFractions

Addition. lz——y—=_—54
Subtraction. |———]
Multiplication. ||

Division-whole no. l‘ "I
divisor.

- Division-gen. e —
Change decimal to

fraction; vice
versa.




Comments
Percent
Notation. | —_—

% to decimal to | e
fraction.

Common equivalents. ‘m
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