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INTRCDUCTICK

The slewer learning adolescent ususlly finds mathematics difficult
and uninteresting. He pgenerally takes a course in mathematics either to
gein a credit for graduation or to wait for the time when he can legally
arop out of schoocl.

Yany times the slower learning adolescent's dislike of mathematics is
a2 result of inadequate teaching methods and ¢f an uninteresting and meaning-
less curriculum. Professional journals, mathematics method books, and
reference bookxs on the slower learning adolescent indicate that the
traditional lecture-demonstration-drill approach together with the present
grade placement of topics and the emphasis on perfecting computational
skills does not meet the needs of this type of student. H. Van Engen,
Herbert Hannon, Edward Xrug, the Secondary Schocl Curriculum Committee of
the National Council of Teachers of Mathematics, and G. M. Wilson are
stating thet a special mathematics precgram designed for the learning capacity
of the slower learning student should be developed. They state that it should
not te a remedizl arithmetic program, but instead a mathematics program
which enables students to develop mathematical concepts and skills necessary
for the solution cf their cresent problems as well as those they will meet ~
in the future. To help develop such & progrem, H. Van Zngen and Douglas A.
Pidgeon are suggesting that the personal-social topics such as insurance,
investments, installment buying, and taxation be eliminated from the
intermediate school curriculum. They explain that these topics are not of
interest to these students tecause the students are not mature enough yet

to zpply them to their immediate situation.



To help improve the teaching methods used in the mathematics courses for

the slower learning adclescent, Donovan A. Johnson and Charles Zutler are
suggesting the use of the mathematics laboratory. Title III of the Nztional
Defense Education fct of 1958 is promoting the laboratory method by enabling
mathematics departments to remodel facilities and to purchase equipment and
materials. In addition to facilities, equipment, and materials, the tezcher
needs to have guide sheets for the student to use in the laboratory. This
study reviews the literature concerning the needs and characteristics of

the slower learning adolescents, their ability to understand and use mathe=-

matical logic, amd the laboratory method of teaching mathematics.

I. THE PROBLEX

Statement of the problem. This study was designed to review the

literature related to the slower learning adolescent, logical reasoning
patterns, and the laboratory method and to design a sample laboratory
experiment to develop the concepts of logic. This experiment is presented
in the form of a guide sheet to be used by seventh, eighth, and ninth
grzde slower learning adolescents. Similar experiments can be designed to
enable teachers to make use of the lzboratory method in the classroom.

It is hcped that the writer and other teachers will use this study,
and design other studies to answer the following questions:

Are slower learning adclescents able to learn and to use logical
reasoning patterns?

Does the slower learning adolescent learn the concerts discussed in
2 unit on logical reascning ratterns more quickly, mecre easily, and more
completely when taught through the use of the laboratory method as cempared

to the lecture-demcnstration-drill method?



Importance of the study. At the present time much written support

is being given by mathematics consultants and specialists in the field of
mathematics methcdology to improve the quality of mathematics presented to
the "averzge!" and "above average" student in the intermediate school.
However, very little has been done to improve the presentation of material
to or the present curriculum of the slower learning adolescent. Mzny times
teachers are exposed to some well-organized units and experiments, but lack
the ideas, the time, or the material to develop them. Therefore, the review
of literature and sample experiment in this revort should orove useful to

teachers of slower learning adolescents in the intermediate school.
IT. DEFINITIONS JF TERMS USED

Ltdolescents. Adolescents are children in the last stage of the
development from immaturity to maturity consisting of ages 12-15.

Guide sheet. The guide sheet contains the essential information
which the student must have in order ito carry out the experiment. OSpecifi-
cally, the guide sheet contains a list of objectives, equipment needed,
directions, and questions which lead the student to the conclusicns.

Intermedizte scheocol. Intermediate schools are middle schools and

junior high schools which have an educaticnal program designed to meet the
needs, interests, and sbilities of adolescents. The curriculum is 2
flexible eggregate of exploratory experiences in group and individual
activities.

Laboratery. 4 recom which is preperly equipped for the performance of
experiments. This may be a classroom, or a special room equipped for the
purpose of carrying on laboratory experiments.

Laboratory demcnstrations. Activities that either a student, group




of students, or a teacher performs in order to explain or introduce topics
through example.

Laboratory experiments. Activities that students can perform

individually or in groups covering material related to the topics they are
studying, will study, cr have studied.

Laboratory method. The procedures and motivational devices used in

a mathematics laboratoery.

Logical reasoning or Logic. The science of the formal principles

of correct reasoning including the ability to recognize invalidity and
validity; to make logically correct inferences; to use inductive reasoning;
to use deductive reascning; to use and understand negations, cenjunctions,
disjunctions, implications, and definitions; to think consistently, clearly,
precisely, and creatively; and to analyze and apply techniques and skills
used in logical thinking.

Logicel reasoning patterns. These patterns are understood to be the

processes used in deducing new statements or propositions from one or more
given statements or actions.

Slower learners or Slower lesrning adolescents. Students enrolled in

the intermediate school who exhibit one or more of the following characteris-
ties:

1. & number of college-carable students who have not as yet
discovered their mathematical tzlent.

2. Those who have been insufficiently challenged.

3. tudents from economically depressed areas or from disadvantaged
hcmes. :

L. Sccially maladjusted children.

5. These with emotional problems that prevent them from functioning
at the level of their ability.



10.

11.

12«

13.
1.
i,
16.
17.

Lazy or reluctant students.
Unmotivated students.
Those with low natural ability.l

Those who rank below the 30th percentile in mathematical
achievement.

Students who are inconsistent in growth development or are slow
in maturing.

Students who dislike mathematics, have poor work hatits, are
repeated failures, or have an inadequate curriculum.

Students exposed to urwarranted educational pressure or unrealistic
expectations.

tudents with physical defects.?
Those who may be bored.
Those having family problems.

Those students who have a language problem--foreign or Znglish.

Students having problems getting along with their peers.3

III. TFROCEDURES ENMPLOYED IN THE STULY

The procedures employed in this study consisted of (1) analyzing

textbooks, reference bcoks, and magazine articles at Kansas State University

on the slower learning adolescent, mathematical logic, and the leboratory

method of teaching, (2) designing a format for the sample guide sheet to be

1sa1 weiss, "Innovations snd Research in the Teaching of Mathematics
to the Terminal Student," The Mathematics Teacher, 60:611-12, October, 1967.

2rlorence Zlder, "Mathematics for the Below-Average fchiever in High
School," The Mathematics Teacher, 60:235-29, Narch, 1967.

3Jane G. Stenzel, "Kath for the Low, Slow, and Fidgety," The
Arithmetic Teacher, 15:30-L, January, 1968.




used by the students in the laboratory, and by the teacher for future
reference to develop more lzboratory experiments, and (3) developing the
appendices to be used by teachers wishing to expand this study to a2 unit

on logicel reasoning patterns.



CHAFTER II

REVIEN OF THE LITERATURE

A review of the literature pertaining to the slower learning

adolescent, logical reasoning patterns as a unit of study in the inter-

mediate school, and the lzboratory method of teaching mathematics was

conducted to answer the following questions:

l'
2.

9-

How is a teacher able to identify a slower learning adolescent?

What are the needs and characteristics of a slower learning
adolescent?

wWhat is the teacher's role in teaching the slower learning
adolescent?

‘What ere the attitudes of mathematics consultants, specialists

in the field of mathematics methodology, and teachers about the
present mathematics curriculum for the slower learning zdolescent
in the intermediate school?

Do mathematics teachers, specialists in mathematics methodology,
mathematics consultants, and psychologists advocate the teaching
of logical resasoning patterns in the intermediate school?

Is there evidence that the slower learning adolescent in
mathematics will be able to learn logical reasoning patterns?

Whet mathematical cencepts should be covered in a unit on logical
reasoning patterns?

Do specialists in the fields of mathematics, mathematics
methodology, and psychology advecate the use of the lzboratory
method for the slower learning adolescent in mathematics or in
teaching logical reasoning patterns?

How should the mathematics laboratory be organized for the
slower learning adolescent?

Each of these questions is dealt with in the following sections of

this chapter.



I. IDENTIFYING THE SLOWER LEARNING ADOLESCENT

Max A. Sobell and Jane C. Stenzel2 have stated that there have been
rmany terms such as "low achiever," "slow learner," "nonacademic student,“'and
"mathematically less gifted" used to describe adolescents who are below the
average student in their ability to learn mathematics. These students are
not always dull, but instead they may not like mathematics or may not
understand it. As G. Orville Johnson? has stated, these "below average"
students zre usually one of two types of youngsters. They mzy be "late
bloomers" who at a later time when they have achieved additional mental
maturity will have the ability to learn the concepts and skills their
Maverare" classmates are now learning, or they may never be able to lezrn
these concepts and skills because of their lack of mental development.

Many teachers have made the mistake of trying to identify these
slower learning adolescents by IQ scores. MNax A. Sobelh explains that there
is no fixed IQ score which will identify this type of student. Even though
the average IQ score of a group of slower learners is usuzally sbout 85,
there have been cases of students with low IQ sceores doing well in class as
well as cases of students with high IQ scores failing in class. To help the
classroom teacher identify the slower learning adolescent, Max A. Sobel

suggests giving attention to such items as "past performence in arithmetic,

4

1yax A. Sobel, Teaching Cenerel Mathematics (Engl i Cliffs, ¥
z A » feaching Cenereal Mathematics (Englewood Cliffs, New
Jersey: Prentice-Hzl1, Inc., 1967), D. l.

2Jane G. Stenzel, "Math for the Low, Slow, and Fidgety," The
Arithmetic Teacher, 15:30, January, 1968.

30rville Johnson, Education for the Learners (Englewood Cliffs, New
Jersey: Prentice-Hall, Inc., 1963), cited by Sobel, op. cit., p. 2.

L1pig.



teacher recommencations, reading ability, IQ scores, and results on
stenderdized tests."> In 196L, a conference sponsored by the U. S. Office
of Education in cooperation with the Netional Council of Teachers of Mathe-
matics identified the slower learning student by citing the fellowing
definition:
The low achiever in mathematics is that student who, by
teacher estimates, achievement tests, or by whatever means the
school uses for marking, grouping, or promotion, ranks below

the 30th pergentile of the student population in achievement in
mathematics.

IT. NEEDS AMND CHARACTERISTICS CF
A SLOJER LEARNING ADOLESCENT
According to G. Crville Johnscn, teachers and admirnistrators expect
slower learning adclescents to be discipline provlems, to be disinterested
in learning andé in school, and to be harder tc teach beczuse of a shorter
attention span. While many of these characteristics can be found among a
group of slower learners, such cheracteristics are not part of a child. All
too often the behavior of a student is a "reflection or result of what
teachers and the school have done to him rather than for him."7 The problems
facing a slower learner are é combination of his background, ability, and

environment. UIMr. Strom8 felt that the three fundamental things which a

5Tbid.

6?.5., Cffice cf Education in cocperation with the National Council
of Teschers of Mzthematics, Preliminary Rerort of the Conference on the
Low Achiever in Mathematics, (Washington, D.C.: Govermment rrinting Jffice,
196l:), as cited by Sobel, op. cit., p. 1.

7c. Orville Johnson, "Motivatior the Slow Lezrner," The Inner-City
Classrocm: Teacher Behaviors, (Columbus, Charles E. Xerrill ZBooks, inc.,
1966), p. 1lll.

BIbid., p. 116.
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school rmust do to develeop 2z mezningful program for these slorer lesrning
adolescents zre: empley qualified teachers and administrators; initiate a
curriculum that tnkes into account the child's environment, learring
activities, and academic, social, and occupational potentials; and use
metheds of teaching geared for success in lezrning. Young found in his
study that a student loses interest in & subject becsuse (a) he failed to
see the need for the course, (b) the course was uninteresting, (c) he
lacked a foundation for the course, or (d) the course was too difficult.?

For the slower learning edolescent in the intermediate school, the
emphasis should be placed on the characteristics and needs of the siudent
rather than on specific mathematical topics, according to iex A. Sotel.10
Some of these needs znd chearacteristics can be found in fppendix 5.
ibrahem summarized these needs when he wrote these "three i's: Acceptance,
tffection, Achievement."ll

Briggs,t2 Hines,13 and Sobelll suggested that 2 mathematics curriculum
based on the characteristics and needs of a student should refer to prior
mathematicsl experiences as well as have cpportunities for the student to

explere his interests, his aptitudes, and his capabilities, while leading

9U.8., Department of Health, Educetion, and Welfere, “esearch
rroolems in lMathematics Educaticn, Cooperative Research, Monograph No. 3
(Washington, U.C.: Government rrlntlng 0ffice, 1960}, p. 15.

1050be1, p. 3.

1Llii11ard Abreham, "The Slow Learner--Surrounded and ilore,” Today's
Health, XLIII (Seotember, 1965}, p. 59.

Doy Ty "r . Tre o - . v r
1242r12n Cameron Hines, Sunior High Scheol Curricula (New York:
Maemillen Co., 192L), p. 6.

137vid., p. L.

lh"ooel, op. cit., pp.3-L.
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carefully and slowly from ezsier mathematicel materizl to the more difficult.
This curriculum should motivate the student, emphasize method rather than
just finding the right answer, be z mathematiczl program rether tnan just
socially applied mathematics, and present a variety of problems.

4s Max Sopelld has stated, the slower learning adolescent in the
intermediate schocl has the same characteristics, needs, and interests as
other students his age. However, he has z greater need then the average
child to experience success and approvel as well as feel that he is a member
of 2 proup with a contributiorn to make. He needs his status identified,
his confidence restored, his interest stimulated, his attitude tcward
mathematics made faverable, and his ego flattered.

ITI. TEACHER'S RCLE IN TEACHIRG THE
SLOJER LZARNING ADOLESCENT

Sarzh 5. Creenholzl® has stated that automation has eliminated many
of the unskilled jobs that were once available to high school dropouts,
many of whom are slow learners. Since these jobs have been eliminated,
these students must be encouraged to remain in school. Therefore, zn
effective mathematics pregram for the slower learning adclescent should be

crezted. £According to Biggs,l? Kindred,18 Sobel,19 and Stenzel®© some of

151vid., p. L.

léSarah 3. Creenholz, "Seachirg Low ~chievers in High School iathe-
matics," Today's EZducstion, 57:71, September, 1948.

17zZdith E. Bicgs, "Mesthematics Laboratories and Teachers' Centres--the
Mathemetics Pevolution in Britain,” The Arithretic Teacher, 15:L08, May, 1968.

18leslie w. Xindred, The Intermediate Schocls {(Englewood Cliffs, New
Jersey: Crentice-Hall, Inc., 196T) p. lll.

1950bel, op. cit., p. 7.

205tenzel, op. cit., pp. 30-l.
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the more recent ways of achieving greater understanding of matnematical
concepts for the slower learner are to
1. Have a daily routine plan in which the student can think for
himself and discover for himself the mathematical patterns which
are to be found everywhere in his environment.

2. Develop concepts introduced earlier.

3. Introduce concepts which are approprizte to slower learning
students.

L. Make certain the program blends smoothly.

5. Start teaching from where the student is and not where he is
expected to be.

6. Fresent new ideas related to other subjects through the mzthe-
matics laboratory, field trips, and cormunity resocurces.

7. Allow time each day for review of previous meterial.
Many times teachers expect these children to be discipline prcblems. Max
L. Sobel suggested that the best way to prevent discipline problems from
arising was "to keep the student cccupied throughout the peried with a
meaningful, interesting, and challenging curriculum."?1

Some slower learning students have learned to hate and fear mathe-
metics. hLowever, according to Xrug, "mathematics in any form demands effort
and application from students. Unnecessary tensions in the form of fezr and

hatred are destructive to menizl and emotional health and to rezl learning."22

A solution to this problem might result in the student reachirg levels of

leobel, loc. cit.

225Gyard A. Xrug, Curriculum Flanning (New York: Harper and Erothers,
1957), pp- 152-53.
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attainment believed to be unattzinable befere. Bigge,23 Backman,zh and
Crowley25 have stated that to help a student overcome this problem, a
teacher can first try to restore the student's self-csteem. Tco often by
the time a slower learning adolescent reaches the intermediate school, his
repeated failures have produced a self-image composed of defeat and
frustration. The teacher can improve this image by giving the student simple
tasks which sre realistic in terms of his capabilities. The teacher should
let the student know that he wants to help him if the student makes zn effort.
4 teacher should never ridicule, but be aware and make an effort to under-
stand the factors that contribute to the problems of the slower learning
adolescent. fccording to Crowley26 these factors include brain damage,
culturel disadvantage, psychological disadventage, low IS, and physical
defects.
A teacher who accepts the fact that the low achievers are

teachable; a teacher who has a missionary spirit and a respect

for the worth of pupils with limited ability; z teacher who is

concerned and interested in individuals; a teacher who czan maxe

a pupil feel he not only belongs but 2lso is important; a

teacher whe can instill a sense of worth, responsibility, and

desire to achieve; a teacher who cares enough to give his very
best to the low achievers will make the program a success.

23korris L. Bigge, Learning Theories for Teachers (Yew York: Harver
and Row, Publishers, 1965), 292, 259.

2hélfred ¥orry Backman, "Factors Pelated to the Achievement of Junior
Hirh School Students in Mathematics," Dissertation Abstracts, 29:213%-%,
Jenuary, 1969.

. Crowley, "Teaching the Slow Learner," Today's Zducaticnm,
58:48, January, 1969.

27y. S. Cffice of Zducetion in cooperation with the National Council
of Teachers of Mathematics, op. cit., p. 13.



IV. ATTITUDES CONCEPNING THE
PRESENT MATHEMATICS CURRICULUM

According to Charles H. Butler and ¥. Lynwood 'r.*ren,28 the basic
concern of general education is to help each student realize and accept his
individual potential and to help him find success so that he will beccme 2
responsible citizen. However, as Harold H. Lerch and Francis J. Kelly have
pointed out "approximately one-third of the students in grades seven through
twelve are unsuccessful in meeting the requirements of cur educational
System.“29 ¥est of these students drop out of school before graduation zand
7continue to fail in their vocational and civil obligations. Lerch and Kelly
felt that the "two important factors contributing to this lack of adjustment
are the inappropriateness of the student's educational experience and the
lack of school climate for suitable personal development.“30 This quotzation
gives evidence to the fact that the schcol program as a whole and the mathe-
matics proéram in particular are not fulfilling the purposes of general
edunation and the principles of learning as listed in Appendix C.

It is interesting that children in the primary grades find numbers
and numerical concepts fascinzsting, but by the time these same children

reach the intermediate school, they have learned to hate and fear mathematics.

28cnarles H. Butler and F. Lyrwood Wren, The Teaching of Secondary
Mathematics (New York: McCraw-Hill Book Co., 1965), p. LL.

29uzrold H. Lerch and Francis J. Kelly, "A Mathematics Program for
Slow Learners at the Junior High Level," The Zrithmetic Teacher, 13:232,
March, 1966.

301pid.



32 and stated in a

This was recognized by Herbert Hannon,al tdward A. Krug,
research project by the U. S. Department of Health, Education, and Welfare.33
Edward E'Crugqh suggested that this situation might be due to the curriculum,
because of the grade placement of topics or because of the emphasis placed

on perfecting computational skills.

H. Van Engen35 noted that the arithmetic in the intermediate school
for those pupils in the lower-ability group must be carefully ccnsidered.
However, H. Van Engen,36 Herbert Hannon,37 Edward Krug,'%a the Secondary
School Curriculum Committee of the National Council of Teachers of Mathe-
matics,39 and G. M. Wilsonho stated that this consideration has not been met

and that there is a need to develop & special mathematics program designed

for the learning capacity of the slower learning student. Such z program

3lgerbert Harnen, "A Time to Appraise the New and Re-evaluate the Jld
in Upper CGrzdes and Junior High School Mathematics," School Science and
¥athematics, 63:171, March, 1963.

32Krug, Ow Ghts; Do 162«

e B Department of Health, Education, and Welfare, op. cit., p. 1ll.

3lgrug, op. cit., p. 153.

354, Van Ingen, "Arithmetic in the Junior-Senior High Scheol," The
Tezching of Arithmetic, National Society for the Study of Zducation Fiftieth

Yearcook, Fart 1l (Chicago, Illinois: The University of Chicago Press, 1951),
p. 106.

36Tvid., p. 10L.
37Hannon, loc. cit.
?BKrug, op. cit., pp. 1L6-L8.

397, Lymwood Wren (ed.), "The Secondary Mathematics Curriculum,"
The Mathematics Teacher, 52:L03, May, 1959.

Loy, s. Department of Health, Education, and Welfare, op. cit.,

Pe 5»
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should be a mathematics program and not a2 remedial arithmetic program. This
program should enable students to develop mathematical concepts and skills
necessary for the solution of their present problems as well as those they.
will meet in the future. However, these mathematics-education consultants
believe that the presenf curriculum which exists in the seventh and eighth
grades is not designed for this purpose. Thus, personal-scecizl tepics
such as insurance, investments, installment buying, and taxation which are
being taught in the intermediate school are not of interest tc the student
because, as H. Van Engenhl and Douglas A. Pidg,r'eonh2 explain, these students
are not meture enocugh yet to find these topics applicable to their immedizte
situations.

The research projecth3 states, and Charles He Butler and F. Lymwcod
Wren,hh The Secondary School Curriculum Committee,hs Max £. Scbel and
Donoven A. Johnson,2® and C. L. Thielel? agree, that the methemstics

curriculum in the seventh znd eighth grades 1s inadeguate to meet the modern

hlEngen, op. ¢it., pp. 115-116.

thouglas A, Pidgeon (ed.), ichievement in Mathematics (The lere,
England: National Foundation for Educational Research in Zngland and wWales,
1967), p. 12L.

L3y, s, Cepartment of Health, Education, and Welfare, cp. cit., pp. 8-9.

thutler, 60« Gitsy Ds B9

LSiren, op. cit., L03, LOS.

Léliax A. Sotel and Donovan A. Johnson, "fnalysis of Illustrative Test
Items," Zvaluation in Mathematics, National Council of Teachers of Fathe-

rnatics Twenty-cixth Yearoook (Meshington, D.C.: National Council of Teachers
of ¥athematics, 1967}, pp. 71-92.

L7¢. L. Thiele, "Arithmetic in the ¥iddle Grades," The Teaching of
Arithretic, Nationzal Society for the Study of tducation Fiftieth Yearbook,
Tert LI (Chicago, Illinois: The University of Chicago Fress, 1951), p. £9.
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needs of adolescents. Their major concern is that few new mathemzatical
ideas are introduced in these grades and that the traditionsal courses at
this level dc not challenge the student because the emphasis is usually
placed on drill.rather than providing for deeper understanding of the topics.
Therefore, they suggest that the mathemztics program for the slower learning
adolescent should contain the same basic concepts as those taught to the
average and faster learners. The only major difference should be the
teaching methods applied with socizl applications used only as an 2icd in the
development of thése fundamentzl concepts and principles. —
V. SPECIALISTS WHO ADVOCATE THE TEACHING
OF LOGICAL REASONING PATTERNS

Charles H. Butler and F. Lynwood ‘r.Tz'elrJL_,*148 Walter R. Fuchs,h9 Edward A.
Krug,SO and the Secondary School Curriculum Committee of the Kational Council
of Teachers of Mathematicsdl are cnly a few of the many specialists who
believe that the mathematics curriculum in the intermediate school is
inadeguate. Tﬁey sugeest that a2 modern mathematics program be introduced
which would stress the structure, the concepts, and the understanding and
meaning of basic mathematical processes. Max A Scbel and Donovan A.
Jc:hnsc«ns2 have suggested that some of the objectives of a mathematics

program should be:

L8

Butler, loc. cit.

LSga1ter P. Fuchs, Mathematics for the kodern Mind (¥ew York:
Maecmillan Company, 1957), p. 26.

SOKrug, loc. cite.
51Wren, loc. cit.

5250bel and Johnson, loc. cit.
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1. The student should have an understanding of mathematical
processes and concepts.

2. The student should associate mathematical concepts with appli-
caticns in community situations.

1. The student should be stimulated to demonstrate creztiveness and
imagination.

Li. The student should be able to think logically.

5. The student should use mathematical concepts to discover new
gereralizations or applications.

Coinciding with the beliefs of Max A. Scbel and Donoven 5. Johnson
that logiczl reasoning has its place in the intermediate school are Charles
H. Butler and F. Lynwood Wren,SBLucian Blair Xinney and C. Pichard Purdy,5h
G. Félya,55 Kenneth A. Retzer and Kenneth B. Henderson,56 The Secondary
School Curriculum Committee of the Nastional Council of Teachers of Mathe-
matics,57 and Seol Weiss.5® They agree that mathematics is an excellent
subject for teaching understanding and usage of plausible reasoning patterns
especizlly deduction. These specialists also realize that logical reasoning

makes mathematics more meaningful. Frege asserted "the basic concepts of

53Butler, op. cit., 70, 121, 273, 377.

ShLucian Bleir Kinney and C. Pichard Purdy, Teaching Mathematics in
the Secondary School (New York: Rinehart and Company, 1552), 8-9, 227.

55G. Félya, "Mathematics as a Subject for Learning Flausible Reasoning,"
The ¥athemztics Teacher, 52:7-9, January, 1959.

56Kenneth 4. Retzer and Kenneth B. Henderson, "Effect of Teaching
Concept of Logic on Verbalization of Discovered Mathematical Generalizationms,"
The Mathematics Teacher, 60:707-09, November, 1967.

5Twren, op. cit., p. LOO.

58501 Weiss, "Innovations and Research in the Teaching of iKathematics
to the Terminal Student," The Mathematics Teacher, 60:615, October, 1967.
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arithmetic can be reduced to purely logical concepts, and the bssic
properties of arithmetic czn be deduced from purely logical propositicns."59
This essertion hzs been examined by Kenneth 4. Fetzer and Kenneth E.
Henderson,éo end their conclusion was that logical concepts in relation with
mathematical generalizations should be an explicit part of the curriculum.
Inhelder and Piaget have made the following statement:
A1l authorities agree that adolescents show rapid progress
in their capacity to generalize, to make deductions, and to draw
conclusions from sbstract situations. They learn fairly rapidly
how to ezpply rules to specific situstions and to look for causes
and conséquences in order tc discover explanstions for themselves.b
Studies of Piaget62 support the belief that boys and girls tweive years of
age are able to work with mathematical ideas at a considerably higher level
of abstraction than is characteristic of traditional mathematiczl courses in
gredes seven and eight, and generally prefer intellectual activities that
challenge their reasonirg power.
A recent study st Wisconsin State University®3 and another at the
University of Wisconsin®l indicated that formal logic was successfully taught

with some degree of zbstraction to the eighth grade pupils. In another

S9Friedrich Waismenn, Introduction to Mathematiczl Thinking (Xew York:
Frederick Unger, 1951), pp. 69-70.

60?etzer, op. cit., p. 710.

61Barbel Inhelder and Jeen Piaget, The Growth of Logical Thinking
from Childhood to Adolescence (New York: Basic books, Inc., 1958), p. 332.

62&Jren, op. cit., p. LO3.
631014,
6lrys11iem 4. Miller, "2 Unit in Sentenial Logic for Junior High

School Students; Involving Both Valid and Invalid Inference Patterns,"
School Science and Mathematics, 69:5L8, June, 1969.
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experiment by Fatrick Suppes and Frederick Eini‘ord65 2 group of fifth-znd
sixth-grade students learned as much logic as z college class in the same
course, but at a slower pace with considerably more direct teacher supervi-
sion. These studies indicate not only that logical reasoning patterns can
be lezrned by zdclescents in an intermediate school but that they are
important and useful.

Applications of logiczl reascning occur in everything in which man
engages. Pax sertheimert® znd the Thirtieth Yearbook of the Nationzl Council
of Tezchers of Mathematics recognized that "logic is not a substitute for
precise reasoning or thinking, but the methods of logic clarify our patterns
of thought, guide us to correct reasoning processes, and help us avoid errors"57
through the understanding of the underlying assumptions in the events which
take place in our everyday situstions.

This review of literature definitely indicates that specizlists in
the fields of both mathematics and mathematics-education advocate the teaching
of logicsl reasoning patterns.

VI. EVIDENCZ SUFPORTING THE ABILITY OF T N IN
ADCLESCERT TO LEARY AND USE LOGICAL REASONING PATTERNS

Finally mathematics educztors are becoming zware of the fact that an

85 Patrick Suppes and “rederick Sinford, Ercerimental Teaching of
+ A - o 4o I & s o i
Mathematicel Logic in the Elementary School (Stanford University rress, 19%L),
16-9, 2L.

561 ax Wertheimer, Frcductive Thinking (New York: Harger and Erothers,
Publishers, 1959), p. 259.

SThore Topics in ifathematics, Nstional Council of Teachers of
Kathematics Thirtieth fearbook, cooklet No. 12 (Washington, D.C.: National
Council of Teachers of Methematics, 1569), p. 187.
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adeguate mathematics program must be provided for all students, including
the slower learning adolescent. It has been recognized by Florence Elder68
and Jane GC. Stenzelé9 that the slower learner has been mathematically
deprived because our educational system has failed to provide him with
courses which are exciting as well as applicable to his world. Instead,
each year the same old stuff he has rejécted for years is either spoonfed
to him or shoved down his throat. By the time the slower learning adclescent
has reached the seventh or eighth grade, he has already built up psycho-
logical blocks for at least seven or eight years against the addition,
subtraction, multiplication, and division which has been drilled inte him.

In 1962, the National Council of Teachers of Mathematics appcinted a
Committee on Mathematics for the Nen-College Bound. As Max 4. Sobel70
explained, this committee decided that units on new irdependent topics
which were designed to motivate tﬁe latent interests of the slower learning
adolescent were to be develored. The content of these units should extend
student's appreciation and understanding of the principles in areas such as
symbolic representation, problem solving, snd mathematical thinking.

In 1963, John Raymond Hodges7l concluded from his study that certain
eighth grade students can learn important basic mathematiczl concepts and

terminology regardless of prior mathematiczl achievement. Irnhelder and

68Florence Elder, "Mathematics for the Below-Average Achiever in High
School," The Mathematics Tescher, 60:235-39, March, 1967.

69Stenzel, loc. cit.
7OSobel, op. cit., p. 13.
T1lychn Raymond Hodges, "A Study of the fbility of a Group of Eighth

Grade Students to Learn and Use Certain Mathematical Concepts," Dissertation
tbstracts, 2L:5430, June, 196L.
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and Piaget,’? The Secondary School Curriculum Committee,73 and ratrick Suppes
and Frederick BinfordTh indicated that the adolescent in the intermediate
school is capable of logical thinking and can be taught to use formal
operations. When these students were enrclled in a course in logic, the
course gave rrestige to the students who were not socially accepted by others.

Llthough this is not much evidence supporting the ability of the
slower learning adclescent to learn logical reessoning patterns, the inves-
tigetor felt that this review of literature indiczted that z slower learning
adolescent with the help of a teacher who is interested in him and believes
he is tezchable will make the unit a success.

VII. MATHEMATICAL CONCEFTS TO BE CCVZRED IN
4 UNIT ON LCCICAL REASONING FATTEZERNS

The mathematics program for the slower learning-adolescent, according
to The Secondary School Curriculum Ccmmittee,75 Kindred,76 Sage,77 and
Stenzel,78 should contain the same basic structure and concepts as the
program for the average and faster learners, but should be geared to the

needs of the slower learners in the class. The teacher should nct try to

721nhelder, loc. cite.
?3wren, loc. cit.
7hSuppes, op. cit., p. 23.
T5%ren, op. cits, pe LOo9.

_ 76Kindred, oy Bi%e y Pr LB

TEgward Sage, "Elements of a Good Frogram in &rithmetic," School
Science and Mathemsztics, 62:186-7, March, 1961.

78Stenzel, op. cit., pp. 31-2.
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make mathematicians of these children, but provide them an opportunity to
find the answers for themselves_in intellectuzl activities that will
challenge their reasoning powers. In this way, the child will want to
continue studying mathematics.

According to H. Van Engen,79 the ultimate goals of arithmetic zre to
establish patterns of thought, to develop generalizations, and to establish
means of attacking real problem situations by Kinney's method of (1) under-
standing the problem, (2) analyzing and orgznizing the problem, {3} recog-
nizing the process required, (L) solving and verifying the answer . 60 These
goals can be met through the teaching of a unit on logiczl ressoning patterns
taught as & set of fundamental principles and deductive aprlications.

Butler and Wren,Bl Bernard H. Cundlach and others,82 %William ¥iller,

83
Richard I*iosie:r‘_,m4 Douglas Pidgeon,ss and Pztrick Suppes and Frederick

g " i ; Gl
Binfcrd“é stated thazt these fundamental principles should include the ability
to recogrize invalidity and validity; to make logically correct inferences;

to use inductive reesoning; to use deductive reasoning; tc use and understand

negstions, conjunctions, disjunctions, implications, and definitions; to

?93r1gen, Op- Ci‘b-, pp' 1014‘05-

BOKinney, op. cit., p. 23L.

8lButler, op. cit., p. 70

82Rernsrd H. Gundlach znd others, Junicr High Schcol kathematics 8,
River Forest, Illincis: Laidlaw Brothers rublishers, 19¢8, pp. 23-50.

83¥i11er, cp. cit., po. 5L9-52.

8Lpichard D. Yosier, "Frem Inquiry Logic to Symbolic Logic," Zducaticnal
Theory, 18:33, Winter, 1968.
—rin

85Pidgeon, op. cit., p. 18.

86Suppes, op. ¢it., pp. 2, 5.



think consistently, clearly, precisely, and creatively; and to eznalyze and
apply techniques and skills used in logical thinxing.

This review of literature indicated to the investigstor that the
concepts tzught in a unit on logical reasoning patterns should include
Objectives in Teaching Mathematics to the Slower Learning fdolescent,
/ppendix €, and Considerations in Developing a Lesscn for the Slower Lezrner,
Appendix D, as well as including the fundamental principles of logical

reascning.
VIII. ADVCCATES FOR THE USE OF THE LABCRATCRY METHOD

A major problem that still remains is that of providing z meaningful
curriculum for the slower learning adolescent. Although a student fails to
leern the fundamentals in arithmetic, the curriculum in the intermediste
school 21l too often repeats the same material in the ssme way. This constant
drill fzils to produce skill in these fundamentels as well 2s killing any
interest these youngsiters may have had for mathemztics. Such a2 program for
a slower learner is dull, destructive cf all interests, and helps to create
discipline problems as was observed by Fax A. Sobel. 27 igreeing with Sobel,
H. Van Engen,SB Butler and Wren,89 and a resezrch project by tne U. 3.
Depertment of Hezlth, Education, and welfare?0 stated that these pupils should

' be freed from incessant drill and routine work. They suggested that these

87Sobel, op. cit., p. 7.
88Engen, op. cit., p. 106.
895utler, op.cit., pp. 136-28.

90y, s. Department of Health, Zducaticn and Welfare, or. cit., po. 9.
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pupils be placed in a lsboratory situation which requires scme quartitative
thinking to clarify mathematical concepts. In this laboratory situztion the
students should be exposed to experiences associating them with physical
thirngs end with more reslistic and interesting situaticns.

92 Groenendyk,93 Hartung,9h Hines,95 Larry

100 1101

Butler and Wren,’! Elder,
Johnson,96 Kindred,97 Kinney and Furdy,98 Phillips,99 Pélya, and Stenze
stated that a group of slower learnirg sdclescents are not necessarily dull,
but appreciate topics which are taught with realistic expectaticns and

deadlines, shoert range goals, motivational devices, opportunity aznd room for

students to work together and move around, and ccntent selected specificzlly

915utler, ops ¢it., 2. 110,

92Elder, loc. cit.

Eldert 4. Groenendyk, "Lzb for 9th Crade Gereral Math.," MNidland
School, 78:13-4, May, 196L.

lzurice L. Hartung, "Motivation for Educztion in Mathematies,"
The Leerning of kesthematics: Its Theory and Practice, Twenty-first Yearbook

of the Nationsl Council of Teachers of Mathemztics (#azshington, D.C.: The
National Council of Teachers of Mathematics, 1953}, pp. 53-l.

95Hines, op. cit., p. L.

96Larry X. Jchnson, "The Mathematies Laboratory in Today's School,"
School 3cience and Kathematics, 60:3587, November, 1962.

7TXindred, op. cit., op. 378, L70.
98Kinney, p» cit., p. 225.

99Harry L. Fhillips, "The ¥athematics Laboratory," fmericen Educztion,
1:1-3, March, 1965.

100, ?dlya, "Method and Technigues of Explaining New Mathemsticel
Concepts in the Lower Torms of Secondary Schools, Fert I," The Mathematics
Teacher, 58:3,5-52, f&pril, 1965.

101stenzel, op. cit., pp. 3-L.



for the slower learner. Sarah CreennolzlO2 discussed the attempt at West
Hempstead Junior-Senior High Schcol in New York to provide a stimulating
program for the "under-achiever" from grades K-12. The classes were small,
the classroom was organized like a workshop, and the courses were problem
oriented in the form of experiments. Wwilliam Fitzgerald stated that "self-
selected mathematics learning activities meet the individual needs of the
slower learning students and that these students develop 2 better attitude
toward mathematics than those in a conventional class."103

lMaurice I«L':u"tungl‘:’t1 found that these repeated successful experiences
help to build the students' self-esteem and integrity, and Edith E. Biggs
recommended the laboratory method by stating: "I hear and I forget. I see
and I remerber. I do and I understand."105

This review of literature suggested to the investigator that the
lzboratory method met the needs and characteristics as well as improved the
learning sttitude of slower learners and put into practice principles of
learning which are commonly accepted by psychologists.106 Although there

was no information concerning the use of the laboratory method in teaching

26

logical reasoning patterns, this review indicates that it has been successful

10252780 Creenholz, "Successful Fractice in Teaching Mathematics to
Low Achievers in Senior High School," The Mathematics Teacher, 60:330-31,
April, 1967.

10374114 em M. Fitzgerald, Self-Selected hathematics Learning Activities

(Ann Arbor: University of Michigan, 1965), 65, 68, 73.
10&Hartung, op. cit., p. 5é.
1058igps, loc. cit.
106c1enda Cayle Travis, "Laboratory Experiments for Senior High

Ceneral Fathematics" (unpublished Master's report, Kansas State University,
1969), pp. 11-6.
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in teaching other topics to slower learning adclescents.
IX. ORGANIZING A MATHEMATICS LABORATORY

Adolescents like to investigate, experiment, and manipulate in order
to gain a visusl picture of the basic idea. Junior hizh schools tecday are
providing these experiences through exploration and guidance which can be
found in a mathematics laboratory. Teaching in a mathematics laborztery is
informal and individuzalized with opportunities to discover or rediscover
mathematical laws and truths by following these sugzestions:

1. Trrovide the pupil with opportunities tc zcquire significant
information about the field or activity being studied.

2. Explore the pupil's own interests and qualifications in that
field.107

3. Encourage the pupil that it is better to form a wrong hypothesis,
provided it can be tested and_the errors discovered, than it is
to be without a hypothesis.t08 -

L. Help the rupil realize that there is no perfect device which
solves every problem. 0%

fecording to Xinney and Purdy,llo many mathematics teachers feel that
the whole world is a laboratory in which the workings of mathematics is
studied, and the classrcom is the headguarters which furnishes the equipment

end materizls for carrying on this study and for providing stimulating and

107Kinney, op= Tiks, B 225.

loaKenneth 3. Henderson and Zobert E. Fingry, "rroblem-Solving in
hathematics," The Learrning of kethematics: its Theory and Fractice, Twenty-

first Yearbook of the liational Courcii of Teachers of nathematics (washington,
D.C.: The National Council of Teachers of hathematics, 1953), p. 118.

1094 - s ‘s o .
109=81ya, "Methods and Techriques of Explaining Few Mathematical
Concepts in the Lower Forms of Secondary 3chcols, Part I," loc. cit.

lloKinney, op. cit., p. 299.
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worthwhile experiences.

The pamphlet, Mathematics Laboratories in Schools,ll1 has stated that

the mathematics laboratory is a place for learning by doing, = workshecp, a -
mathematics library, a computation room, a mathematics room, and an envi-
ronment in which a pupil learns efficiently and more meaningfully. However,
before a2 teacher can use the laboratory method, he must know how to orgznize
a mathematics laboratory. As Haymond Sweetll2 stated, the lazboratery should
not replace any classroom zctivity, but should be used to teach those
concepts whidh are best learned through the laboratory methed.

113

iccording to Larry Johnson——> and Charles H. Butler and F. Lynwoed

wren,llh the laboratory experiments should be carefully planned, co-ordinzsted
with classroom activities, closely supervised, and guided toward definite
ends. Successful laboratory experiments can be devised by following these
five procedures of Donovan Johnson: 115

1. Frepare guide sheets for the students so that they will know what
material they need and what they are to investigate.

2. The laboratory lesson needs adequate materials.

3. The laboratory lesson needs a classroom with some flexibility
and certzin svecial equipment.

L. Zach student should participate in an activity in which he can
fnave some SUCCESS.

11lThe Mathematical Association, Mathematics Laberatories in Schools
(London: G. Bell ard Sens, 1968), p. 113.

1127aymond Sweet, "Organizing a Mathematics Laboratory," The
Mathematics Teacher, 60:117, February, 1567.

113Larry Johnson, op. cit., p. 588.
11h5utler, op. cit., p. 137.

115p0novan L. Johnson and Gerald R. Rising, Guidelines for Tesching
Mathemstics (Belmont, California: wWadsworth Publishing Co., Inc., 1967,,
pe. 307-10. '
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5. The students must be prcperly prepared for the lzboratory lesson.

The teacher may use several types of laboratory experiments. These
types range from data collecting experiments to using mathematiczl gzmes.

A list of twenty-five iypes of experiments may be found in 4ppendix F and a
criteria for judging procedures and motivatiornal devices used in the experi-
ments in fpperndix G.

Several types of lzboratories are found in junior high schools. The
type usually depends on the facilities and materials the teacher has at his
disposal. TFour types of laboratories were discussed by J. S. Framell® The
simplest type is a section of a classrocm where students can conduct
laboratory experiments. Some junior high schools have 2 small room built
between two classrocms which is used by students when conducting experiments.
A third type that several schools have is a computation laboratory. In this
type of laboratory, the students deal with the field of digital computers.
The last type mentioned by Frame is equipped with several desk calculators
and a high-speed electronic digital computer. This type of laboratory is
used with advanced students.

Scome teachers do not think that they have the proper facilities for
experiments and demonstrations. However, leboretory meterials vary from

school to school and carn be classified into real experiences, manipulative
materials, pictorial materials, and symbolic materials.t? A list of

up-to-date items useful in a modern mathematics laboratory can be found in

1183, s. Frame, "Facilities Tor Secondary Echool Mathematics," The
¥zthematics Teacher, 57:388-8¢, October, 195L.

1177 oster Crossnickle, Charlotte Junge, and William Metzner, "Instruc-
ticnal katerial for Teaching Arithmetic," The Teaching of fLrithmetic, National
Society for the Study of Education Fiftieth Yearbook, Fart 1I (Chicago: The
University of Chicage rress, 1951), p. 181.
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CHAFTER III
SUGGESTED LABORATORY EXERCISE FOR A PROFOSED UNIT ON LOGIC

This section contains a representative experiment designed for
seventh, eighth, or ninth grade slower learning adolescents. This experiment
czn be used as a2 guide to help teachers design similar experiments for each
topic taught in a unit on logic.

The sample experiment presented is flexible. This experiment and
all future experiments should be adjusted to the specific students who are
being taught. In one class, it may be necessary for the teacher tc supply
more information than is given on the guide sheet or to give careful step-by=-
step instructions during the laboratory pericd, while in another class, there
may be a need to design more stimulating experiments to replace the less
challenging ones.

Mathematical recreations provide an excellent means of stimulating
the interest of slower learners and of furnishing ideas for more experiments.
These recreations may be in the form of tricks, games, or puzzles. Some of
the numerous texts available that deal with mathematical recreations are
listed in ippendix 4.

The principles used in designing the following experiment are listed

in Appendix I.



CBJZCTIVE:

ZRUIFMENT:

DIRECTICNS:

LABORATORY EXERCISE ON LOGICAL REASONING PATTERNS

To discover the truth vslues of the conjunction and the dis-

Junction of two propositions.

Two simple circuits--cne series and one parallel.

General:

PART 1.
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e 5 C

Figure 1 Figure 2

The two figures above represent the same switeh in two
different positions. Figure 1 shows a switch when it is
Figure 2 shows a switch when it is closed.

L closed switch 2llows the electric current to flow freely
from point & to point B. An open switch will not allew the
current to flow at all.

open.

P2

3

& Q L
Figure 3

Consider the network of switches in Figure 3. idere we
heve two switches ccnnected in a line. This type of 2
connection is called a series comnnection. The first switch
is lzbeled r and the second switch is labeled Q. T labels
the place where the switches connect with the source of
electricity. L is the label for the light bulb.

Froblem:

When will the light bulb light? Let us experiment to find out.

1.

2.
D
c.

e

b.
Ce

Close both switches in the series connecticn.
Dges the bulb light?
Place your answer in the correct box in Figure L.

Close cnly the switch labeled P. Leave the switch
labeled T cpen.

Does the bulb lipht now?

Flace your answer in the correct box in Figure L.

w



3. a. Do you think the bulb will light if you close orly
the Q switch and leave the P switch open?
b. Try it. Does the bulb light?
¢c. ZFlace your answer to the question in part b in the
correct box in Figure L.

L. a. YNow leave both switches open. What will happen?
b. Does the bulb light?
¢. Place your answer in the tabtle in Figure L.

Table Figure L
Switch . Switch Dees the
P Q bulb light?
closed closed
closed open
open closed
open cpen
Result:

From this table you cen see that the bulb will light only
when switch P is and switch Q is .

FART II.

Now let us consider the conjunction of two propositions._
Let P be a proposition and § be_a proposition. Define PA Q

to be the conjunetion of P and Q.
Froblem:

when will PA Q be a true statement?
Explenation: |

To answer this questior let us try to relate our findings in
" PART I to these propositions T and §. Tefine the lighted bulb
to stand for a true cornjuncticn.

1. Leok at the switch in Figure 2.

2. The position of the switch is .
2, (Can the current travel to point & to B with a switch in
this position? Will the bulb light?

Therefore, let 2 closed switch stand for a true proposition.
Few look at the switeh in Figure 1. This switch is in the
position.
. Can the current travel from point & to point B?
Will the bulb light?
7. Therefore, let an open switch stand for a false proposition.

o MV
.
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Directions:
1. Look at Figure L.
2. Review the definition of a true conjunction, statement L, and
the definition of a false conjunction, statement 7, under
FART II.
3. Using 1 and 2 sbove complete the table in Figure 5.
Tables
Figure L Figure 5
Switch Switch Does the Proposition| Proposition| Conjuncticn
P Q bulb light? _ B o
F 9 TA G
closed closed yes true true
closed open no true false
open closed no false true
open oren no false false
PART III.

/r

is celled a varallel connection.
and the second switch is labeled S.
switches connect with the source of electricity.

Figure 6

for the light bulb.
Froblem:

When will the light bulbk light?

1.

a. Close both switches in the parallel connection.

¥

Consider the network of switches in Figure €.
two switches parzllel to one snother.

Here we have
This type of a2 connection

The first switch is labeled R

b. Does the light bulb light?
c. Flace your answer in the correct box in Figure 7.

2. Close only the switch labeled R.

lzbeled S open.
b. Does the bulb light now?
c., Flace your answer in the correct box in Figure 7.

T lsbels the place where the
L is the label

Let us experiment to find cut.

Leave the switch

a. Do ycu think the bulb will light if ycu close only
the S switch and leave the R switch open?




b. Try it. Does tae bulb licht?
¢. Place your answer to the questicn in b in the correct
box in Figure 7.

L. 2. XNow leave both switches o?en. wWhat will heppen?
b. Dees the bulb light?
¢. Place your answer in the table in Figure 7.

Table
Switch Switch ‘Does the
R 5 bulb licht?
closed closed
closed open
oﬁen closed
open oDen
Figure 7
Result:

From this table you can see that the bulb will light when
switch R is. : and switch S is s when switch B
is and switch S is or when switch R is

and switch S is "

PART IV.

Now let us consider the disjunciicn of two propositions._
Let X be a proposition and S be _a proposition. Define EVS
to be the disjunction of R and S.

Problem:
When will BV G be a true statement?
Explanation:

To answer this cquestion let us try to relate our findings in
PART III. to these propositicn B and S. Define the llghted bulb
to stand for 2 true disjunction.

1. Loogk at the switch in Figure 2.

2. The position of the switch is

3. Can the current travel from point A t¢ B with a switch in
this position? Will the bulb light?

;. Therefore, let a closed switch stand for a true propcsition.

5. MNow look at the switch in Figure l. This switch is in the

position.

6. Can the current travel from point 4 to point B?
Will the bulb light?

7. Therefore, let an open switch stand for a false proposition.



Directions:

1. Loock at TFigure 7.
2. PReview statement l; snd statement 7 under FART IV.
3. Using 1 and 2 complete the table in Figure B.

Tables
Switch Switch Does the
R S bulb light?
closed closed yes
closed open yes
open closed yes
cpen open nec
Figure 7
I Froposition | Proposition | Disjunction
34 B RV 3E
true true
true false
false true
false false

Figure 8



CHAPTER IV
SUMMARY

The appendices to this report were included specifically for teachers
interested in extending this report to a unit on logic for slower learning
adolescents taught using the laboratory method.

Appendices B, D, E, and G were developed to help the teacher under-
stand the needs of and organize lessons for the slower learning adolescent.
Appendix B lists some of the needs and characteristics which a teacher must
keep in mind when working with slower learning adolescents. {&ppendices D
and E outline some of the considerations and objectives needed in developing
lessons for the slower learning adclescent, while Appendix G examines
criteria which can be used for judging procedures included in these lessons.

Appendices A, C, F, G, H, and I were developed to help teachers
choose textbookxs and prepared materials, as weil as design their own
materials and experiments for the laboratory. Appendix A is a bibliography
of ideas for future laboratory experiments on logic. Appendices F and H
expose the teacher to the types of materials and experiments which can be
used in a laboratory situation, while Appendices C and G outline the
considerations which must be taken into account when looxing for or designing
materials for the slower learning adclescent. Appendix I summarizes the
criteria used in designing the sample experiment and was included to help

teachers design future experiments.
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NEEDS AND CHARACTERISTICS OF SLOWiR LEARNING ADCLESCENTS
1. Slower learners are usually slow in reading, arithmetic, and social
studies.

2. They have a short attention span.

3. Their families usually have few if any books or magazines, and their
parents are usually uninterested in school affairs.

L. These students need to experience success.

5. Their expreriences and oral expression are limited.

5. The slower learner's future is usually a world of jobs, and during his
school years may be alienated frem his parents, teachers, and often
fellow students.l

7. The adolescent years are the years of rapid, uneven growth znd there is
e need for both teachers and students alike to understand this growth

and to realize that it is both variable and individual in nature.

8. fdolescerts have z continual drive to seek personal independence from
both parents and teachers.

9. They seek peer acceptance and have a need to belong to some social group.

10. They are insecure, primarily due to the tremendous physiczl change
taking place at this age, and crave security and success.

11. They want recognition, approval, and status.

12. Their interests change rapidly; they crave new experiences while at
the same time longing for the security of the old.2

13. They mey have poor work hatits and in need of an adequate curriculum
because of poor preparaticn.

1. Ezch adolescent has individual problems, emotional, physical, family,
lenguage, cultural, brain damage, low I.Q., etc.3

Lyilliem D. Boutwell, "Classrcom Materials that MNotivate the Slower
Teen-age Learner,” National Catholic Educational Association, 62:370-76,
August, 1965.

2Max t. Sobel, Teaching Gencral Methematics (Englewood Cliffs, New Jersey:
Prentice-Hall, Inc., 1967), p. 3.

3Irving Allen Dodes, "Some Comments on Ceneral Fathematics," The
Mathematics Teacher, 60:2L6-51, March, 1567.




51
15. Slower learners are less self-critical, poorer readers, more impulsive,
and have a lower self-concept than "average" children.

15. They also need a singere motivation for mathematics and to know that
you care about them.

Every child must also experience the developmental tasks of adolescents.>
17. Achieving new and more mature relations with agemates of both sexes.
18, Achieving a masculine or feminine social role.
19. Achieving one's physique and the use of the body effectively.
20. Achieving emotional independence of parents and other sdults.
2l. Achieving assurance of economic independence.
22. Selecting and preparing for an occupation.
23. Preparing for marriage and family life.

2Li. Developing intellectual skills and concepis necessary for civil
competence.

25. Desiring and achieving socially respcnsible behavior.

26. tcquiring a set of values and an ethical system as a guide to behavior.

Ly B Department of Health, Education, and Welfare, Research
Problems in Mathematics Zducation, Ccoperative Research, Monograph Fo. 3
(7ashington: Govermment Frinting Office, 1960), p. 21

SPobert J. Havighurst, Developmental Tasks and Education (Few York:
David McXay Company, Inc., 1952),cp. 33-72.
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1l.

12.

PURPOSES CF GEMER,AL EDUCATICN LAND
PRINCIFIES OF LEAFNING

To contribute to the preperation for life needs, not only those which
the student realizes but also those he must be taught to rezlize.

To establish basic relevance between knowledge and everyday exceriences.

To provide a nonspecialized type of training characterized oy wide
application, universal value, and great intellectuzl appeal.

To lay the foundation of basic information essentizl to later intelligent
pursuit of individusl interests and special aptitudes.

The individual learns most effectively in situations of a problen
solving nature when he gains insight into the learning situation.

The individual learns most effectively when proceeding toward goals
which he recognizes and accepts as his goezls.

The individuel learns most effectively through his owm activity.

The individual uses his learnings most effectively when he sees relation-
ships between previous learnings and new learnings and previcus situztions
gnd new situations.

The individual learns most effectively when he has the freedom to
determine his own pace.

The individual learns most effectively when he wants to do something
to such an extent that he is willing to modify his behavior in order
to do it. '

The individual learns most effectively when he feels a reasonable
degree of security, success, znd worth.

The individual learns most effectively from z given learning activity
when he is ready for the learnings invclved.

The individuzl learns most effectively when he feels that his interests
and present needs are being sztisfied.

The individual retains asnd expzands his learnings most effectively through
repeated functional use rather than through isclated repetiticn.

ltharles H. Butler and F. Lyrwood Wren, The Teaching of Seccndery

Fathematics (New York: McGraw-Hill Book Company, 1965), p. LL.



15.

lél

173

18.

19.

20.

21.

The individual learns most effectively when his whole self is involved.
The individual learns most effectively when he establishes new relation-
ships among the learnings he has and between him and the factors in

his environment.

The teacher must be sensitive to provide for the needs and abilities
of each lsarner.

The teacher must define clearly his own purgoses and plan carefully the
procedures, activities, and methods of evaluation.

The teacher must help the lesrners establish worthwhile purposes.

The teacher must maintain an atmosphere in the classroom that is
conducive to learning and marxed by freedom and security.

The teacher must make the best use of his own and learners time,
naterials, and equipment.?

2Statement from notes received in Dr. Marjorie Scherwitzky's education

class zt State University College at Oneonta, Oneonta, New York, Fall, 1965.
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OBJECTIVES IN TEACHING MATHEMATICS TO
THE SLOWER LEARNING ADOLESCENT

1. The student should have an understanding of mathematical processes and
concepts. ’

2+ The student should associate mathematiczl concepts with applications in
community situations.

3. The student should be stimulated to demonstrate creativeness and
imaginaticn.

L. The student should understand the logical structure of mzthematics and
the nature of z proof.

5. The student should be stimulated to demonstrate such mental activities
as visuzlizatior of problems. '

€. The student shculd have the ability to use a2 general prooblem solving
technique.

.7« The student should use mathematics concepts to discover new generali-
zations or applications.t :

8. The student shculd know that you care.
9. The student should be taught through the use of ccncrete experierces.
10. The student should have variety in his work with games, zctivities, use
of audio visuel aids, and supervised group practice at the chalkboard
because of his short attention span.
11. The students should have opportunities to succeed.

12. The students should have warm-up exercises to get him settled down.

12. The students should have an cpportunity to learn through several senses
at a2 time.

l¥ax A. Sobel and Donovan 4. Johnson, "&nalysis of Illustrative Test
Items," Zvaluation in Mathematics, Twenty-Sixth Yearbook of Naticnal Council
of Teachers of Nathematics (dashington, D.C.: National Council of Teachers of
Mathematics, 1961), pp. 71-92.

2Regis F. Crowley, "Teaching the Slow Learner," Today's Education, 58:49,
January, 1969.

35aranh B. Creenholz, "Peaching Low Zchievers in High School Mathematics,"
Today's Zducation, 57:72, September, 1968.
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1. Every student should also be taught to:

a. thinx effectively

b. communicate thought

¢. discriminate among values

d. make relevant judgments

f. do his part as an active and responsible citizen

g. choose 2 vocation intelligently

h. gain skill in adding to his previous kncwledge

i. find self-expression in and create an appreciation for things of
beauty

j. make sound eriotional and socizl adjustments

k. chcose a2 vocation wisely

1. rezlize and sppreciate his cultural heritage

m. understand his physical environment

15. The teacher should try to avoid rersonality clzshes with the students.

16. The teacher should overcome frustration and resentment with understanding,
patience, and encouragement.

17. The teacher should try to project the slower learner into the future.
There are many needed and respected occupaticns which require diligence
and responsibility rather than great intelligence.

18. The teacher should zlways be prepared for the day's lesson and try to
make each lesson complete in itself, allowing time for superviged study
and have the homework assignments representative of the class.

Lenaries 4. Sutler and F. Lymwocd ‘Wren, The Teaching of Secondary
Mathematics (New York: McGraw-Hill Book, Co., 1965), p. Ll

5Crowley, loc. cit.

6Greenholz, loc. cit.
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T
8.

CCONSIDERATIONS IN DEVELOPING A
LESSON FOR THE SLOWER LEAPNERL
Assign problems which are real to the students.

Foint out that the methods of attacking problems in life are similsr to
those in mathematics.

Show how mathematics helps us to understand our envircnment.
Give applications to domestic and vocational life.

Have students conduct surveys of their own on the relationships tetween
mathematics and daily life.

Use field trips to explain concepts.
Use visual aids to help students understand the mathematical problems.

Consider the needs and characteristics of slower learners and the goals
of education.

Liaurice L. Hartung, "Motivation for Educztion in Mathematics," The

Learning of Xathematics: Its Theory and “rcctlce, Twenty-first Yearbook of

The National Council of Teachers of Mathematics \Washington, D.C.: The
National Council of Teachers of Mathematics, 1953), p. L8.
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TYPES OF E¥PERIMENTS AND ACTIVITIES

¥ake measurements of two variables in an everyday setting to determine

the relationship between them.
Collect data by performing 2n operation.

Find 2 pattern by drawing or constructions.

Discover a scienrntific principle by performing sn experiment with simple

equipment.

Explore a relaticnship by manipulating simple objects.

Collect original data from a survey to determine what variables are

related.

Zxtend the solution of a specific probvlem to a generalization.
Ferform indirect measurements to determine unknown distances.
Fepresent a mathematical idea by building a simple model.
Complete an individuzl project or report.

I1lustrate mathematical ideas by folding peper.

3uild exhibits, charts, bulletin board displays.

Use commercizl laboratory devices to perform experiments.

Use laboratory kits fer laboratory work.

Flan, make, and use mathematical games, puzzles, and stunts.
Operzte calculators and program computers.

Orcanize and operate a business enterprise.

Use an zudic-visual aid as the basis for laboratory work.l
Crdering of objects in a series.

Examining the parts and the whole independently.?2

1Doroven L. Johnson and Cerald 3. Rising, Cuidelires for Teaching

61

Mathematics, (Belmont, California: Wadsworth Fublishing Company, inc., 1967),

PP 302—35%.

2Lleslie W. Xindred, The Intermediate Schools (Englewood Cliffs, New

Jersey: Prentice-Hall, Inc., 1568), p. Lb3.
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21. Telating symbolic logic to basketball, checkers, and other games.
22. Teaching symbolic logic through the ccmputer.3

23. Examine the logic of the Life Career Gemes.lt

2. Lbxamine mathematical tricks, games, and puzzles.

25. Work with diagrams and set theory-s

A

3Julian Prince ; "Jule Loves Susie," imerican Education, L:2L-5, April,

1968,

Laarbera Veranhorst, Life Career Game (Palo #lto, California: Falo Alto
Univied School District, 195%).

S¥aurice Hartung, "Motivation for Education in Mathematies," The lezrning
of lMathematics: Its Theory and Practice, Twenty-First Yearbook of the Nationzl
Touncil of Teachers of Mathematics (washington, D.C.: The National Council
of Teachers of Mathematies, 1953), p. 53.
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CRITERIA FOT JUDCING FROCEDURES AND HATZRILALS

Ideas of Maurice L. Hartungl

and motivations:

to keep in mind while designirg procedures

l. Is the proposed procedure likely to be effective?
a. Does it drew upon motives actually present in the lezrner?

b. Is it designed to utilize a combination of several motives in
the learner?

c¢c. Is it azppropriate for the zze level of the learner?

d. Is it besed upon recognition of a goal of the learner, and
can the learner believe he can achieve the goal?

e. Does it motivate many students or just a few?
f. How long is the motivation likely to persist?
2. Is the motivation of desirsble type?

a. Does it lead the student to value the learning experience
itself rather than externsl rewards?

b, Will it widen znd deepen the interests of the lezrner?

c. bLoes it tend tc develop desirable attitudes toward the
content or skill and toward the teacher?

d. Are the goals which are set actuslly attainable?

e. Jces the motivation tend to stirengthen attitudes necessary
for democratic citizenship?

f. Is the rmotivation consistent with the promotion of good
social relaticns between students?

3. Is the procedure practical?

a. Is the reouired expenditure of time and money within the means
f the school?

Liaurice L. Harturg, "Hotivation for Zducation in Lathematics," The
Learning of Xathematics: Its Theoti and “raculce, Twenty-first _ea*boox of
the Lational Council of Teachers of kzthematics \"ashlnvton, J.0.: The

Nationzl Council of Teachers of i anhematlcs, 1953}, gp. 55-5.




b. How well can the procedure be controlled in practice?
c. Dces the teacher know how to admirister the procedure?

wWilliam D. Boutwell? suggests a list of things to watch for when
teachers are searching for materials.

1. Look for sentences of length 10-15 words with simple structure.
Avoid materials using hard words and contractions.

2. Loox for materials with a conversation style that involves the
reader as much as possible.

3. Look for materials that relate closely to the lives and personal
interests of the students.

L. Loock for child growth and development materials which are of
interest to your particular grade level.

5. Look for materizls which are humorous and look easy.

%7illiem D, Soutwell, "Classroom raterizls that Hotivate the Slower
Teenage Learner," National Catholic Educaticnzl #ssociaticn, 62:370-75,
fugust, 1965.
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9.
lo .

12.

13.

&7

LABORATORY MATERIALSL

in overhead projector complete with an acetate roll, transparency
sheets, pencils, and other accessories.

Wall screens of sppropriate size for use with the overhead projector
and other audio-visuzl machines.

A complete library, including a large variety of books at various

ability levels, magazines, experimental mathematics material, supple-
mentzal, colorful textbooks, recreational mathematics materials, pictures,
vosters, charts, prorrammed teaching materials, informatiocn on mathe-
matics films and filmstrips, monographs, enrichment booklets, accempanying
reading materiels, occupational informaticn relative to mathematics,

znd other reference materials.

Rigid medels of various kinds to help in understanding the geometric
designs and shapes, as well as becoming familiar with certain measuring
instruments.

Storage cabinets, filirg cabinets, exhibit cases, and bookcases to
adequately store, protect, and exhibit the equipment and materials.

£ tape recorder that may be used for individual or group instructicn.

% combination slide and filmstrip projector acccmparied with approgrizte
slides and filmstrips that mey be used to clarify situaticns that arise
in the course.

£ controlled reading machine cr tachistoscope with appropriste filme-
strips that may be used to improve mental reading and computaticn
abilities.

in electric calculator that may be used to perform lengthy menipulztions.

£ few simple hand adding machines that may be used, at first, to under-
stend the concept of addition, and later, to free the pupil from boring

~computations.

Work tavles that may be used during the experimentael portions of the
class pericd.

L veriety of adjustable figures and models that zre helpful in explaining
geometric theorems.

L variety of instruments, such as pantographs, compasses, rulers,
scissors, crayons, meter sticks, slide rules, drswing pencils, protractors,
and T-scueres that may be used in appropriate situations.

1Fldert Groenendyk, "The Mathematics Laboratory," Midlend Schools, 77:12,

January, 1963.
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17.

18.

1%.

20.

21.

22.

! plazinimeter to help create understending of formulas for sreas of
regular and irregular fipures.

A complete transit set that may be used in cutdoor projects where angle
measurement is necessary.

A stop watch that may be used in collecting data used in deriving
reneralizations and formulas.

L variety of menipulative devices and games to stimulate interest znd
help in clarifying basic concepts.

A megnetic chalkboard accompanied with magnetic devices, 2 pegboard,
abacus, a flanrel board may be used in explaining set theory, number
lines, and numeration systems.

An adequate supply of chalkboard instruments that mzy be used in chalk-
board work and demonstrations.

An opague projector for showing meterials that cannot be reproduced
easily con transparencies.

The reguler ecuirment and furniture recuired in classrooms, such as

the teacher's desk, pupil desks, filing catinets, typewriter, closet
pace, chalkboards, extension cords, convenient electrical cutlets,
roper light control for audio-visual equipment, arnd other minor items.

he I

N

vecizl enrichment items, such as simple teaching machines, record
pleyer, simple tocols, portable screen, and mathematiecs kits provide
many enrichment possibilities.

Headphone sets may also be used for individuel or group study.

The large electronic tezching machines with speciszl booths may be used
with prepared filmstrips for remedizl and enrichment purposes.

L few drawing boards and instruments may be availeble for work in
scale drawings.

Zulletin board and wall boesrd displays for clarifying concepts and
processes.

d

Paper ard accessories such as construction paper, graph paper, fill
cards, lined paper, and paste.
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FRINCIFLES USED IN DESIGNING EYPERIKERTS

1. H. Van hngenl znd Douglas Fldveon2 explain that the present curriculum
cf perscnal-scecisl tepics is not designed for the learning cepacity of
the slower lezrning student

2. ¥ax A. Sobel3 &nd others zgree that the present curriculun does nct
chellenge the students since the emphasis is usuelly placed on drill
rather than providing deeper understanding of the topics. Cne sugzes-
tion which was made was to teach the same basic concerts taught to
averzge and faster learners in =z more concrete situaticn.

2. Regis r. Cfowley,h Max A. Sobel,5 and others suggested that a mathematies
curriculum based on the characteristics and needs of z slower learning
student must:

&+ HMotivate the student.

b. Zefer to crior mathematical experiences.

c. Have ovportunities to explore the interests, aptitudes, and cepacity
of pupils.

d. Lead cerefully and slcwly from easier mathematical materisl to the
difficult.

¢. ZImphasize method rather than just finding the right answer.

f. 3DSe z mathematical program rather than just socially applied mathe-

watics teaching math ematlcal processes and concepts.

g. Presenu a variety of problems.

he Teach the studefl+ throuch the use of concrete exveriences with
scecific and clear instructions.

i. Take into account the rapidly changing interests and the craving for
new experiences of these students by having a variety of games,
activities, and audio-visual =zids.

j. Stimulate the student to demenstrate creativeness znd imagination.

x. Cive the student opportunities to succeed.

‘1

1z, Van & cen, "Arithmetic in the Junior-Senior High School,’ rrhe
Teaching of :rlthmetlc, National Society for the Study of dducatlo" n -iftieth
Yearbook, rart 1I {Chicsgo, Illinois: The Un¢ver51ty of Chicago Fress, 1951),

DD. 115-116.

2Dcuglas A. Tidgeen (ed.), fchievement in Mathematics (The Mere, England:
Nstionel Foundation for Educztional Research in tnglznd and Wales, 1967)
121}_’-

2

3¥ax A. Sobel, Tesching Ceneral Mathematics (Englewood Cliffs, New Jersey:
Prentice-Hzll, Inc., ¢,6?§ Pe 13

kecss

January, 1969.

—

Crowley, "Tezching the Slow Learnmer," Tcday's Educaetion, 58:L9,

SSCbel, op. ¢it., op. 3-5.
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L. Accordirg to Eiggs6 and Marjorie ScherwitzkyT sorme of the more recent ways
of eschieving greater understanding of mathematical concepts for the
slcwer learner are to:

a. Develop concepts introduced earlier.

b. Introduce cecncepts which are appropriate to the slcwer learning
students.

c. oStart teaching from where the student is and not where he is
expected to be.

d. fresent new idees related tc other subjects through the mzthematics
lzberatory znd community resources.

e. Have the student learn through his own activity.

f. Have the student see relationships between previcus lezrnings and
new learnings.

g. 4llow the student to lesrn at his own psce.

h. Expose a student to z given learning activity when he is ready for
the lezrning involved.

i. :llow the student tc involve his whole self in lesrning activities.

J+ £1llow the student to establish new relaticnships between him and the
factors in his environment.

5. Xax A, Scbel and Dcnovan Johnson® ard H. Ven Erger?sugvested that scme
~of the objectives of a mathematics program should be:

a. To help the student demonstrate creastiveness and imagination.

b. Tc heip the student to think logically.

c. To help the student to use mathematical concepts to discover new
gerereslizations or applicaticns.

d. Tc help the student establish a means of attacking rezl problem
situstions Dy Zinney's method of
1. urderstaznding the problem
2. eznalyzing znd orgenizing the problem
3. recognizing the process required
li. solving and verifying the answer.

6zdith 2. iggs, "Hethematics Leboratories end Teachers' Centres--the
Mathematics Revolution in Britain," The iArithmetic Teacher, 15:1:08, May, 1968.

TStztement from notes teken in Dr. Yarjorie Scherwitzky's education class
at Stzte Urniversity College 2zt Oneonte, Cnecnta, New York, -ell 1945,

8iax £. Sobel znd Dornoven 4. Johnson, "fnalysis of Illustrztive Test
Items," Evsluzstion in Mathematics, Twenty-Sixth Yearbcok of Naticnal Council
cf -EaCheTS of Mezthematics (4ashington, D. C.: Nationsl Council of Teachers
of Mzthematics, 1951), pp. 71-92.

PEngen, op. cit., pe. 10L-
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6. The studies by Patrick Suppes and Frederick Binfordl® and John Hodges11
indicate that logical reasoning patterns are important and useful and can
be lesrned by adolescents in an intermediate school regardliess of prior
mathematical achievement.

-]

. Dernard H. Gundlachl® znd others state that the fundamental crinciples teo
be taught in z unit on logical reasoning patterns should include the
ability:

a. To recognize invalidity and validity

b. To maxe logically correct inferences.

¢. To use and understand negations, conjunctions, disjunctions,
implications, and definitions.

d. To use inductive reasoning end deductive reasoning.

e. To analyze and zpply techniques and skills used in logieal thinking.

f. Tc think consistently, clearly, precisely, and creatively.

0za¢rick Suppes and Frederick Binford, Experimental Teaching of
Vathematical Logic in the Elementary School (5tanford: Stanford University
‘ress, 150L), 16-5, 24.

15 omn Reymond Hodges, "& Study of the Abilities of a Group of Zighth
Grade Students to Learn and Use Certain Mathematical Concegts," Dissertation
Abstracts, 2l::5L30, June, 196h.

123¢rnard H. Gundlach and others, Jumior High 3chcol ¥athematics 8,
River Forest, Illinois: Laidlaw Drothers Fublishers, 1968, pp. 23-50.
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The two major purposes for designing this study were to review the
available literature relating the needs and characteristics of the slower
learning adolescent to his 2bility and need to understand the material
presented in a unit on logical reasoning patterns taught using the
mathematics laboratery method and to develop a sample laberatory experiment
to enable teachers to make use of the laboratory method in the classroom.
The experiment is presented in the form of a guide sheet designed for seventh,
eighth, or ninth grade slower learning adolescents.

The procedures employed in this study consisted of (1) analyzing
textbooks, reference books, and magazine articles at Kansas State University
on the slower learning adolescent, mathematical logic, and the laboratory
method of teaching, (2) designing a format for the sample guide sheet to be
used by the students in the laboratory, and by the teacher for future
reference to develop more laboratory experiments, and (3) developing the
appendices to be used by teachers wishing to expand this study to a unit on
logical reasoning patterns.

The review of litersture covered the following topics:

1. Identifying the slower learning adolescent.

2. Needs and characteristics of a slower learning adolescent.

3. The teacher's role in teaching the slower learning adolescent.

L. Attitudes concerning the present mathematics curriculum.

5. OSpecizlists who advocate the teaching of logiczl reasoning
patterns.

6. Evidence supporting the ability of the slower learning adolescent
to learn and to use logical reasoning patterns.

7. Mathematical concepts to be covered in a unit on logical reasoning
patterns.



8. Advocates for the use of the laboratory method.

9. Crganizing a mathematics laboratory.



