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ABSTRACT

In an examination of theoproblem of national
mathemag+tical 1111teracy, the math student, the math teacher, and the
math pr oblem are ‘discussed. The math student may have defects,
deficiencies, disruptions, and/or differences in the cognitive.
abilities required to perform a mathematical problem, The math-
.*eacher may *end to be less verbal and less socially responsive *“han
other teachers. Math teachers also may have internalized mathematical
reasonlng and its accompanying numerical coding and notation so that
they can hardly understand the primitive state of most students and
“many adults and thus students tend not *o ;question, but instead
accept math as a closed system. The math word problem poses a barrier
to learning because of the new words and nota*ions and the complex
language and terse sentences. An approach to “hese problems which
involves the s*udent, the teacher, and the problem is the R/Q
procedure, ‘a variation of the ReQuest procedure develop=sd by Manzo.
The R/({ procedure is a questioning strategy carried out- bctween
teacher .and student in .which they both read each sentence of the
problem and then ask each other questlons about  the problnm until the
student is ready to solve the problem: (MKM)
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The difficulties sxperienced by students in dealing effectively with

"word" problems and related math concepts is unparalleled among current

educational dilemmas; it is also among the lowest ranking of mational priorities.

-3

There are more computatibnal morons and math illiterates than there are people»

: who cannot read. TFurther more, there are many who can read and language

eifectively, but who are reiatively incompetent to deal with simple &% math concepts,'
fundamentai cemputation,and even the simplest of life‘prpblems requiring the
use o% mathematics. The nambers of people in these ca@egories exceed'the,

combined magnitude of theanumber who ha?e been ealled "culturally deprived,f

those called "learning disabled” and, as suggested above, those labeled

s

"functionally iliiterate.™ _Weakness among .cltizens in dealing with math con-
cepts, computatiofi.and word problems is so endemic to the society that it .tends

to be accepted as an envirommental fact; and as such is an understandable leser

in the natlonal competition £0r our problem-—solVving resources

‘

It is the intent of this paper to garner wider interest in this broblem‘by'

t

. ) v
explicating areas of the situation intended to pique the interests of professionals

in ahd‘peripheral to math education. Assistance from the latter groups .
especially reading/language arts specialists and learning.psyehologists, is

needed to extend the reach of examination to new dimensions fxom which alternate

“ -

approaches to resolution may be generated.

" c N ’ .
- Paper- prgsented to the Missouri Council of Teachers of Mathematics, October, 1975.
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To these ends, three zones suggest themselves for exploration:

the Math angeéE%Cﬁhe Math Teacher (and his teaching), and the ath Problem.

a

The Math Student

. A non-math world ~ Students live in a non-mathematical world. The
. . ) LY

functions and the lenguage of math erelhidden, .Therefore, aamajor source of,ﬂﬂgi'
"incidentel”ylearning is obliterated. Incidental-learning is a non—specific_

but fundamentel‘and.nidden curriculum which establishes a student's ”readiness"
for subsequent systematic insrruction. "Readiness programs,f while helpful,’

cannot equal the impact of an environment rich with opportunity for incidental

)
[

learning experienoesu Tt is for this reason that in an analogous realm, viz,

4

reading instruction, even the most carefully constructed Yreadiness" programs

have failed to insure success in reading for disenfranchised students as

compared with.the incidenfal'preperation typical to middle class life. .
’ - - : ‘ C oSt :
. Math appears esoteric %~As by-product of the first o-uueégation,»plus the

fact of low utility, math éppears to most students as esoteric and unrelated
to the requirements of daily living; which in fact for the most part it is.
It simply is not on a par with social studies and life sciences for popular

T

"appeal and utility.

. SoIVing_math problems 1s perceived'as a;perfunetory activity - Both of

..................

the conditioﬁs stated abova partic1pate in this condition. It is a long
estab11°hed fact that problem solving involves intellectual Lension, with a re=

‘sultant rise in dissonance, and dramatic as it may seem, the consumption of

1life's Iimited energies. The reinforcement for‘permitting'aissonance to occur

L= v w— - -

comes in rhe form of a satisfied feeling accompanying release from tension. “This

B IR P

. is not achieved as a full cycle for many who attempt math w0rd problems due to
the fact that a) they frequently fail to solve the problem, b) the problem.does
not appear sufficiently relevant to -warrant the'diecomforf,-c) the realization

that the answerris already known makes the entire experience appear idle'énd

3

«

perfunctory.
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. Many studeatd

«re impeded by defects, deficlencies, disrwptions and/or

differences where wmdth 1s concerned.” These four "D's" are useful diagnostic
models recormended by Weiner and Cromer (1967) for examination of reading
difficulties. It ie a simple and therefore easy fact to overiock that mathe—

matics is a form of abstract reasoning which challenges the limits of intellectual
abilities. In this respect, many must be said to ba frankiy‘defective, in the
sense of being constitutionally unable to ledrn easily and effectively. Others

Iikel? have deficienciles, misSing'subskills or weak-areas of cognitive xhility
which impeded their progress. »Stili othefs suffeftgigguptions, or'conditions which
sharply impede abétféc% reasbﬁing" Chief ambng these are emotional interlopings
cansed by high ievels of anxiety or impulsivity. ‘Finally, there are those
stu@énts who aré tempermeﬁéally incompatible with mathematical operatibns;
they have a cogniéive style which is different;from the requirements of

mathematics. It bas even beeu suggested that left~hemispheric brain dominance,

which is mosl predominant, tends to orient cognition toward verbal operations
' 7] , ' '

ags opposed to mathematical ones, Y

t . &

‘The Math Teacher (and'his-teéChing style)

. Math-teachers have counter-effective peccadilloes. They 'tend to be less

‘ . Co B i % o : .
verbal and less socially resronsive than othex teachers. The math teacher is

not given to excesses, he regerves hils passion. He is a long—distance runner;

Y

a singles tennis player; z chess enthusiast. He prefers cerebral to socilal

~activity. He is committed to order, control and structure. He also appears

>

judgmentai and sééially distant. Thqée features are at odds with youthful
exuberances and excesses., The resvlting lack oflempatbyﬁbetween most students
and their math teachers 1g genéralized to the subject of math, which in

fundamental ways 1s also incompéﬁible with youth. .

N
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. /The math teacher, in a manner of speaking, is too smart — The math. -

{ b
i . N i

teacher has so internalized the vagaries of mathematical_reasoning, and is so
comfortable with numerical coding and motation hat he can’ hardly” understand the##-JA
) o i ' : i
primitive state of most students and many adults. Knowing as he does more than

s
. N R

even the adults about -him, the math.teacher develops a very understandable sense

of superiority (as do, others, such as English teachers and editors). Add to this
the basically non-verbal nature of the math teacher, hils lesser degree of soéial_-
responsiYeness, arid the students’ jmpression.that the math teacher 1s distant,

C : o : oo Ko
and the result is a still classroom.. The most frequent sound is the teather's

erstwhile query, "any question?", to which students internally respond — "she

must'be-kidding;-l don't even know what.to ask.'”

. Math-1s taught as a closed‘system. Mathematics as_taught in School does

not invite curiosity and inquiry. The anSWefs are in the back of the book.

N . a

Further, : the math teacher came to his interest in math primarily because it was

2

orderly ‘and predictable, thus he tends to represent it as a finished product

R

rather than as an open, scientific systemjof coding and 1life problem~solving.

This condition suggests a paradox with the above observation, that the math

_teacher knows too. much because his inabildtyrto present mathematics as viable

suggests that he does not know. it quite well enough

.  The new math 1s a new contrivance; and little more. The "new math" with

its "distrubtive," "commutative" and "associatiVe“ properties is reminiscent of

another educational monster which we are still struggling to divest ourselveq

" on and ad] ectivals.

of, namily grammar lessons, with their "verbals, gerundives

Neither good speech nor good "math senseﬂhare products of lessons in the skelital

structures of the disciplines. Goodvlanguage is an'extension of dynamicg

examination of 1life environments and incidental conditioning to good language
' . l) ’
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too, 1s mathematical sense likely to develop. New math attempts to teach

-expressions "product of" and*"distributive property’” are new language, they'-

" by any. reaoonable definition 1is frustration level reading . .

- joylessness and terseness whidh can be found in_ even a simple sentence without

patterning In a mileu rich'with'empﬁatic models 0f the desired behaviors. So

math language and uath concepts, out these only haVe meaning, as an outline has
fieaning, when preceded by experience and knowlzdge for which it serves as |
organizer and réminder. The ideas and language of’new‘uath may be fundamental
properities'of mathemaricsy but theyoare neither Smele nor useful ideas in
learning math, This is not to say that theylare totally useless. They Probably

have a utilityvanalogous to the impact on reading skills gained when a.student

is taught to label and discriminate diphthongs from diagraphs.

. The Word Problem

. Vew.wrds and notation are a new language. The notations and language

0of math create massive levels of symbolic confusion and obfuscation. It is

ccmparable to learning a new language, and hav1ng ‘to lea:n from it at the same

tlme. Here is a typical 1ine from a 5th grade'~orkbook "to find the product of

9

3+ 242 you can apply the distributive property as shown at the right.” The

account for unearly 20%Z of the words in this short, declarative sentence. That, "

»

. Complex language and terse sentences. - Even when all the words are known,

Al .
the. language of math is terse, uninspirational and/or eyntactlcally overwhelming.'

Pﬂro is a sentenceg again from a, fifth graae book demonstratlnv the level of

-~

it

;

so much as a comma splice. "One way to find the least common multiple of two’

numbers is to list the multiples of the greater number until you find one that

is also a multiple of the smaller number.”" This 1s unconscionable use of
§

. -
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language in school texts. ' o : o

. The word problem offers little context to justify itself. A student

can be led to read and comprehend complex soclal and econemic problems because

o

his social studies book attempts to meet him where he is and to lead him from
the p01nt of a personal concexrn to a magﬂlftcatxon of that understandlng to

higher plains of abstraction and generalizatlon. The problems found in a math

.

book are the bottom lines of 1oﬁg but unexplicated stoxies. Further, matheématical

2
)

systems are answers to questions which students have not been led to raise.

N .

It'is this fact, perhaps more than'any other, which'renderé math and many things

associated with it to appear su erfiuous, arbitrary, dintimidating, and to many,

T— .
v _

* punishing.

" Only a Balm Cdn Solve These Problema

"

The breadth and deprh of the situation which culminates in the question

"why can't students read math ‘wotrd problemﬂq” will require time and thought to

l . | o : , | | o
unravel. It is evident, however, that the resolves will need to iniclude a balm -
.an anointment to heal and soothe the sense ©f being put upon that most people

- feel when they meet a math book and, ko an ektent,.a math'teacher.

The balm.w11] u;doubtedly be constituted of certain predlctab]e 1ngredlaats
Undoubtly it will include a pulverizatlon of exlsting math books aud the
conutruction of neW'ones which are 1esq pedantlc, and whlch talk . and welcome
conversation back. There wﬂl also ®uw need to extend f”he utllity i m
the Ianguage of math into the language arts and-social studles, this to make

the wvocabulary of math more a part of ovr-dally community aé'words, and alsoy to-

e ) . . ) . . %
humanize a language system which, with the exception of the googol, is

.unappéalingly antiseptic. The reason, puipose and value of mathematical systems

-

aiso need'to‘be explicated so students might unaerstand‘what the question s that:

. *a %oogol is the largest number with a name, it is tbe oquivalent of saying a
* million, million . .
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the construcmion of an equatlon presumes to answer. Tuo, teachina strategies
‘need to be devised which have the math teacher and student znyage in a reciprocal

interaction, one permitting them to influence and be Influenced by one another

>

in positive an&~empathetic ways.

o Y f N
In the latter category,’ we offer the R/Q procedure an”approach under
development by Professor William C Smith of mathematics eou"ation and the author.
- The technique as currently envisioned is a vaiiation on the ReQuest Procedure

-

.- (Manzo, l969), a simple strategy for improving comprehension.

The R[Q,Procedure

A strategy for - improving comprehension of word problems‘- A reciprocal -
questioning strategy carried cut between teacher and student, R/Q is’ designed
to tEaCh the language of math, a system of mathematical inquirv and word problem
‘solving. The teacher ‘serves ag a model of questioning, language and thinking
behavior.'. : ' . v : ‘ a ‘ .‘ o

Strategy e | - L

e . .
Teacher explains the rules and purpose(g) of the R/Q interaction, which are

- b

as follows:

1. noth teacher and student read the -first sentence of a woxrd problem
silently. ' :

2. . The student i1s directed to ask the teacher any: and &11 questions which.L
he -chooses to about that gentence. The student should try to ask
questions which he thinks'the teacher might ask of him, even:if he
does not have a pressing question in his mind at that moment.

a) The teacher answers all questions fully, eschewing the inclination
to tell the student more than he may want to hear.

b} The teacher helps the student to bette1 frame his questions so that
they are cogent, answerable and contain some math-like language.
{The teacher must make a special effort mot to answer questions

with questions)

8
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Optional: d) How is the comﬁutation'done(?)

3. When the student has asked all the questions he wishes to “ask, the
. knahher may now ask the student as many as he wishes. OQuestions
hould be.directed primarily’ to establishing literal comprehension.
Questions of the recall, recognition and translation type should be

stressad. . -
.>§// Reciprocal questioning continues through éach sentence of the woxd
. problem. - o : ' '

. Questioning should bea directed to each of three areas, in sequence:

a) What does the problem sa?(?) : ~ - o ) : -

N

ﬂgg_b) How is the problem best organized«translated 1nto math notation
to be solved(7) '

o

c) What computaticns must be done and in what order(?)

9

‘e) How can tbe answer be verified (?)

The above should be plecedbd by the Jtudent having 1ﬂdevendent]y attempted
to solve a word problem of”the type analyzed through ;he R/Q Interaction
/

/

© . . . | . ‘ - ’
Efforts to further shape the above_procedurerare in pfogress. One .
L " -

a“i_t101 suggested from recent experiences desarves Immedlate inclusion. It

is foL thcse Sltuatlons where the studen* is. having Extreme difficulty in aéking

quections, or_where the teacher finds'himself unable te overcome lils own prior
1 i ) -

. - ' . ) ) -i TP ’
conditioning, as when he answers questions with questions, regularily uses

- difficult teéhnical_langﬁage, or otherwise simply intimidates the student by

1
appearing unexplainably imposing.  The variation has the student and teacher
° o N - .

acked one ancther just one question each at a time. When the studcnt ceases’

to raise questions, he must solve the problem.

\

Cﬁrrent efforts are limited to one~on-one teaching, it is anticipated,

however, that the procedure will be equally viable with groupé of students.

9
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the student to raise or ansWer

\\f The. ceacher could select, from voluntecrs,

‘a question, until svery student had exhausted his optiom.
" Additional possible variations and a data based assessment of the efficacy

of the procédure will be forthcoming. We welcome critiques, anecodatal accounts

-

‘T

L4

and suggestions.

\»

Referemces . . |

-

.

Janzo, A. V., "The ReQuest Procedure,V_Journal of Readlng, (Nov., 1969)
Mathematics, School of Education,

Manzo, A.V., & Smith, W. C., R/Q ProcedureS'
Un‘verqity of MiSSouri - Kansas City CMimeo)

. "Reading and Reading Difficulty' A Conceptual

Vel:::, Morton.and Ward Cromer.-,
Harvard Educational Review, 37,4 (Fall, 1967).
1 .

" Analysis.”
— Ly . I . ] . k . ) o
. . .

A




