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teaching a unit an guady
Smacifically., is there a notable improvement in studsntsg’
achievement or attitudes toward geametry? Based on the
thepries of cognitive shyvies, does a particular type of
learner respond best to the use of manipulatives?” These were
the guestions considered in the study.

Tn order to investigate these questions. the
experimenting student teacher canducted her research on her
twt geometry classes of tenth through twelfth graders. Due
to a difference in class size and student ability, twelve
students in the experimental group were pairved with twelve
students in the control agroup for the purposes of wvalidity
and consistency. The experimenter then administered twc
pretests, one achievement and one attitude/learning style, to
both groups. Since these instruments were designed by the
experimenter and the thesis advisor, they must be considered
an informal means of sssessing these qualities. With these
scores cocumented, the experimenter began teaching a unit on
quadrilaterals to hoth groups. The experimental group's
lessons were enriched with manipulatives intended to add
meaning by linking the cencrete to the abstract mathematical
concepts. The control group was taught in a traditional
manner, void of the use of manipulatives. The entire

fourteen—day unit was taught in this manner. At the end of



the unit, the chapter test, the achievement posttest, and
the attitude posttest were administered, and the scores on
2ach were documented.

Analyzing these scores, significant t values (at the 99%
confidence level) were obtairned by the experimental group in
the areas of achievement and attitude when the pretest and
pasttest scores on each were compared. Their results on the
t tests were clearly more impressive tham those of the
cantral group. Thus, the advantages of using manipulatives
to add meaning by bridging the gap between the concretes realm
and the abstract realm were supporied by this testing.
Specifically., t tests also revealed that visual learners
followed by kinesthetic learners in the experimental group
acceled the most of any group i1n achievement due to the use
of manipulatives. In summary, substantial improvements in
achievement and attitude were experienced by the sxperimental

group who learned through manipulative activities.



THESIS STATEMENT

Does the use of manipulatives really make a difference
in teaching a unit on guadrilaterals in a geometiry class?

Specifically, is there a notable i1mprovemeni in students’

acrhievement or attitudes toward geometry? Based an the

theories of cognitive styles, dees a particular type of

learner respond best to the use of manipulatives?



INTRODUCTION
As a means of introduction., manipulatives are defined to

Be “concrete models that incorporate mathematical concepts,
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appeal to several serses, and Tan be touchsd and mowve
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by =ztudents”™ (Hynes 11:. sed primarily in mathematblc
teaching, manibulatives can be used to teach a wide range of
topics including algebra, gecomeiry, and probabiiity and
statistics, not to mention fundamental elementary school
mathematical concepts. Schultz (54) has further categorized
manipulatives as active, passive, and nonmanipulative.
Active manipulativese are those that students can touch and
move. Passive manipulatives are those that the students
nhserve the teacher touching and moving. Monmanipulatives
such as plctures on worksheets and bullefin bpards cammot be
moved or manipuliated,. Thus defined, manipulatives can bea
implemerited by the classroom teacher to supplement a wide
variety of lessons and classroom activities.

The premise underlying the use of manipulatives in the
classroom is that students learn best by doing (Dessart 81).
Maripulatives are “devices that allow the students to do
geometry rather than to watch geometry" (Prevost 4l12). In =
study by Corwin (Suydam 82) manipulative aids were found to
heip "“the students visualize and understand the geometric
concepts." Too often students look for patterns to solving
proklems instead of truly understanding the sociutions,
Erlwanger states, "students ofien proceed by manipulating

meaningless symbols with ne attempi to ask what the symbol

i
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mean” {(Dawvis 1137:. In further support Carpenter and his
rolliseagues stated that "students appear to he learning many

h

mathematical skills at a reote manipulation level and

[N

o not

understand the concepts udnderlying the computation” (Dessart

i

48y, Thu=, hy having studernts actively involved wiih
manipulatives during the learming process, they ars more
likely to grasp thes fundamental concepits being studied.
Aiso, 1f actively involved, students are kept an task a
greater majority of the time. Time on task is vitally
important in two respects. First, "time on task has been
directly related to achievement" (Dessart &), Second, 1f
the =tudents are busily on task, fewer discipline problems
are likely to result. Thus, the use of manipulatives 1n the
classroom 1s supported by a variety of rationales.

HMurh resgarch has been done on the ages and ability

i}

leviels of students helped most by the use of manipulatives.
Buydam stated that "achievement is enhanced across a variety
of topics at every grade, achievement, and ability level"
{(Kennedy 7). fAccording to Thornton and Wilmot (38},
manipulatives can benefit the learning handicapped as well as
tive mathematically gifted if they are properly wsed,
Commenting on ability levels, Shoecraft stated that "students
who are low achlisvers in mathematics might have movre need for

H 'le
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concrete materials and would thersfore find a manipulat

[

approach to mathematics more conducive to learning than a

more abstract, symbceclic approach” (Threadgill 3&7). Further,

(3]



Shoecraft commented that “high-achieving students would

likelv be leszz affscted by instructional meihods and be abls
to process information from sither appreach” (Threadgill
3457, Thus, swven for high achievers the results of

using manipulatives in the classroom are not detrimental.
Another area explored in this research was the cognitive

styles nf the students. As defined 1n a project done by the
Easzt Langing (Michigan) school personnel,

“"a child's cagnitive style is the way he takes

meaning from the world around him, how he

cames to krnow what he knows. The technigus

used 1n determining a crild's cognitive style

is called "mapping.’ By the use of tests and

observations, and in interviews, the teacher

sepks answers to the guestion of how a chitltd

derives meaning his own unigue way. How does

the child note his surroundings, seek meaning,

and become informed? Iz he a listerner or a

reader? Does he make up his ocwn mind or seek

consensus with his peer groups?" (Gartner 13)
According to Kagan and Kogan, a child's cognitive styie
"develcops early in life and remains relatively fixed" (Ryan
1874), From Messick's (1974) theory that “cognitive style
has a direct relationship to the wav a person behaves,"
Hunt's (1977 theory that "the way teachers learn can
significantly influence the way in which they teach" 1is
supported. Teaching to just one type of learner can be very
detrimental as algebra teachers are warned te "guard against
an gveremphasis on verbal kinds of instruction” (Dessart 2Z1).
According to Gartner and Riessman, "some childrern learn more

readily by reading, others by hearing, and some learn faster

when they can be physically involved 1in the process, doing



things with their hands and bodies” (2). These authors are
referring to the clsssificat:on of students as visuasl,
auditory, and ftactile-kinesthetic learmers. When oreparing
lessen plans, tewachers shoulid remember to adapt their
teaching to the learning styles of the students (Dunn and
Dunnd . Due te the average classroom size in the publicg
school system, irndividusilzed instructicon has not been
feasible. However, hy practicing the maxim "Vary Thy
Teaching" (Dessart 9 teachers can betier meet the needs of
individual iearmers. In other words, teachers should
"provide a varied set of experiences for theilr students so
that if they cannot learn by one approach, they will learn
another"” (Dessart 22)'. Thus, since manipulatives are g
method by whigh teacher=s can vary the presemtation of foplc
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r use woiiid be supported by the above Spurces,
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necifically, in this researgh an atitempt will be made ifo
giscower which, 1 any, type of learner {(visual, auddiiory,
kinesthetic) i1s helped most by the impiementation of
manipulatives in the classroom.

The use of manipulatives in the mathematics ciassroom
has been supported by many professional educational
crganizations. In particular, the National Council of
Teachers of Mathematics (NCTM) has devoted several
publications to this topic. In 1946,

"NCTM's Eighteenth Yearbook was entitled Multi-
Sensory Alds 1In the Teaching of Mathematics.

In the Twenty-fifth Yearbock, the basic role of
sensory learning continued to be emphasized, 1n

by
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particular in Hardgrove and Sueltz's (1960)
chapter on "Instructiormal Materials.’ In

1743 the Cambridge Donference (19463, 33

made an even sironger case for the use of
maripulative materilals,. stating thast every
student should have ample opportunity to
manipulate physical cbjects. . .in 1973 the
NCTM published the Thirty-fourth Yearbook,
Inctructicnal Alds in Mathematics. Iin 1984,
An Agenda for Action (NCTM (980, 12 contlinued
this call for the use of manipulatives:
Teachers sheould use diverse instructional
strategies, materials, and resources, such

as. . .the use of manipulatives, where sulted,
tp lllustrate or develop a cancept or skill.”
{(Worth 2

Pusting all of this intc practice,

wrote that manipulatives allow teachers to
croate situaiions that draw mathematical
respanses from children. Such situations
result "in improvements 1n motivation,
nvolvemsnt, understanding, and achigvement--
wermhelming ressons to belisve that
manipulatives are gocd mathematics."

7}

"a midogle school teacher Herbert (1585, &1

[ Y

{Kennedy
Thus, from the findirgs of the NCTM and practicing teachers,
the benefits of using manipulatives in the teaching of
mathematics are well documentad.

In addition to the support from teachers, the use of
manipulatives has guite a foundation 1in learning theory. The
hazic link between the two 1 that manipulatives are intended
to give students a clearer meaning of mathematical concepts.

"The merntal-discipline and stimulus-response
theoriecs of the nineteenth and early twentieth
centuries gave way to meaning theory., espoused
by William Browrnell in the 1930's. Tnis theory
iz based on the belief thkat children must
understand the basic concepts that underlie
what they are learning if learning is to be
permanent. Brownell's discussion of learning

generated interest in having children use

n



manipulative materials to form the concepta
necessary 1n learning mathematics.”
{(Kennedy &)

tocording to Jean Piaget {(1%32) and Richard Skemp (19820,

"manipulative materials are significant
learning aids in all four stages L[eof cegnlitive
developmentl, Students' mental images and
abstract ideas are based on their experiences.
Hence, students who see and manlipulate a
variety of objecis have clearer mental images
and can represent ahstract ideas more
completely than those whoss experiences are
meager.' {Kennedy &)

Jerome Bruner's theory of learning and plilea to sducators i3
summarlzed below:
"any subject can be taught effectively in some
intellectuslly honest form to any child at any
stage of develeopment. . .LThere is a need to
rewritel the basic subjlects and thelr teaching
materials Iin such a way that the pervading i1deas
and attitudes relating to them are given a
central role.” (Bruner 23, 18)
Dienss {19480) also advocates the use of manipulatives since
they provide " 'multiple smhodiments’ rather than 3 singls
representation of a concept” (Hennedy &). Each manipulative
device "supplies a proper concrete representation of a

concept" (Kennedy &). In conclusion, Kennedy offers this

SYynopsis:

"Learning thegries suggest that children whose
ma?hema'#“ai learning is Firmly grmuﬂﬁmﬁ in
manipulative gxperiences will be more likely

to br ﬁqp the gap belwgen the world in which
they live and the abstract world of mathematics.
The manipulatives help children understand both
the meanings of mathematical ideas and the
applications of these ideas to real-world
situations.” (467



Regardiess of the existing suppert, manipulatives are nct
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being used exiensiv lassroom. "One survey [Fevy]

reported that nine cergont of selementary school classes (B4

never used manipulatives and that thirbty-seven percent used

1

them less fthan once a week” (Horth 3). This Tact suggests

that the drawbacks toc the use of manipulatives should be

reszarched. “"One reasorn may e the finarcial constrainis on
education todav" (Worth 2). Schoel budgets may not provide
funds for tgachers to purchase commercial manipulatives.

"Post (1980) specgulates that another reason has to do with
teachers’' concerns about management and centrol™ {(Worth 2).
inless carefully monitored, manipulatives may be transformed

into play toys for fhe studemts.  Post also mentiens that

L]

"when achilevement in mathematics is largely determined by
students' abllity to compute on standard:zed tests,
‘widespread use of manipulatives seems almost
counterproductive'" (Worth 2). When using manipulatives,
teachers must remember the importance of helping students
bridge the gap by "connmecting the world of manipulatives and
the world of [mathematicall symbols" (Bright 43). 0Of a
similar philosophy Trueblood states that
"prospective teachers resist using manlputla-
tives ir the classroom for fwo reasons: a
lack of confidence in their own ability to use
manipulative materials correctly and the general
belief that children will bhecomg too dependent
on these materials and, as a result, will not
master basic computational algovithms and

related concepts. Thizs general bellef seems
related to a lack of confidence in heilping



children make the tranmsition from the concrete
to the absiract.? {51)

Thusz, for a varieiy of Financia: and pedagogivral reasons
manipulatives have not been implemented externsively in the
When choosing manipulative materials for classrocom use,
teachers should consider the followlng pedagogical and
physical criteria. Dne pedagugical criterion is “the
adaptability of meterials in different contexts" (Moser %).
A certain manipulative device is much movre valuable 1f 1t 1s
versatile, useful in iteaching many different concepts. Also,
“"an added advantage of using a familiar set of materials
repeatedly 1s that valuable i1mstructioral time is not lost on
‘play,’ which is needed ary time some rnew and unfamiliar
materials are introduced” (Moser 93, Another pedagogical

mritericn is whether the manipulative provides a

Frmt

representation of mathematics ideas” {(Hyrnes 113, Im other
words, will the students cliearly grasp the underlving
concepts from using the manipulative device? Alsc. teachers
should ensure tnat the chosen manipulatives are "appropriate

for the students' developmental level {(Hvnes 11).

Manipulatives should not be ton complex for voungQer students
nar ftoo childish for older students. Finally, Fennema
suggests that teachers should choose "manipulative aids
[thatl] do arouse students' interest ard improve their

motivation to learmn mathematics" (Hynss 119, Tearhers

should also consider the physical criteria of manipulatives.



Before implementation, each manipulative device should be

checked for 1ts “"duvabllity, zimplicity, atiractiveness,

reasonableness of cosi, and manageability and 2ase of
storage” {(Hynes &), Thus, a variety of selection criteria

exists and shovld be considered by classroom teachers when
choo=ing which manipulative devices %o implement.

Dne type of manlpulative device which is not as tangible
as those previcusliy mentloned is computer assisted
instruction. In ore study, Knerr (Dessart 108B) found
significant improvements in instructional effectiveness and

learming competency when computer spftware was used to

+

inmstruct students, For this reascon, the syperimenter used a3

omputer assisted review activity with the sxperimental group

irt this resesrch. JThe Beometric Supposer: QGuadrilaterals

secfiware by Surburst Communicationes, Inc. allows ihe student
to choose any type of guadrilateral, and then "make any
geemetric construction that Euclid know how to make"
(Schwartz 58, Thus, the studente can construct parallel
fines, perpendiculars, and angle bisectors; label points of
intersection and midpoints; and measure angles and lengths of
line segments (Yerushalmy 418B). Therefare, based on the
adaptability of this software, the experimenter chose the

Gegmetric Supposer:  Ruadrilaterals toc motivate the

experimental students to apply the theorems they had learned

as a review of the unit on gquadrilaterals.



-

In too many classrooms mathematical activities are
intenged te keep students content and quiet (Dessart 172).
Instead, these activities should challenge and stimulate
discussion by the students. As described in the following
nrocedure section, the geometry students in the experimental
group were actively invaolved and on task 1n the learning
process.  The experimenter attempted to follow the guidelines
for "the sound use cf manipulatives in geametry and
geometric-measurement instruction” suggested by Clements and
Battista (&%), Arocording to them, Tirst of all "studernis
should be 1nvolved with four representatiocons of a new i1dea"
(29). The four representations arg as follows: Yuse
classroom manipulatives, examine the physical woerld, sxamine
and draw diagrams, and learn names, definitions, or
symbaolizations™ {Clements 29). This order represents a
progression from the concrete to the abstract, bridging the

gap beiween the world of manipulatives and the world of

symhals. A second guideline ig that "the use of
manipulatives should promote the development of spatial
visualization” (Clements 29). This spatial visualization is
vital te the students' comprehencsion of gecmetrical concepts.
Finally, Clements and Battista state that "activiities with
manipulatives should be oriented toward problem solving"
(29). In the experimenter's classroom students practicved
this by conjecturing conclusions, afier using manipulatives,

to theorems given their hypotheses. Thus, following thesse



guidelines the experimenter began the research supported by
this concluding statement:

"Learning theories and evidence from research
and classroom practice support the use of
manipulative materials tgo helg children iearn
and understand mathematics. Well-chosen and
properiy used manipulative materials enbance
children's learning, generate interest,
relieve boredom, and promote problem solving
ard computational skills."” (Hennedy 71

H



PROCEDURE

After visiting the school that the experimenter had been
assigned for studenrt teaching, plans were begun for the urnit
in which manipulatives would be utilized. The unit was on
quadrilaterals with a slight mention of locus points. The
students were tenth through twelfth graders. In the contrcl
group, the second period class. there were twentv-—four
students. This class was taught in a traditional manner
Wwithout the use of manipulat:ives. In the experimental grouo,
the third perind class. there were fourteen students. This
class was enriched with a wide variety of manipulative
materials. Obviously, the difference in class numbers
nresented a problem. In terms of the procedure, the size
difference had no effect, However, when analyzing the data
and drawing the conclusions, the experimenter did pair the
students between the two groups. The rationale and process
by which this was completed will be described later in the
discussion of data section of this thesis.

To begin the unit on quadriiaterals, two pretests were
administered to both of the geometry classes. First, an
achievement pretest {(Sample Test 1) was given before
instruction or the unit was begun., The first five i1tems were
to test recall of the previcus unit and readiness for the one
to be taught by the exzperimenter. [tems six through eleven
weres ghlective items to determine how much the students

already knew about parallelograms. GQuestions twelve through

te



fifteen asked the students to define and list all of the
properties they knew about & parallelcogram, a rhombus, &
trapezoid, and a rectangle. Duesiions sixteen and seventeen

were intended to measure the student’'s ability fo analvze a

ul

proplem. 1n sarch, stated wss the “given” for a preof, and
students were asked to write down all of the facts they knew
from the “given." In several of the above questions, the

studernts were asked to list all that they knew about a

reason the achievement

11

particular guestion. For fhi
pretests were graded on a point scale. For every correct
fact, the student received a point. Helping to familiarize

test provided

]
]
“
m
ut
i

the experimenter with the new students, thi

imformatinn about each student as well as a meEasure with
which to compare the posttest when the unit was completed.
Also given to both classes, the second pretest was an
attitude/learning style inventory. To measdre the students’
priginal attitudes toward geometry, a semantic differential
adapted from the work of OUsgood (Reisman 120) was used.
Whereas his semantic differential used ten bipolar pairs, the
exper imenter included seven bipolar pairs to simplify the
students' guestionnalre. The differential is scored on a
scale depending upon where each student places a check. The
scale ranges from -3 to +3 and includes all of the inclusive
integers. A sum total 1s obtained by adding the integer

equivalent of the student's check for each of the seven

bipolar pairs. Then, to find the student's attitude rating,

12



this sum total is divided by seven fto find the mean. See the
sample semantic differential (Sample Test 2) for an example
of the scoring. Alseo on thie pretest were straightforward
fuestions intended to determine the student's learning styie,
whether wisual, auditory, or kinesthetic (Peterscon Ba45).
Questions 1, 2, 4, 3, 7, and 9 were aimed strictly at
determining these sensory medallity differences in students®
learning styles. If in three ocut of these six guestlions a
student gave a visual lauditory or kinesthetic) response,
then the student was classiflied as a visual {(auditory or
kinesthetic) learner. Questions 3 and & were designed to
classify a student as an introvert or an extrovert. Since
many of the manlpulatives were studilied in groups, the
experimenter desired a prediction of how well each student
worked with cthers, In the initial testing, the experimenter
decided to asik eitra guesticns such as this to leave severs]
areas oben Tor possiblie analysis later in the research.
Finally, guestion B was to determine left and right brain
hemlsphere learners. Again, this question was an extra
direction that the experimenter could have explored later.
Actually, in some cases the answer fo this gquestion was used
as a tie breaker since a three in six score determined a
student's learning style in this research system. Since
right hemisphere learners tend to be visual learners
{Davidson), students who preferred a chapter overview in

guestion 8 were classified as visual learners in the event of



a tie. Thus, much of the classification done i1n this study
was oremised on the results of the attitude/learning styvle
and achisvement pretests.

At this point in the research the experimenter began
implementing manipulatives in the third period class. The
secand perlod class was taught the same material in a
traditional manner, void of manipulatives. Henceforth, only
the procedure with the third pericd class, the experimental
group, will be described. The cooperating teacher had
introduced the experimenter's unilit on quadrilaterals by
teaching the first sectlion. The experimenter began teaching
the second sectien of fhe unit with a lesson on the
properties of paraililelograms, In this lessgn sach student
hrad his pwn geobeoard, protracter/ruler, and rubber bands. OFf
course, the students needed a few maments of play as an
orientation to the geoboards after receiving instruction
about their use. The approach 1n this discovery lesson was
for the students to analyze the parallelograms they had
constructed (from definitions given on the previaus day) on
their geoboards (Photograph 1) and formulate the theaorems
in section twe without having seen them first. These
activities helped to builld students' analvsis and problem
solving skills. The students were not required toc formallvy
prove the theorems sinCe the cooperating teacher had never
stress=d this. After their discovery time and a few prompts

from the experimenter, the students were able to formulate

15



the following thearems:

1. "Oppesite sides of a parallelogram are
congruent." (Hirsch 223)

. "Opposite angles of a parallelogram are
coengruent." (Hirsch 224

3. "“The diagonals of a parallelgram bisect
gach other." (Hirsch 2247

&4, "The distance between twe paraliel lines

i a constant.®" {(Hirsch 2235
i "The diagonal and the zides of a

parallelegram form two congruent trisngles.,”

(Hirsch 2233
As an example of a passive manipulative (Schultz 34), the
experimenter again emphasized the final theorem above with a
paper parallelogram (Photographs 2 & 3). The experimenter drew
the diagonal of the parallelogram and then folded 1t on the
diagonal in order for the students to see the two congruent
triangles as they overlapped. fverall, the students'
participation was good. Especially, they were very
attentive, and no discipline problems were experienced,
Although they used rubber bands, the experimenter warned them
that they had a quota, and all of them had to be returned.
This discouraged any mischieveus activity. Most 1mportantly,
many students sSeemed shocked that they could discover
eometiry theorems on their owr., This really impressed and

motivated the students.

v

The second day 2n sectlon two was spent In a bullietin
Loard game activity {(please =see Bulletin Board). To begin

the activity students were palred, and eagh team was given a

Y
53



genboard, protracter/ruler, and rubber bands. As a review
each team was to read a property from the bulletin board and
construct 3 parallelogram, a rectangle, a rhombuys. and a
square, checking each to see if the property applied to it
{Photographs 4-77, Thizs way, all of the teams were actively
invelved. Then, experimenter called on one team {(per
properiyi to come to the bullestin beoard. Une tsammats
constructed the different guadrilatferals and demonstrated or
disproved the particular property for eseach. The other
teammate placed a check on the bulletin board where
appropriliate to match the gquadrilaterals and their properties.
The students weve actively inveolved in the learning process
and seemed %o gernuinely enlJoy this type of review.

In the lesson an sectign three the students used
geostrips and brads toc prove that certain types of
guadrillaterals are parallelograms. Each student was given
5ix geostrips, with at least two congruent pairs coded by
calar (Phaotagraph E). Agein, after some orientation and play
time, the students settled down to work. Without having seen
the theorems for this lesson, the students completed the
conclusions to the following theorems given their hypotheses:

1. "If two sides of a quadrilateral are
parallel and congruent, then the
quadrilateral is a paralielogram.”
{Hirsch 2293

2. "If beth pairs of oppesite sides of a
quadrilateral are congruent, then the

guadrilateral is & parallelogram.”
{Hirach 230)

17



3. "If the diagonals ot a guadrilateral

bisect each other, then the guadrila-

teral is a parallelogram.” (Hirsch 230
Given the hypotheses above, the students were able to
construct the conditions for each (Photographs 9-12) and
conglude that the guadrilateral was a parallelogram in each
case, Once finalized, the experimenter refervred to the
textbook {(Hirsch 229-30), showing the students that they had
formulated the thesorems for this lesson. Several commented
that this was more fun than the teacher just standing in
front of the class reciting facts.

Parallelograms and parallel lines were studied in section

four. For the manipulative portion of the lesson, each

student was given a geobgard, a preotractor/ruler, and five

rubber bands. By this time the students were familiar with

the properties of the gecboards. Singce the pegs are arranged
Along paraltlisl lines on a geobosard, the students could
visualire the hvpothesis of the folilowing theorem: "IF thies

or more parallel lines cut off congruent segments on ona
transversal, then they cut off congruent segments on every
transversal” (Hirsch 235). Alsp familiar with transvercals,
the students then placed ancother rubber band across the three
parallel rubber bands to represent the transversal in the
hypothesis and noted its division into three cangruent
segments. Prompted by the experimenter's guestion of what
happens tc a second transversal of the same three lines, the

students constructed a second rubber band transversal on their

"
i



geoboards iPhotograph 13). Using their intultion they

3

4 nbhoservations and suggested pgssible answers.
==

o

voluntesr

m

culations with proof, the siudents

41
i)

foked t

Q

hack up their sps
used thelr rulers to measure the segments of the second
transversal. After deing this, the students were able to
formulate the conclusionrn to the above theorem. A second
thecrem covered in the lesson pertained to triangles and
parallel lines: “1f a seqgment joins the midpoints of two
sides of a triengle, then it is parallel to the third side,
and 1ts length 1s one-half the length of the third side"

(Hirsch 234). Each student constructed a triangle on his

qecbhnard and then measured to find the midpooints of twe of

cormacting them with a rubber band (Photograph 1413,
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Analvzing thiz, the students first noticed that the segment
was parallel to the third side. After a prompt by the
experimenter, the studentz began testing their estimates of
the segment's length. Completing this process for several
triangles, the students eventually formulated the last part
of the theorem's conclusion. The students were more
challenged today to test their educated guesses betore
stating their conclusions. Nonetheless, they still seemed to
prefer this active learning techrnigue over the lecture
method.

In section five the diagonals of rectangles and rhombuses
were the focus of study. Each student was given three

geostrips, a brad, and a protractor/ruler (Photograph 13).
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For this activity, the experimenter stressed that the
geostrips now represented the diagornals of a quadrilateral,
not the sides as they hnad done previously. In Photographs
15 - 18 the cut out circles at the ends of each geosirin can
he observed. These circles represented the vertices of the
guadrilateral Tormed by the two diagonails. Either by sight
or by filling 1n these circlies an paper and connecting the
dots, the students had to state what type of quadrilaterail
was formed in each osse. The students investigated cases of
congruent diagornals, perpendicular diagonals, and varicus
pther arrangements. Frem this activity the students were
able to formulate the following theorems once the
experimenter had stated the hypotheses in each case:
1. "A paratltlelogram 15 & rectangle if and
oniy if its diagonals are congruent.”
(Hirsch 2403
2. "A parallelogram is a rhombus if and
only 1f itg diagonals are perpendicular.”
{(Hirsch 241)
3. "A parallelogram is a rhombus if and only
if each diagonal bhisects a pair of
opposite angles of the parallelogram.”
(Hirgch 241)
This activity was more successful than the experimenter had
anticipated because the students discovered several
commections. ror example, when working with perpendicular
diagonals, many of the students thought the parallelogram had
to be a sguare. However, by constructing another figure with

perpendicular diagonals, the students understood that

perpendicular diagenals produce a sgquare in a particular case



{(fogur right angles), but in general perpendicular diagonals
always produce a rhombus. From this the students were able
to transfer their nsaw knowledge to conclude that a sguare is
a particular case of a rhombus, an accurate conclusion. They
al=zg learned that theorems are always true 10 every case, not

stated Just to satisfy orne particular case because a

W

counteregzample could be found. Similarly, many student
thought the parallielogram 1 theorem one above nhad to be a
square, but leter understood that the general case of a
rectangle had te be concluded by the theorem. The studéntﬁ,
as well as the teacher, seemed very pleased by the mental
excursion this activity launched. To close this cday's
lesson, the bulletin board activity was used again to review
the new properties learned. Called upon at random,. each
student had to use thelr geecstrips to construct supporting
evidence for placing new checks on the bulletin boavd. In
their seats the other students alsc followed along,
campleting the same geostrip constructions and verifying the
accuracy of the checks placed on the bulletin hoard. Thus,
the students were able to help sach other learn as well as
distovering information on their cwn.

Since these properties of diagonals were so vital to the
students' classification of quadrilaterals, a second day was
devoted to this tapic. Alsa, at this point in the unit, the
students had been exposed to a great deal of information

necegsary for them fto distinguish among the different types
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of quadrilaterals. Thus, i1n effect today's activity was a
review of all of the material covered thus far in the unit.
First of all, the class was divided into four groups. Each
group was given a different quadrilateral constructed from
"orbit materials" (Photographs 19 - 22). The diagonals were
also constructed in each manipulative figure. Thus, there
was a parallelogram group, a rectangle group, a rhocmbus
group, and a square group. Without the aid of notes gr the
textbook (MHirsch), the students in each group were to compile
a complete list of the properties of their gquadrilateral.
Once formulated, each list was written on chalkboard and
checked for accuracy and completeness. From the lists on the
board, the students were able to revise and condense the
information through class discussion led by the
experimenter 's guestions. They summarized that:
1. A rectangle has all of the properties of
parallelogram, four right angles, and
congruent diagonals.
2. A rhombus has all of the properties of a
parallelogram, four congruent sides, and
diagonals that are perpendicular and

that bisect opposite angles,

3. A square has all aof the properties of a
parallelogram, a rectangle, and a rhombus.

From their ability to easily formulate this synopsis, the
experimenter concluded that the manipulatives helpesd this
tlass to see the similarities and transfer the information
more readily than the control group based on obhservation

alone.

n
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In sectien six of this unit, the topic changed froam
parallelograms o frapezcids. To supplemgnt the ingtruction
each student was given a geoboard, a8 protractor/ruler, and
rubber bands. After reviewling the definition and parts gf an
isosceles trapezoid, each student constructed one on his
gecboard and used rubber bands to represent the diagorals
(Photographs 23 & 24!. Measuring with the protractor/rulers
and focusing on the angles and the diagonals, the students

were able to formulate the following theorems:

1. "Each pair of base angles of an lsosceles
trapezoid is congruent.” (Hirsch 24&)

2. "The diagonals of an isosceles trapezoid
are congruent." (Hirsch 247

Similar to the friangle theorem from section four, the
students then constructed the median of a general trapezoid
on their geoboards (Photograph 29) and then made
observations. DOnce again, they had to prove their educated
guesses by measuring several examples. Through this familiar
process the students were able to state the following theorem
without having seen 1t first: "the median of a traperzoid is
paraltlel to the bases, and its length is one-half the sum of
the lengths ot the bases. Althaough thise activity required
;more knowledge of terminclogy and concentration, the students
st1l1ll seemed to enjoy being actively involved. As their
teacher, the experimenter observed that actually constructing
and studying isosceles traperoilids then general trapezoilds

helped the experimental students differentiate between the
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properties of each, avoiding some of the confusion
experienced by the control group.

In the final section of the unit, quadrilaterals were
abandoned for a study of locus points and locus theorems.
Thie topic was =0 camplex and difficult te understand that
instruction without the aid of manipulatives would be next to
impossible for the students to comprehend. First of all, a
locus was defined to be "the set of all points, and only
those points, that satisfy a given condition” (Hirsch 2350).
Basically, this section was intended to sharpen the students'
problem solving abilities. However, on the sophomore level
students are often discouraged by activities such as these.
After the students seemed to understand the concept of locus
points, the experimenter began to present the locus theorems.
For =ach theorem one or ftwo three-dimensional mpodels were

presented o illustrate the theorem for the student

!

A
o

the theorems meant nothing o

(Photographs &6 — 2%, Read:in

[Fx}

the students; they were much too wordy. However, seeing and
touching the models allowed the students to study the given
for each theorem and then follow through the model to
discover where the locus points had to be. In order to make
the same visual connection the students did, please refer to
Photographs 26 - 29 again as the following theorems are read:

1. "The locus of pecints in a plane equi-

distant from two given points is the

perpendicular bisector of the segment
Joining the twe points." (Hiresch 2%4)
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2. "The locus of peoirmts eguidlistant from
two given points 1s the perpendicular
bisecting plane of the segment Jjeoining

the given pointz.” {Hirschk 23559

3. *In a plane, the locus of points egqui-
distant from the sides of an angle is
the bisecting ray of the angle, exclu-
ding its endpoint."” (Hirsch 259}
In this case especially, manipulatives have a very 1important
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role imn making wor mathematical

To suppert this, the experimenter's cecoperating teacher and

1stanmt principal observed the lesson and

n

the school as
commented on how vital the manipulative models were to the
students' comprehensieon. Proven by this lesson,
manipulatives serve to simpilify and tangilbly represent

difficult mathematlical concepts 1f properly selected and

r a_i..?_,

us2d. The leszson oo leocus points concluded the presentation
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The rnext two dayvs were spent in review, s1iowed by the
chaptey test on the third day. The first day of the review

was planned as a computer activity. The software package

utilized was Sunburst Communication's Geomeiric Supposer:

Quadrilaterals (Phetograph 20!, This scftware allows the

user to draw guadrilaterals and diagonals, label vertices
and intersection points, and measure angles and seagments.
after reviewing the scftware, the experimenter created a

worksheet which covered the main points from the unit. A
copy of this worksheet has been included 1In the following

pages {(beometry korksheet). The worksheet was lengthy and

o
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intended teo occupy the students for the entire period.
Amazingly, some of the slower, falling students were the
first to complete the waorksheet. When finished, they
Wwillingly walked argungd helping others. Later, they
commented on how much the computer/worksheet activity helped
them review the material. When questlioned as to whether tney
feally enjoyed Jjust having an opportunity to use the
computers, they admitted that the computers were fun,
but they convincingly stated that they had reviewed and
iearned material that they would not have by studying on
their own or by dolng assigned problems. The second review
day was fillled with assigned preoblems and factual reviews,
identical to the lesson for the contreol group. 0On the
following day both classes toaok the same gchapter test(Sample
Test 3), and the unit on guadrilaterals was completed.
Approximately one week atter the graded chapter tests
were returned to the students, two posttests were
administered to both classes. One posttest (Sample Test 4) wa
an attitude inventory ldentical ta the attitude pretest. The
purpose of this was tog measure any improvements or declines
in students’ attitudes toward geometry during the course of
the unit on qQquadrilaeterals. The second posttest (Sample Test
5) wmas an achisvement posttest. Half of 1% was identical %o
twelve auestions fram the pretest. This was planned so as tg
determine the amcocunt of improvement bhetween the raw scores on

these sections of the two tects. The gsecornd half of the



achievement posttest was ta test the students® recall of
specifice from the unit. This section was planned for a
comparison of raw scores on recall between the two classes,
in an attempt to determine if manipulatives 1mprove

students ' retention of information. Finally, the studernts in
the experimental class were asked to fi1ll out the
questionnaire included in the follewing pages
{Puestionnaire!. The guestions were designed Lo meEasure how
the students felt about using maripulatives, which activities
they preferred, and what benefifts the students experienced
from their use. Further vresults from the posttests as well
Aas the other tests mentionad in this procedure section have
heen thoroughly documented and analyzed in the following

discussion of data section.
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DISCUSSION OF DATAH

In the thesis statement one of the goals was to determine
if the use of manipulatives produced any differences in the
students' achievement or attitudes toward geometry. Further,
analyzing the effects on visual., auditory, and kinesthetic
learners specifically in the areas of achievement and
attitude was ancther goal. In this section af the thes:is
data 1is presented, and the process by which 1t was analvyzed
1s described. To draw the conclusions, t tests for
correlated means (Linton 212-213) were performed to analyze
the significance of the data.

When compiling the data, it was necessary to pair
ztudents between the experimental group and the control group
for several reasons, First of all, there was a difference in
class size, In the statistical cempariscens, the number of
students neesded tc stay constant for the purposs of
continuity. Alsn, the ability levels differed between the
two groups. These conditions were beyvond the experimenter's
control., Pairing was an option fo compensate for this. The
tfact that pairing did occur must be a constraint on the
research because of possible errars, When pairing the
students, the decision was based on the students' achievement
and ability, as revealed by the students' previous chapter
test averages and pretest scores. Dut of the fourteen
students irn the experimental group, twelve of them were

matched with similar students 1n the contrel group. Data
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from these twelve pairs of students was gathered throughout

the research and used to draw the conclusions on schisvement

and attitudes.
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A

ACHIEVEMEMT

In the area of achievement, two means of comparison were
used. First of all, the differences between the students:®
pretest and posttest (recall) scores in both the contrel
group and the experimental group were identified. The second
comparison was between the students' quadrilateral chapter
tecst scores and the averages of their previous chapter test
scares. 8s a student teacher the esperimenter did rot
administer these previous chapter ftests; however, the
cocoperating teacher assisted in constructing the test and
validated that it was similar to the previous chapter itests.
Therefore, this comparison was a valid measure of
achievement.

Considering the pretest and posttest scores specifically,
the difference 1n t values bhetween the experimental group and
the control group was conclusive (Exhibits 1 & 2). Exhibit 1
presents the pretest and posttest scores for the twelve
students in the experimental group who were successfully
paired with twelve students in the control group. Also
presented 1n Exhibit 1 are the results of the t tests on this
data. For the research the Y34 confidence level was used to
find the critical value for t (Hoel 4#02). Similarly, the
zame information for the control group is presented in
Exhibit 2. CLComparing the gbtainmed value for t with the
critical wvalue for t in each exhibi1t, there is a significant

difference between the pretest and posttest scores in both



cases. This is to be expected because an entire unit of
material was taught in the elapsed time. However, the t
value of 4,180 for the experimental group is more significant
than the cenftrol group’'s t wvalue of 3.015. This difference
can be attributed to tne experimental group's use aof

manipulatives, These results are most impresslve considering

i

lat The siudenits irm the experimental group may have had $he
same ability as their partners 1n the control group, but they
were not high achievers. Whereas the control group was more
academic in nature, the studentis in the experimental group
were not likely to study for tests or guizzes. Examining
Exhibits 1 and @ more closely, the total raw score far the
experimental group on the pretest was 70 compared to the
total raw score of 120 for the cantrol group. Leoking toc the
posttest (recall) scores, the experimental group’'s tptal
score of 131 was a 1146% increase as compared to a 38%
increase 1n the contreol group'=s score. Considering the
natures of the experimental students and the t test results,
the use of manipulatives produced a definite increase in
achievemant.

As another measure of achievement, the guadrilateral
chapter test score was compared to the average of the
orevious chapter tests for both groups., The data and %t test
resulte for the experimental group are presented in Exhibit
3: the same data for the control group is presented in

Exhibit 4. Since neither t value 1g significant (above the
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critical value), the null hypothesis (Linton 2130 is
supported. For beth groups, no significant differences in
achievement were found between the students' guadrilateral

chapter test scores and their average scores of the pravious
chapter tegts. Although this proved to be an inconclusive
measure of achisvement, several comments can be made about
thigs comparison. First of all, the experimental group was
rnot one for studyling for tests. Any possible improvements 1n
performance would have been surpassed by the contrel group
due to their fine studying habits. Since neither t value was
significant, further support is added for the similarity of
this test to the previous tests. Also., the general meaning
nature of manipulatives may not transfer over to the
speecifics demanded by a chapter test. This may explain why
the experimental group performed so well on the general
recall posttest. Arnother final reason is that teachers must
make a trade-off when using manipulatives. The experimental
group mizsed a review day that the control group had due to
the computer room activity. Although the control group
students worked 1ndividually on the same assignment that the
experimental group had for homework during this one review
day, time still had to be swapped in order for the computer
activity toc take place. Thus, teachers must make sure that
the manipulative activities are just as worth-while as the
missed class time. In other words, missing the one in-—-clase

review day may have hurt the experimental group's perfermance
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on the chapter test. This trade-off which must take place 13
a choice which fteachers must ponder. In summary, in

spite of the inconclusive results fram the chapter test
camparison, the pretest and postfest {(recall) comparilsaon
provided strong suppert feor the improvement in students'
achisvemsnt brought about by the use of manipulatives in the
mathematics classroom.

While teaching the unit, the experimenter observed that
the low achieving students seemed to participate more 1n
class if manipulatives were used. This aobservation brought
ahout the question of whether manipulatives help to improve
the achievement of slower students in particulav. For this
reason the student pairs were again analyzed, and more t
tests were run on just the average to below average (L or
below) students. Thus, in Exhibits 9 and & data for only
nine pairs of average or below average students is presented.
In these exhibits student perfarmance gn the pretest and
posttest is compared. As expected, the t values for both the
experimental group and the control group are significant.
Further, the t value for the experimental group is sti1ll more
significant than the t value for the contrel group. Thus,
the slower students also showed improvement due to the use cof
manipulatives. Unfortunately, due to the limited number of
pairs in this study, an accurate compariscn of t velues
between the low and high achievers in just the experimental

group rould not be justifiably performed. Due to the
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experimenter's observations, this 1s an areas well} wortﬁy of
further study. However, if manipulatives keep slower
students on task and out of trouble, they also have numerous
cther benefits for the classrcom teacher.

Examining the same hypothesis as in Exhibits 3 and 4, ¢t
tests were performed on the differences between the
Aquadrilateral chapter test scores and the average scores of
the previgus chapter tests for the same nine pairs of
students. The data and t test results for these average ov
below average students are presented in Exhibits 7 and 8. In
Exhibit 7 the obtained value for t in the experimental group
1s not significant, and the null hypothesis is supported.
Dddly, the t value for the control group is significant in
Exhibit B. UOne possible reason for this is the nature of
the control group; they were more grade conscious. Perhaps
certain students noticed their deficiency and determined to
improve their performance, especially for a new teacher,
Otherwise, the comparisons in Exhibits 7 and 8 proved to be
incoenclusive. Thus, the benefits of using manipulatives with
slower and undevrachieving students remains a teopic for

further study (Thornton 38).



ATTITURES

fnother area of iInterest was whether dusing manipulatives
causes a positive improvement 1n students' attitudes toward
gegmetry., A student’s attitude tocward a subject has a great
influence on his performance., Accerding to Jacehs (1974),
"attitude is positively caorrelated with achisvement® {Dessart
23y, Further, an unfavorable attitude can produce anxiety
over math, evidenced by stress and tension (Dessart 24).
Therefore, to ensure student success teachers must attempt to
implant proper, positive attitudes toward mathematics 1n the
students.

In order to measure changes in the students' attitudes,
arn attitude test was administered before the unif%t was begun
and again after the unit was completed. In Exhibits 9 ard
10, the students' scores on the pretest and the posttest for
both groups are presented. The t test resulis for both
groups are also given in Exhibits 9 and 10. The obtained
value fer t for the control group {(Exhibit 10) 1z not
significant. In fact, there was no difference between the
total raw scores on the pretest and the posttest. This is
important to disprove any attitude improvements due to the
new teacher situation. However, Exhibit 9 does show a
significant t value for the experimental group. Thus, the
use of manipulatives did produce a pasitive improvement in
the students' attitudes toward geametry. In fact, the total

raw score more than doubled in the positive direction between
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the pretest and the posttest. Further, the number of
experimental students with overall negative attitudes toward
geometry decreased from five to two. The two negative scores
were only slightly negative, ~-0.29 and -0.14. Thus. the
improvement 1n attitudes of the students who used
manlipulatives is very well supporited. The students seemed
interested and occupied when using the manipulatives, and

this was well documented by the test results.

36



LEARNING STYLES

A4s a link between attitudes and learning styles, the
comments by experimental students on a questiognnaire given
after the unit was completed have been complled. Their
responses were sorted by learning style (visual, aucitory,
and kinesthetic?}. Some seiected responses have beern chosen
for itnclusion in this thesis. Surprisingly, even though
manioulatives are not envisioned to help auditory learners,
one auditory learner commented, "The manipulatives made the
theorems easier to understand.” One above average,
kinesthetic learner commented that manipulatives helped,
"Esperially the locus models, if T didn't have them I
wouldn't have known it." One below average, kinesthetlc
learner commented, "In the textbooks it Jjust shows you one
side, but the manipulatives give you a three~dimensianal
figure." A below average, visual learner said, "Everybody
enjoys having time out fram always writing and ¥rying to
learn from what the teacher 1s doing." Another below
average, visual learner admitted, "Manipulatives made me pay
attention, more than Jjust looking at the book." Finally,
another below average, visual learner declared, "I think my
grade in this class went up because of the manipulatives.
They made me understand it completely." From these comments,
manipulatives clearly improve the achievement and the

attitudes of all types of learners in geometry.
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In the next stage of research, the twelve students in
each group were sorted by learning style (visual, auditory,
or kinesthetic?). In Exhibit 11, the posttest scores for the
five visual, one auditory, and =ix kinesthetic learners in
both the control and experimental groups are presented. The
average scors in each category has alsgo been calculated.
Evaluating these scores, the visual experimental group scored
the highest, followed by the kinesthetic control group.
Although the visual experimental learners' result was in
acrcordance with expectatiorns, the kinesthetic control
learners made a surprising showing. For this reason, t tests
were performed on this data to analyze the results more
closely. In Exhihit 12 the data for the visual experimental
group 1s presented. The pretest and posttest scores are
compared to determine the degree of improvement. For this
group a very significant i value of 4.079 nas calculated as
to be expected. Exhibit 13 presents the same dats Tor the
visual control group. Here, the t value is net significant
in accordance with the hypothesis of this research. The t
tests were not performed for the auditory learners since anly
one student was in this category in both the contrel group
and the experimental group. However, 1in Exhiblt 14 very
interesting results are found for the kinesthetic
experimental group. The obtained value for t 1s very
significant. In contrast, the kinesthetic control group

results in Exhibit 15 reveal a t value which 1s not



significant. This is surprising considering their first
place showing 1n Exbibit 1. One reason for this 1s that

these students are high achievers and scored well on their

in

pretests. Thus. there was not much room for improvement.
Returning to Exhibit 14, the kinesthetic experimental group
is not a strong graup of learnere, as evidenced by their
pretest scores. In fact, the total post score 1n Exhibit 14
is less than the total pre scgre of the control group in
Exhibit 15. Thus, the compariszon made in Exhibit 11 is toc
general to be accurate and informative. However, the
significant t value for this group lends support for the use
agf manipulatives with kinesthetic learners. The
manipulatives werse designed for this type of learnsr and
obviously proved to be effective. To summarize the results
of the t tests, no significant i1mprovements resultied in
either of the control groups (Exhibits 13 & 13). The
manipulatives produced a significant improvement in the
scores of the kinesthetlc experimental learners (Exhibit 143,
The most impressive results occurred with the visual
experimental group (Exhibit 12). This group had the lowest
toctal pre score (26) of any group analyzed, well below the
kinesthetic experimental group's score of 45. The low
ability, visual experimental group showed a phenomenal
improvement. Their post score of 82 was only two peints

below that of the high ability, kinesthetlc control group.
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Obviously, this group responded most gramaticatlly to the use
manipulatives in terms of pretest and posttest scores.

In Exhibit 14 the chapter test scores of both the control
group and the experimental group have been categerized by the
students® learning styles. The mean score in each category
was also calculated. Once again, the strong, kinesthetic
control learners scored highest on the chapter test. Due to
their ability and tendency to study, this result was not
surprising. MNot much variation in scores was svident among
the othker classifications. For this reascn, t tests were
completed to check for progress between the quadrilateral
chapter test and the average of the previous chapter tests.
Exhibits 17 through 20 present the data and t test results
for the visual and kinesthetic learners in both the control
group and the experimental group. UOnce again, t fests could
not be performed to find the i1mprovement cof the auditory
learners since only one student was classified in this
manner . Although the greatly improved, visual experimental
learners had the greatest obtained value for t, none of the t
tests in Exhibits 17 through 20 were conclusive since the
abtained t values were less than the critical values for t.
Thus, no improvements in achievement due to the use of
manipulatives were evident from the analysis of the chapter
test scores.

Arnother method of compariscen chosen was examining the

number of correct responses to open ended guestiaons on the

Ny



pesttest. The motivation for this comparison was to discover
if the experimental students would recall more facts from
having worked with the manipulatives. In Exhibit 21 posttest
question four is stated, and the students' scores are
presented. Feor every correct fact answered, the students
recelived one point. In Exhibit 21 their raw scores are
rlassified according to the learning styles of the students,
and the average score for each category has been calculated.
Once again, the slower, visual experimental students made a
surprising showing, having the highest mean score of all of
the cateqories. This group was clesely followed by the
academic, kinesthetic control group. The mean scores of the
auditory and kinesthetic experimental learners were third and
fourth respectively. Thus, aliowing for the excepticnal
study habits of the kinesthetic cantrol group. the
experimental students achieved the highest =cores an
recalling facts about diagonals. Heopefully, this i1s due to
the extensive use of gecstrips to teach the section of
diagonals to the experimental group. If so0, manipulatives
alsp help to improve the recall of the students who use

them in the learning process. The raw scores from guestion
2ix on the same posttest are presented in Exhibit 22.
Analyzing the mean scores in each category, very little
difference in scores was found among the different categories
of learners. Perhaps the nature of this guestion was too

general or open for the students to give detailed responses.

41



Whatever the reason, the analvsies of guestion six was
inconrc lusive, In additicn to Exhibit 21, further tests of
this type would be necessary to vield supporting evidence for

1

the cisim that mamipulatives ingrease students' rvetention of

information.

The data presented in Exhibits 1 through 22 was compiled
from attitude and achievement pretests and posttests
administered by the experimenter during her student teaching
experience. The scores on these instruments have been
analyzed to determine t1f the use of manipulatives effected an
improvement in studentse' achievement or attitudes toward
geometry. Another dimension of the research was to determine
the cogritive styles which bernefited most from the use of
manipulatives. Having described the results of the t tests
o this data, the experimenter must now present the

limitations of this research and draw the final conclusions.
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LIMITAYTIONS

For a variety of reasons, several limitations exist to
the validity and completeness of this research. As one
cansiraint, changes in attitude or achilevement may have
accurred solely as a result of having a new (student) teacher
with a different teaching style. Another constraint on the
resgarch was the gifference in class size between the
experimental group and the control group. For concsistency,
the experimenter paired the students between the two groups
hased on abillity., as determined by their pretest =cores and
average scores on sthe previous chapter tests. Ubviously,
when determining the pairing of the twelve sets of students,
judagment errors could have easily been made. In order to
identify the students' learning styles, an instrument was
designed by the experimenter and the thesis advisor. The
guestions on the instrument were stralightforward, designed to
indicate students’' learming styles without ambigulty.
However, this instrument had not been fested for validity
hefore i1ts use in thls research. Therefore, this factor is
ancther possible scurce ¢f error. Finally, since the
manipulatives were only implemented in one group aof twelve
students, the results cammot be generalized; they must remain
applicabie only tc the experimenter‘é third pericd,

experimental geaometry class.
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IMPLICATIONS FOR FUTURE RESEARCH

In many studies of the benefits of using manipulatives,
researchers have focused on standardized tests as measures of
achievement. In this research analiyzing the results af the
gquadrilateral chapter test provided inconclusive results.
However, when the improvement from the pretest to the
posttest was studied, that of the experimental group was much
more significant than that of the control group. For this

reascn, future research should be geared at snalvzing

henefits from many different angles 1n varicus areas. For
example, ohbserving the students, the experimenter noticed the
benefits of students helping teach other students how to use
the manipulatives. Through their explarations to other
students, these shtudents gained confidence and more expsrtlse
with the topics at hand. Benefits of students teaching other
students have been documented by Garimer (142, and future
research should address this as an added benefit of
manipulative activities. As classroom teachers consider the
use of manipulatives in their lessons, Gartner {(24) reminds
them to assess the learning styles of their studente and
adapt their instruction accerdingly. Further research should
be dorne to determine the type of learner most benefited by
manipulatives. The results of this study revealed that the
visual learners benefited the most. However, the nature of

manipulatives lends itself to helping kinesthetic learners;

perhaps future research would confirm this most strongly.
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The experimenter's observations supported the use of
manipulatives with law achieving students egspecially.
However, the limited number of palrs in the experimental
groun prevented an accurate comparison of the improvements of
low achievers with the improvements of high achievers. This
would be a direction well werth further investigaticn.
Finaliy, the use of two posttest gquestions to determlne
conclusive evidernce of increacsed retention due to
manipulatives should be suppeorted by further measures. Some
research to this effect has been done by Suydam (10).

Since mathematicrs is a building discipline, retention

is vital; more reseach in this area is justified. Thus, due
to the limitations, as well as the results, cof this research
many directions for future research on manipulatives have

been suggested.
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CONCLUSION

After planning lessons te include manipulatives, teaching
the unit, administering tests, paliring students, and
analyzing the results of t tests, the experimenter has drawn
several conclusions fraom the research in answer to the
questions posed by the thesis statement. From the analysis
of the data, the experimental group experienced significant
improvements gver the control group in achisvement based an
their scores on the pretest and the postiest. Az measured by
the semantic differential, the attitudes of the experimental
group toward gecmetry were much more positive than the
control group's due to their expcsure to manipulatives.
Firally, visual learners seemed to benefit most from the use
nf manipulatives. Kinesthetic learners also showed
significant improvements due to the manipulatives. Thus, as
supported by this research, the use of manipulatives in the
geometry classroom does indeed make a difference in a variety

of different areas.
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