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ihers are tany aspects to reading. Amongst them are the foilévingi

- +word recognition

- - vocalizing the word (oral reading)
= understanding individual words
—~ understanding groups of words
- ~ understanding sentences andfgrdups of sentences

—- remembering
It is with the Understahdiﬁg_pai;’;hat‘chis-paper deals. I -contend )
that a student may “knovw' or may "recognize" or "uﬁderstaud" indivi-
dual words and be able to “vocalize" words yéE not .comprehend. vhat a
group of words or the sentence{s) is saying. He';éy apply a word
recognition test, a vocabulary test or some other tests to a mathema-
tics passage and the results ;ay indicate the reading level is very .
low ~ at'lcastt:yp or three years below the grade level (age levgl) of
the sgudeﬁts for which the book is designed. In many instances the
students may be reading in other content fields at a much highé; read-
ing 1cve1.€ Yet in the mathematics content area ‘these students may just
not be able to gjet the meaning from the passage. The question of courseé

-

is WHY? .
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Why aight a student vho is rezding at a ievel consistent v;lh his ape
in literature, social studies, etc. not read at a comparable level in
mathepatics — at least in mathesmatical -ate;iaIAHhich by many tests may
be rated corparabic to or lower than that of the student’s level? There
are a nucber of reasons which I will preseat. I'11 pass quiékly over a

number so that I can go into some depth and specifics on one that cuts

-
3'

‘across fany of the others.

Mathematics passages often (1)
1. are conceptually packed
2. have a high content deasity facror

3. require other eye movements than left to right (requires
vertical movement, regressive eye movement, circular eye
movenment, fros word to chart to word movement)

4. requires a rate adjustwment
5. vequires multiple readings (ro grasp the total 1dea, to
note the sequence or order;, to relate two oHr more signifi—
- cant 1deas, to find key quescion, to deternine the opera- -
tion or process nccessary, Lo conceptualize or geéneralize)
6. use symbolic devices such. as graphs; chargsi diagrams, and
mathematical symbols

7.7 are heavily laden with its own technical language which is
very precise.p,often common words are used with special
exact meanings e.g. function..

The reason with uhicﬂfthxs paper deals is:

Mathematics 1s an abs;ract subject. It is usually preéent;d in a very

symbolic and;genecaliied form.f Its language is highly specific. Read-
A}ng in mathematics oftenvteﬁuires a higher level of éogni;ive and con-
ceptual developnent than the students hqye-achiebed}

In order to put this all in a logical framework a model of cognitive .

development is necessary. T shall use a modified Piaget model..

N -

-

¢L)* Numerals {n brackets indicate the references at the end of"
the article. .
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Proponents of Piaget generally agree that a child, in developing a
concept, goes through certain siggcs. These stages are not discreet
but ratiher bilend or meld into one another to form a continuum.
New about the stages:

1. Toe order of the stages is fixed.

2. The rate of progression through the stages is

- - - - not-fixed-~ nor-can they-be tied to-any-chromo- - —

logical ages. Where this is done — it is only
for referencing.

3. The movenment along rhe continuum can be altered
by certain factors - teaching, enviroument,
maturation, etc. :
Now for more details:
Different authorities give differeat names for the stages and often
break the continuum into different stages. A general breakdown lists

cthese four stages:

1. SENSORI — MOTOR STAGE (From.0 to 2 years)

- preverbal - though language does start ‘to develop

~- diréct motor action
- :begins to learn to coordinate perceptive and motor
4

ffunccions = see thing with reference to what they

do with {t

2. PREOPERATIONAL STAGE - (2 to 7 years)
- cbjeéts take ‘on qualitarive features “
E- permanent
= non permanent
-~ tends tc .ego-centuism
=~ tendency to sec things from one point of
view - his own -

~ tendency to see one feature (elation) to

______Cthe exclusfon of others & -
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3. CONCRETE OPERATIONAL STAGE (7 to 1Z years)

= Plaget describes operation as a mental act - an inter-
nalized action. ;
The concrete aspect comes froe the fact that the

actions (mental or finternalizec) had their starting

. roint as sooe real system of obiects and relations —

that tgé person could4s;;;yééel, hear, et;;r(senses)
of could imagine. .
Concreté — in the sense it's real - invoives no assunptions
= The child can now focus on more than one attribute
at a~tige’— twvo, then maybe multiple ones
. = bezzins to sce other person’s point of view

-

Inis is the stage where the classic operations are developed

=~ combinativicy
= reversibility

- = commetativity
= ddentity

= associativity

For example: _ - -

The cperation of conservation is not a unitary .development.
‘Conservation of discreet quantities - (number) dgfélbps
before continuous quantity (subscance)

Conservation -of weight (force of gravity) and of volume

(space occupied) follow 4n that order. .

R P pa—
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4. FaRMAL OPENATION - {12 onward)

-~ <haracterize by full, logical thinking
~ «an now deal with sintenments that are nor known or
supposed to be true -

if.... then

either.... or }

eitker or both.. .; or

a>b, b>c — adc

Let me take some examples of how ¢ concept would develop - or
rather the manifestations of the development oz a concept.

Given a set of beads -

- Sensori-motor - nit, throw
- only present when seen
- ‘{ =
— Precperational - red, round, thick ) one

. ) feature
- vellow, square, thin) .at a time

Concrete operational - red and round and thin ) two or
’ N ): more at
- yellow and round and thick) a time

1

Formal operational =  either the red or the square or

‘the Fhick ones.-

-

~ neither the red nor the round ones
Another Example:
Equivalent Rate Pairs
.2 :

: - %1 or -% = % (concrete)

49 98

a = x ‘solve for x .

b d :
 /

- 2 - B
: — - Z T solve !01' y (fonml)




3rd Exgrple:
An ideal car travels due east for 2 hours at 60 mph

Heturns ar 30 =mph

What is the average speed? 4G mph or 45 mph

You all know two things: d=rtand r=4d gtzzzzgiizatidn;
P 4 )
average = sum ; 29
i i . %o of nusber (concrete 2

In Summary

Piager maintains a child =oves along a continuum = the continuum
representing the blending of the stages of development for each

concept,

While it is known that some students may enter the forial operational

stage at the age of 12, many will not do so until the late teens and

some never will. Lt has been reported ftcﬂ-one‘pieceAdf research that

827 of the 8th and 9tk grade QCUdents‘a;e still in the concrete opera-
éionalAstage while 507 of the University freshman classes are still in

the concrete generalizétiop'st;ge (2). Yet hapy-of the mathematical .

tems are used as though every child is in the formal operation stage.

So what does all this mean? If a1l I have -claimed is true, what do we

-

- do- about 4¢?

3N

T believe there are two things we must do:

(1) diagnose more specifically the weaknesses than in the past
| (2) devise vways and means (a) to bring about greater cognitive
development (b) to build more word and word group associa-
tions to facilitate greater cognitive development

Let us look: at ways of diagnosing weakness. 1 will deal with diagnosing

the lack of interpretation of the printed symbol because of a lack of
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cognitive development in the conceptual area represented by the symbols.

-
We 2ill sroarg with two easy words: sonme, all i

Example 1 (3)

Place in front of a student (age 5-3) red squares and blue squares
and circles.

. ,u,.‘ﬂxg.d.. Red ___| NM

" Red - Red- é;;;b
' i I ~—

*

-

Ask the question: “Are all tiie squares red?”

The reply typical of a 5-6 year -old is "No." When pressed the child may
reply "No, because there are somé red circles too."

Let us consider extending tiiis: Take the tvwo statements:

dogs are animals (Squares are rectangles)
Animals are dogs (Rectangles are squares)-

What do we mean? In one case we mean all dogs are animals, and in the

-
-

other we mean some animals are dogs. We expect children to make these

subtle interpretations.

Example 2 :(4)
lace in.front of child drawings or photographs of geese; ducks and
rabbits (I have changed this -example from poodles, dogs and horses,
covws, sheep andicats, to geese, ducksuqhd~tabbits ; since I can. draw

them better)




Ask the students (age 5~9) these questions: -
“Is every goose some kind of bird (animal)?" “Why?"
“Are .11 geese -some kind of bird (animal)?" "Why?"

Then T B
"Is every bird (animal) some kind of goose?” "Why?"

»

"Are all birds (animals) some kind of geese?" 'Why?"

:Typicé} replies indicate that students realize geese are birds and geese

are animals. But they fail to realize that all birds (animals): are not

geese. Yet vhen pressed they will identify a bird (animal) that 1s not a
goose. -

With older chiddren sinilar situations .can be structured:

Is every triangzle some kind of polygon? Why?

Is every polygon some kind of triangle? Why?
/

-
ped ’

1s every natural number some kind of a rational number? Why?

Is every raticnal number some kind of natural number? - Why?

1v
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The concept undeclying the two words 'some’ and "all' {s that of in-

clusion. It is not an casy mathematical concept. It n :ds to be
devaloped over a lopp period of time starting during ‘the concrete opera-

tional state. Consider the situation of the three geese, two ducks and

four rabbits. ¥

Exampic 3 {3) :

Place pictures of three geese, two ducks and four rabbits in front

of the child.

Thaen ask these guestions:

-

“Are there more geese or are there more ducks?”  "Why?"

“Arce there more geese 6r are there more birds?" "Why?"

"Are there more geese or are there more animals? "Why?".

Typical replies indicate that some students will not be able to accept the

two classifications ~ geese and birds. They rébly -

z

“'There are more geese because there are -only two duékég"
Interviewer: '"What did I ask you?'
Student: YAre there flore geese or more ducks?”
Interviewer: "Arg'thcrc>mote geese or are ‘there more birds?"

Student: "There are more geese because there are only two ducks.”

Inclusion is reflected in mathematics through the grades .
{""_3—&;’:‘ e e H;-—-—-——._____'__;__,_,_.—_*z.u__.

¥

Are there more

sfquares -or more

rectangles in the

set sliown?

Are there more
natiral numbers

or nore rational
numbers in the set

_-shown?




Other words we use casually in matheratics and expect students to auto-
matically have a grasp of are those which indicate relationships.

cxacple 4 (3)

=

Each student is given these incomplete sentences- and asked to
complete them (typical reply in brackets)

Peter went away even though....(he went to ‘the country)

It's not yet night even though....(it"s still day)

The man fell from his bicycle because....(he broke his arm)

Fernand lost his pen so....(he found it again)

I did an errand yesteréay because....(1l went on my bikél‘
Iastances where we use these terms in mathematics are:

3/3 is not an answer even thcugh 81344 10 °

‘8/3 is not an answer because it is not a counting number

8,3 is not .an answer so we do not include it in the

- solution set

We have a tendency in mathematics to put simple words together into very

difficult questions.

~Hxaméle 5 (3)
Each student is shown a set of shapes consisting of large triangles,
ciriles and squares each in red; blue and greén. Small ones of each
color and shape were alsc in :the set. The shapes are lettered A to ¥

{(Simpler versions. can he given to younger children).,
////;::\K Red } Rgd’- - Re
€ hY D V4 —— {“;
‘f\% ' "
Bluz i Blue
A, - .
N (9 ] BN

/

Green ,;:gnA -rrgen. Gfeen

T S




Questions asked are of -this type:

1.

3.

4.

5

Our prelininary research has indicated that many students in high
school had problems with the questioh§ 3(a) and 4. Of one sample of

318 students only 217 of the grade 10's, 34X of the grade 11's and

(a)
(b)
(c)

(b)

(a)

(b)

(a)

(2

Hrite the letters of all the

Wirite the letters of all the:

Write the letters of all the
circles.

Wrize the letters of all the
and red.

Write the letters of all the
and green.

Hrite the letters of all the
red.

Write the letters of all the
nor greéen.

Write tte letters of all the
and red nor big and green.

Write the letters of all the

shapes that

shapes that

shapes that

shapes that
:hapés‘th-t
shapes that
shapes that

shapes that

shapes thac

>

are

are.

are

are

are

are

are

are

are

34Z of the grade 12’s got all the questions correct.

iiearly 807 of the grade go’f‘s, 65)1.’ -6f the grade 11's and 12's hé@’
difficulty with question 4. Apparently students were ﬁngbie ;o>k:e§
track of four attributes at one time. 1 believe thi; is not a ré;dihg
problem in the phy. ical sense‘bu:*iaihef a. problem: of 1§¢k»of~c6gnitiVe

development to be able to proéerly respond to the written-words.

-not small green

-neithér small

not yellow,

not circles:

not blue circles. ~

not ‘both big
not both small
neither big nor

neither small

P -
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1
A& final example of simple words that contain a diffgcnic concept is
the {f....then.... sentences. We all know that much of the logic
underlying mathesatics hinges on this sentence structure,

Exg!glevﬁ (5)

A picture of two girls is shown to the szudents.

&

Jean Carol

The following statement is presented:
" "If Carol goes for a walk, then J;aﬂ alvays goes with her.'
TheJEOIIOUing questions are asked:
j(a) ‘Houlé it be possible for Carol to go for a walk, and Jean
) to stay at home? )
{b) Would it be pos;iﬁle—for Carol to go for a walk and for
Jean to-go for a walk?
- A(CJ' Wégld it be possible for Carol to sétay at home and f;r
. Jean to stay at hqgei
(d) Would it be possible for Jééh to go for a walk, and for
Carol to stay at home? ’

(e) Would ic'be,possihle,for'Carql’to‘stay at home, and for Jean

®

R T

to g0 for a walk?

Our test results indicate that many-ifudents in- the secondary school

wave difficulty with questions ¢, d and. e. They usually reply “Jean
RJ}:‘ and Carol nust always go out for a ii}&’together."
1 4 . - ft

,
| i




1
So far in this paper I have only presented a sanple of the problems
connected with words. There is the problem of interpreting symbols -
as well. Iz is a compound onc, fitst;thc symbol needs to be trans-
lated into vords (a difficult enough task in itself), second, the words
need to be interprered:. (symbol —>word —sconcept). Many students be- .
come familiar enough with symbols to omit the word stage (symbol—> con—
cept) but often in gaining this familiarity the word stage is used. Many
students do not progress to the symboliconcept stage.

Three instances vith reference to symbols will be fllustrated. The
 first involves = (equals). Steffe, (6) points out that young childrea

he vorked with would write 3 + & = 7 but would siot write 7 = 3 + &.

The reason given by the children pafaphrased here, is tﬁat equals alwvays
follews an operation - a doing. Ts this buflt into our teaching or is it
inherent in the st?ges of a child's defel@pigni? We are not certain.

The second exampl; involves basic codcep§;~o£ unfion and intersection of

sets.
- {23 U sy = {2,345
23,8 N f2,450 = {24 T - -
Using a tesglée?iscd by Bliss (5) we tested a shgn1§~of ﬁlgh‘school stu~
dents -and found nany students had & computational facility with union and
intersection, yet did not haVe‘a>qsable'co;ceptuai ubderstandiggfofﬁfthe tvo..

, . L
Finally, Collis (7) has indficated that

8x3=3xl isof lower -cognitive level than 7 = 4 = A= 7
8+ 4~ 4 =/ is of lower level than 4283 + 517 ~ 517 =43

a-=b= 2&‘923 requires a comparatively high level of cognitive

W

developnent..
In summary, T have presented a few samples vhich_:ggdfto:indicate simple ,
wvords cften convey high level concepCs»requgtigk high level cognfitive
developrient. These samples ire only a few of the many we have. I have
15




tried to point cut that there is a definite need to not only teach stu-
dents words bur we nust teach students the ideas being represented by
the words. ¥e must not assume that because a student does not perform
adequately in response to a passage in a mathematics book that it is a
reading problen in the physical sense - it nay be ;'cognitive develop-
ment problem, ’

I feel we are making progress in identifying the specific nature of

some of the weaknesses (objective 1). ¥e must now attack the second
objective - that of indicating ways and means to overcome the wveaknesses.
Ye have 1d§as but at this point we have no expcrimental results to back
them up. For what they are worth, let me put forth a couple of ideas
related to what I have been saying.

I think we must find ways to build word-meaning assbgiacions and especial-
1y wvord groups — meaning assSociations. Perhaps syabol groups ~ meaning
associations will follow more naturally.

Example 7 (8)
Read: 82-+ b

- P =

¥Four ways to read this are:

’§% +b, Yeight squared plus d"
. P ) .. "
(8" + b | the square of .eight plus b
- {82;4xg, b is added to the squate of eight”
ZH-? N 2 Z . " -
g+ b b 4s added to eight squared

-

Many varfed cxpg;icnces will more likely develop the proper associations
than just using one of the four.

A problen that symhnls present is that a st@deﬁr may not be able -to pro- -
nounce the word(s) repkesenced; There are no hints. He can®t use the

-

rules of his phoretics class. To establish a.phoncue—érapbc-e relation to

J}("N" 15

-




il

one has to recall the following words as spoken by the :teacher: the
integral of tiie function of x with respect to x. "The student can at
least read aloud the word form but may have no clue as to how to read

the synbolic form. Utilizing symbols only when necessary or only after

~Students have adequate facility with them will aid the weak reader in

sathematics. Drill in symbols is necessary. .
Mathematics tca'c‘héirs?along with others,like to quote Lewis Carroll in

Tirough The Looking Glass where Humpty-Dumpty says to Alice "When I use

a vord it means just what I choose it to mean ~ nefither more nor less.”

In mathematics words afé used with special meanings (we »|;’ay thea extra -

said Humpty-Duapty). These special meanings often -~ though not alvays -

are related to the fomsion meaning. Take the word “associative” as ia

The Associative Property. We can illustrate the relation this way:
nal;heaacics example

(B+9)+3=8+ (9+3) Jerry and Harry joined Mary.

Jerry joined Harry and Mary.

To sum up, we mast pmﬁide students with a brnader set -of experiences

- centred about the concepts in. vhfch weaknesses in reading -are reflected.

These biroade: expex;iences will provide for greater cognitive development
in the !conccptua»l area hence the words the ‘s‘tud‘eixtg* read will have io’:e
specific and deeper meanings: This aspect of téiéhing reading is sore of
a concern to the mathematics teacher while the ugchanic;s and other aspects.

of i‘eading not mentioned here maybe of -equal concern. to both l;he teacher of

mathematics and the teacher of reading. e
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