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ABSTRACT 

Does the use o~ manipulati~es really make a difference 1n 

teaching a unit on quadrilaterals in a geometry class? 

Soecificallv. is there a notable improvement in students· 

achievement oi- attitudes toward geometry? Based on the 

theories of coqnit1ve styles, does a particular type of 

learner respond best to the use of manipulatives? 

the questions considered in the study. 

These were 

In order to investigate these questions, the 

experimenting student teacher conducted her research on her 

twc geometry classes of tenth through twelfth graders. Due 

to a difference in class size and student ability, twelve 

students 1n the experimental group were paired with twelve 

studer,ts 1n t~ie control group for the purposes of validity 

and consistency. The experimenter then administere(j two 

pretests, one achievement and one attitude/learnir,g style, 

both q,oups. Since these instruments were designed by the 

to 

experimenter and the thesis advisor, they mLlst be considered 

an informal means at assessing tt1ese qualities. With these 

scor·es documented, the experimenter began teaching a unit on 

quadrilaterals t,, both groups. The experimental group's 

lessons were enriched with manipulatives intended to add 

meaning by linking the concrete to the abstract mathemat1cal 

concepts. fhe cont1-ol group was taught in a traditional 

manne,-, void of the use of manipuldtives. The entire 

fourteen-day unit was taught in this manner. At the end of 
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the unit, the chapter test. tt,e achievement posttest, and 

the attitude posttest were administered, and the scores on 

each were documented. 

Analyzing these scores, significant t values (at the 95% 

confidence level) were obtained by the experimental group in 

the areas of achievement and attitude when the pretest and 

posttest scores on each were compared. Their results on the 

t tests were clearly more impressive than those of the 

control group. Thus, the advantages of using manipulatives 

to add meaning by bridging the gap between the concrete 1ealm 

and the abstract realm were supported by this testing. 

Specifically, t tests also revealed that visual learners 

t·ollowed by kinesthetic learners in the experimental group 

acceled the most of any group 1n achievement due to the use 

of ma11ipulatives. In summary. substantial improvements 1n 

achievement and attitude were experienced by the experimental 

group who learned through manipulative activities. 
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THESIS STATEMENT 

Does the use of manipulatives really make a difference 

1n teaching a unit on quadrilaterals in a geometry class? 

Specifically, is the1-e a notable imp1-ovement in students' 

achievement or attitudes toward geometry• Based on the 

theor-ies of cognitive styles, does a par·ticular type of 

learner respo11d best to the use of manipulatives? 
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INTRODUCTION 

As a means of introduction. manipulatives are defined to 

be "concrete models that incor-porate mathematical conceptsf 

appeal to several se~ses~ and can be touched and moved around 

b,,..- s tu.dents '1 
( 1--1'</nes l i) ~ Used ~rimarily in mathematics 

teaching, manipulatives can be used to teach a wide 1·ange of 

topics including algebra~ geometry~ and probability and 

statistics, not to rr1ention fundamental elementary school 

mathematical concepts. Schultz 1541 has further categorized 

manipulatives as active, passive, and nonmanipulative. 

Active manipulatives are those that students can touch and 

move. Passive manioulatives are those that the students 

observe the teache,- touchir1g and moving. f'Jonman i pu lat i ves 

such as pictures on worksheets and bulletin boards cannot be 

moved or· manipulated. Thus defined~ mani~ulatives can be 

implemented 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 811. 

Manipulatives are "devices tilat allow the students to do 

geometr-y rather thzrn to watch geomet,-y" (Prevost 412). In a 

study by Corwin (Suydam 82) manipulative aids w~re found to 

help "the students visualize and understand the geometric 

concepts. 11 Too uften students look for patterns to solving 

problems instead of truly ur1derstandinq the solutions. 

Erlwanger states, "students often proceed by manipulating 

meaningless symbols with no attempt to as~ what the symbols 

1 
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mean 11 (Davis 115?). In further support Carpenter and his 

colleagues stated that ''students appear to be learnirn;:i many 

mathematical skills at a rote manipulation level and do not 

u~derstand the concepts underlyi1,g the computation'' (Dessart 

·rhus~ by having students actively involved with 

rnanipulatives during the learning process. they are more 

likely to grasp the fundamental concepts being studied. 

Also, if actively involved. students are kept on task a 

greater majority of the time. Time on task is vitally 

importar1t in two r-espects. 

directly related to achievement" <Dessart 4). Second. if 

the students are busily on task, fewer discipline problems 

are likely to result. Thus. the use of manipulatives 1n the 

classroom is supported by a variety of rationales. 

Much research has been done on the ages and ability 

levels of students helped most by the use of manipulatives. 

Suydam stated tha.t "achieve1T1ent i·~ enhanced acr-oss a. va,-iety 

of topics at every grade, achievement, and ability level" 

(Kennedv 7). According to Thornton and Wilmot <38), 

m<lnipulatives can benefit the learning handicapped as well as 

tt1e mathematically gifted if they are properly used. 

Commenting on ability levels, Shoecraft stated tl1at "students 

~ho are low act1ievers in mathematics might have more need for 

concrete materials and would therefore find a manipulative 

approach to mathematics more conducive to learning than a 

more abstract, symbolic approach" (Th,-eadgil! 367). Further , 

2 
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Shoecra.ft commente;J that ''high--ach1eving students ~ ... ,ould 

likely be less affected by instructional methods and be able 

to process information from 

Thu.s,. e\·'en for high achievers the results of 

using manipulatives in the classroom are not detrimental. 

Another area explored in this research was the cognitive 

styles of the students. As defined in a project done by the 

East Lansing (Michigan) school personnel, 

"a child's cognitive style is the ,~ay he takes 
meaning from the world around him, how he 
comes to know what he knows. The technique 
used in determining a child's cognitive style 
is called 'mapping.' By the use of tests and 
observations, ar1d in interviews~ tt1e teacher 
seeks answers to the question of how a child 
derives meaning his own unique way. How does 
the child note his surroundings, seek meaning, 
and become informed? ls he a listener or a 
reader? Does he make up his own mind or seek 
consensus v,1ith his peer groups?" (Gartner 13) 

According to Kagan and Kogan, a child's cognitive style 

"develops early in life and r,emains relatively fixed 11 (Ryan 

1874). From Mess1ck's (1976) theory that "cognitive style 

has a direct relationship to the t"1ay a person behaves~" 

Hunt's ( 1977) theory that "the way teachers learn can 

significantly influence the way in which they teach" is 

supported. Teaching to just one type of learner can be very 

detrimental as algebra teachers are warned to "guard against 

an overemphasi~-5 on verbal kinds of insti-uction" (Dessar-t 21). 

According to Gartnc>r and Riessman. "some children learn mor·e 

readily by reading. others by hearing, a11d some learn faster 

when they can be physically involved in the process, doing 

3 
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things with their hands and bodies" (9). 1··hese autho1-s are 

referring to the clsssificatron of students as visual, 

auditory, and tactile-kinesthetic learners. L.Jhen preparing 

lessoP plans, teachers should remember to adapt their 

teaching to the learning styles of the students (Dunn and 

Dunn). Due to the average classroom size in the public 

school systeml individualized instruction has not been 

feasible. However, by practicing the maxim "Var-y Thv 

Teaching!< (Dessart 9) teachers can better meet the needs of 

individual learners. In other words, teachers should 

"provide a varied set of experiences for their students so 

that if they cannot learn by one approach, they will learn by 

another" (Dessart 22). Thus, since manipulatives are a 

method by which teachers can vary the presentation of topics~ 

their use wol1ld be supported by the above sources. 

Specificallvi in this research an attempt will be made to 

discover ~-vhich, if a.n)'', t'lPE' of· learnE·r (-,./isua.i, au.ditorv. o• 

kinesthetic) is helped most by the implementation of 

manipulatives in the classroom. 

The use of man1pulatives in the mathematics classrooni 

has been supported by many professional educational 

organizations. In particular, the National Council of 

Teachers of Mathematics (NCTM) has devoted several 

publications to this topic. In 1946, 

11 NCfM 1 s Eighteenth "v'earbook was entitled Multi-
Sensory Aids in the Teaching of Mathematics. 
In the Twenty-fifth Yearbook, the basic role of 
sensory learning continued to be emphasized, in 
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particular in Hardgrove and Sueltz's 11960) 
chapter on· Instructional Materials. 
1963 the Cambridge Confe,-ence (1963~ 

In 
35) 

made an even stronger case for the use of 
manipulative materials 1 stating that every 
student should have ample opportunity to 
manipulate physical objects. .in 1973 the 
NCTM published the lhirtv-·fourth Yearbook, 
Instructional Aids in Mathematics. In !980, 
An Agenda for Action INCTM 1980, 12) continued 
this call for the use of manipulatives: 
Teachers should use diverse instructional 
strategies, materials, and resources. such 
as. .the use of manipulatives, where suited~ 
to illusti-ate or develop a concept or skill.;, 
!Worth 2) 

Putting all of this into practice, 

a middle school teacher ~4erbert <1985~ 4) 

wrote that manipulatives allow teachers to 
create situations that draw mathematical 
responses from children. Such situations 
result ·1n improvements in motivation, 
involvement, understanding, and achievement-
overwhelming reasons to believe that 
manipulatives are good mathematics." 
(!<ennedy 7) 

Thus. from the findings of the NCTM and practicing teachers, 

the benefits of using manipulatives in the teaching of 

mathematics are well documented. 

ln addition to the support from teachers. the use of 

manipulatives has quite a foundation in learning theory. The 

basic link between the two is that manipulatives are intended 

to give students a clearer meaning of mathematical concepts. 

''The n1eptal-discipline and stimulus-response 
theor·ies of the nineteenth and early twentieth 
centuries gave way to meaning theory, espoused 
by William Brownell in the 1930 1 s. This theory 
is based on the belief that 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 

5 
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manipulative materials to form the concepts 
necessary in learning rnathernatics." 
\Kennedy 6) 

According to Jean Piaget (19521 and Richard Skemp (1982). 

"manipulative materid.ls a:e significar.t 
learning aids in all four stages [of cognitive 
development]. Students' mental images and 
abstract ideas are based on their expe~iences. 
Hence, students who see and manipulate a 
variety of objects have clearer mental images 
and can represent abstract ideas more 
completely than those whose experiences are 
meager. 11 

( k.ennedy 6) 

Jer·ome Bruner's theory of lear 11ing and plea to educators is 

summarized below: 

"any subject can be taught E.-?ffectively in some 
intellectwally honest form to any child at any 
stage of developrner,t. .[There is a need to 
rewrite] the basic subjects and their teaching 
materials jn such a way that the pervading ideas 
and attitudes relating to them are given a 
cent,-al role." (Bruner 33, 18) 

Dienes (1960) also advocates the use of manipulatives since 

thev pro~·ide ·multiple embodiments' rather than a single 

representation of a concept" (~<ennedv 6). Each manipulative 

device "supplies a proper concrete representation of a 

concept 11 (Kennedy 6). In conclusion, Kennedy offers this 

synopsis: 

"Learning theories suqgest that children v-Jhose 
mathematical learning is firmly grou~ded 1n 

manipulative e~periences will be more likely 
tc bridge the gap between the world in wt1ich 
they live and the abstract world of mathematics. 
The rnan1pulatives help children understand both 
the meanings of mathematical ideas and the 
applications of these ideas to real-world 
situations.'' (6) 

6 
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Regardless of the existing support, manipulatives are not 

being used extensively in the classroom. "iOne survey [Fey] 

reported that nine oercent of elementary school classes (K·-6) 

never used manipulatives and that thirty-seven percent used 

them less than once a T~1is fact suggests 

that the drawbacks to the use of manipulatives should be 

researched~ "OnE, i-eason mav· be the financial constraints on 

education toda\-' 1
' U-,Jcrth 2). School budgets may not provide 

funds for teachers to ourchase commercial manipulatives. 

"Post ( 1980) speculates that another reason has to do with 

teachers' concerns about management and contr·o l 1
1 (Warth 2). 

Unless carefully monitored, manipulatives may be transformed 

into play toys for the students. Post also mentions that 

11 when achievement in mathematics is largely determined by 

students' ability to compute on standard,zed tests, 

'wjdespread use of manipulatives seems almost 

counte,-produc ti ve'" ( l~or th 2). When using manipwlatives, 

teachers must remember the importance of helping students 

bridge the gap by "connecting the world of manipulatives and 

the world of [mathematical J symbols" (Bright '+). 

similar philosophy Trueblood states that 

Of a 

"prospective teacher-s resist using manipula
tives ir the classroom for t~o reasons: a 
lack of confidence in their own ability to use 
manipulative materials correctly and the general 
belief that children will become too dependent 
on these materials arid. as a result, will not 
master basic computational algorithms and 
related concepts. This ger,eral belief seems 
related to a lack of confidence in helping 

7 
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children make the transition from the concrete 
to the abstract= q (:=,.t) 

Thus~ for a var·ietv of financia! arid pedagogical reasons 

manioulatives have not been implemented extensively in the 

public school system. 

When choosing manipulative materials for cl3ssroom use~ 

teachers should consider the following pedagogical and 

physical criteria. One pedagoqical criterion is "the 

adaptability of materials in dif·Fe1-ent contexts" o, 
' I ~ 

A certain manipulative device is much more valuable if it is 

versatile, useful in teaching many different concepts. Also, 

"an added advantage of using a familiar set of materials 

repeatedly is that valuable instructional time is not lost on 

'play, which is needed any time some new and unfamiliar 

materials are intr-oduced" (!"losel'- 9). Another pedagogical 

criterior; is ~ .. Jt-Jetber tbe rnanipu.lati··,/e pro\.,ides a. "cli.?aT 

represe~tatior of mathematical . ' ' 1aeas 1 r. other 

words. will the students clearly grasp the underlying 

concepts from using the manipulative device? Al so, teachers 

should ensure tnat the chosen manipulatives are '1 appropriate 

for the students' developmental levei" (Hvnes 11). 

Manipulatives should not be too complex for younger students 

no,- too childish for alder students. Finally, Fennema 

sugqests that teachers shoulcl choose "manipulative aids 

[that] do arouse students' interest and improve their 

motivation to learn mathemd.tics" (Hynes 11 >. Teacher-s 

should also consider the physical criteria of manipulatives. 

8 
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Before implementation, each ma11ipulative device should be 

checked for its "d1...n-a.bilitv~ sirripliclty, attra.ctivE·ness~ 

reasonableness of cost~ a~d ma~ageability and ease cf 

Thus~ a varietv o~ selection criteria 

e~ists and should be considered by classroom teachers whc11 

choosing which manipulative devices to implement. 

One type of manipulative device which is riot as tangible 

as those previously mentioned is computer assisted 

j nstruc. t ion. In one study, Knerr (Dessart !08) found 

significant improvements 1n instructional effectiveness and 

learning competency when computer software was used to 

jnstruct students~ For this reason, the e~perimer,ter used a 

in this research. 

software by Sunburst Communications. Inc. allows the stud0nt 

to choose any type of quadrilateral, and H,en "make any 

geomett-ic construction that Euclid know how to make" 

(Schwartz 58). Thus, the students can construct parallel 

lines, perpendiculars, and angle bisectors; label points of 

intersection and midpoints; and measure angles and lengths of 

line segments <Yerushalmy 418). Therefore, based on the 

adaptability of this software, the experimenter chose the 

Geometric. Supposer.:_ ... Duadrilate,-als to motivate the 

experimental students to apply the theorems they had learned 

as a review of the unit on quadrilaterals. 

9 
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In too many classrooms mathematical activities are 

intended to keep students content and quiet <Dessart 19). 

Instead~ these activities should challenge and stimulate 

discussion by the students. As described in the following 

procedure section, the geometry students 1n the experimental 

group were actively involved and on task 1n the learning 

p:-ocess. The experimenter attempted to follow the guidelines 

for- "the sound use of manipulat ives ir1 geomett-y and 

geometric-measurement 1nstructionl' suggested by Clements and 

Battista (29/. Accor·ding to them~ fir=.t of all '!students 

should be involved with four representations of a new idea" 

(29). The four representations are as follows: I/use 

classroom manipulatives, examine the physical world, examine 

and draw diagrams, and learn names, definitions, or 

s1,..,mbol izations;, {Clements 29). Ti1is order represents a 

progression from the concrete to the abstract. bridging 

gap between the world of manipulatives and tne ~orld of 

symbols. A second guideline is that 11 the use of 

manipulatives should promote the development of spatial 

the 

visualization" (Clements 29). This spatial visualization 1s 

vital to the students' comprehension of geometrical concepts. 

Finally, Clements and Battista state that "activities with 

manipulatives should be oriented toward problem solving" 

( 29 l. In the experimenter 1 s classroom students practiced 

this by conjecturing conclusions, after us1nq manipulatives, 

to theor·ems given their hypotheses. Thus, following these 

10 
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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 to help children learr1 
and understand mathematics. Well-chosen and 
properly used manipulative materials enhance 
children's learning, generate interest, 
relieve boredom, and promote problem solving 
and computational ski l is~" (~<ennedy 7) 

11 
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PROCEDURE 

After visiting the school that the experimenter had been 

assigned for student teaching, plans wer·e begun for the unit 

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 control 

group, the second period class. there were twenty-four 

students. fhis class was taught in a traditional manner 

without the use of manipulatives. In the experimental group, 

the third period class, there were fourteen students. 

class was enriched with a wide variety of manipulative 

This 

materials. Obviously, the difference in class numbers 

presented 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 

discuision of data section of this thesis. 

·ro begin the unit on quadrilaterals, two pretests were 

administered to both of the geometry classes. First, an 

achievement pretest (Sample Test 11 was given before 

instruction on the unit was begun. The first five items 

to test recall of the previous unit and readiness for the one 

to be taught by the experimenter. Items six through eleven 

were obJective items to determine how much the students 

already knew about parallelograms. Questions twelve through 

12 
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fifteen asked the students to define and 11st all of the 

properties they knew about a parallelogram, a rhombus, a 

trapezoid, and a rectangle~ Questions sixteen and seventeen 

were intended to measure the student's ability to analyze a 

problem. In each. stated ~,;1as the ngiven" for a proof. and 

students were asked to write down all of the facts they knew 

from the "given.(l In several of the above questions, the 

students were asked to list all that they knew about a 

particular question~ For this reason the achievement 

pretests were graded on a point scale. For every correct 

fact. the student received a point. Helping ta familiarize 

the experimenter with the new students, this pretest provided 

information about each student as well as a measure 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 measure the students' 

original attitudes toward geometry, a semantic differential 

adapted from the work of Osgood (Reisman 120) was used. 

Whereas his semantic differential used ten bipolar pairs, the 

experimenter included seven bipolar pairs to simplify the 

students' questionnaire. 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 rati11g, 

13 
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this sum total is divided by seven to find the mean. See the 

sample sema11tic differential (Sample Test 2) for an example 

of the scoring~ Also on this pretest were straightforward 

questions intended to determine the student's learning style, 

whether visual~ auditory, or ~inesthetic (Peterson 845). 

Questions 1, 2, 4, 5, 7, and 9 were aimed strictly at 

determining these sensory modality differences in students 1 

learning styles. If in three out of these six questions a 

student gave a visual (auditory or kinesthetic) response, 

then the stL1dent was classified as a visual (auditory or 

kinesthetic) learner. Questions 3 and 6 were designed to 

classify a student as an introvert or an extrovert. Since 

many of the manipulatives were studied in groups, the 

experimenter desired a prediction of how well each student 

worked with others. In the initial testing. the e~perirnenter 

decided to as!( extra questions such as this to leave several 

areas open for possible analysis later in the research. 

Finally, question 8 was to determine left and right brain 

hemisphere learners. Again, this question was an extra 

direction that the experimenter could have explored later. 

Actually, in some cases the answer to this question 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 

question 8 were classified as visual learners in the event of 

i4 
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a tie. Thus, much of the classification done 1n this study 

was premised on the results of the attitude/learning stvle 

and achievement pretests= 

At this point in the research the experimenter began 

implementing manipulatives in the third period class. 

second period class was taught the same material in a 

The 

traditional manr1er, void of manipulatives. 

the procedure with the third period class, 

Hencefort~,, only 

the experimental 

group. will be described. The cooperating teacher had 

introduced the experimenter's unit on quadrilaterals by 

teaching the first section. The experimenter began teaching 

the second section of the unit with a lesson on the 

properties of parallelograms. In this lesson each student 

t>ad his own qeoboard, protractor/ruler, and rubber bandss 

course~ the students needed a few moments of play as an 

orientation to the geoboards after receiving instruction 

about their use. 1he approach in this discovery lesson was 

for the students to analyze the parallelograms they had 

constructed (from definitions given on the previous day) on 

their geoboards !Photograph 11 and formulate the theorems 

in section two without having seen them first. These 

activities helped to build students' analysis and problem 

solving skills. The students were not required to formally 

prove the theorems since the cooperating teacher had never 

Of 

stressed this. After their discovery time and a few prompts 

from the experimenter, the students were able to formulate 

15 
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the following theorems: 

1 • 

2. 

3. 

" . 
5. 

"Opposite sides of a parallelogram are 
cong,·uent." (Hirssch 223) 

''Opposite angles of a parallelogram are 
congruent." (Hirsch 22£,) 

"The diagonals of a par·al lelgram bisect 
each other." (Hirsch 224) 

"The distance between two parallel lines 
is a constant." <Hirsch 225) 

11 The diagonal and the sides of a 
paralleloqrarn form two congruent tria.ngies.H 
(Hirsch 223) 

As an example of a passive manipulative (Schultz 5<,), 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 it on the 

diagonal in order for the students to see the two congruent 

triangles as they overlapped. Overall, the students' 

participation was good. Especially, they were very 

attentive, and no discipline problems we,-e 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 mischievous activity. Most importantly. 

many students seemed shocked that they could discover 

geometry thearen1s on their own. This really impressed and 

motivated the stude,,ts. 

The second day on section two was spent in a bulletin 

board game activity (please see Bulletin Board). To begin 

the activity students were pdired, and each team was q1ven a 
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geoboard, protractor/ruler, and rubber bands. As a review 

each team was to read a property from the bulletin board and 

construct a parallelogram. a rectangle, a rhombus~ and a 

square, checking each to see if the property applied to it 

(Photographs 4-7). This way~ all of the teams were actively 

involved. Then, experimenter called on one team (per 

property) to come to the bulletin board. One teammate 

constructed the different quadrilaterals and demonstrated or 

disproved the particular property for each. The other· 

teammate placed a check on the bulletin board where 

appropriate to match the quadrilaterals and their properties. 

The students were actively involved in the learning process 

and seemed to genuinely enjoy this type of review. 

In the lesson or, section three the students used 

geostrips and brads to prove that certain types of 

quadrilaterals are parallelograms. Each student was given 

six geostrips, with at least two congruent pairs coded by 

color (Photograph 8). Again, 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 . 

2. 

"If two sides of a quadr·ilateral are 
parallel and congruent, then the 
quadrilateral is a paral lelogr·am." 
(Hirsch 229) 

"If both pairs of opposite sides of a 
quadrilateral are congruent, then the 
quadrilateral is a pa1-allelogram. 11 

(Hirsch 230) 
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3. "If the diagonals of· a quadri late,-al 
bisect each other, then the quadrila
teral is a parallelogram." <Hi1-sch 230) 

Given the hypotheses above. the students were able to 

construct the conditions for each· (Photographs 9-12) and 

conclude that the quadrilateral was a parallelogram in each 

case. Once finalized, the experimenter ref·err·ed to the 

textbook (Hirsch 229-30), showing the students that they had 

formulated the theorems 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 qeoboard, a protractor/ruler, and five 

rubber bands. By this time the stude11ts were familiar with 

the properties of the geoboGrds. Since the pegs are arranged 

along parallel lines on a geoboard, the students could 

visL1alize the hypothesis of the f8llowing theorem: 

or more parallel lines cut off congruent segments on one 

transversal, then they cut off congruent segments on every 

transversal" (Hirsch 235). Also familiar with transversals, 

the students then placed another rubber band across the three 

parallel rubber bands to represent the transver·sal in the 

hypothesis and noted its division into three congruent 

segments. Prompted by the experimenter's question of what 

happens to a second transversal of the same three lines, the 

students constructed a second rubber band transversal on their 
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geoboards tPhotograph 131. Us1nq their intuition they 

volunteered observations and suggested possible answers. 

As\.-:ed to back u~J their speculatioPs with proof. the students 

used their rulers to measure the segments of the second 

t,-ansversal. After doing this. the students were able to 

formulate the conclusion to the above theorem. A second 

theorem covered in the lesson pertained to triangles and 

parallel lines: "If a segment joins the midpoints of two 

sides of a triangle, then it is parallel to the third side, 

and its length is one-half the length of the third side" 

(Hi r· sch 23ft ) • Each student constructed a triangle on his 

geoboard and then measured to find the midpoints of two of 

the legs. connecting them w1th a rubber ba~d (Photograph 14) 

Analvzing this, the students first noticed that the segment 

was parallel to the third side. After a prompt by the 

experimenter, the students began testing their estimates of 

the segment's lenqth. 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 before 

stating their conclusions. Nonetheless, they still seemed to 

prefer this active learning technique 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 brdd, and a protractor/ruler <Photograph 15). 
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For this activity, the experimenter stressed that the 

geostrips now represented the diagonals of a quadrilateral, 

not the sides as they had done previously. In Photographs 

15 - 18 the cut out circles at the ends of each geostrip can 

be observed. These circles represented the vertices of the 

quadrilateral formed by the two diagonals. Either by sight 

or by filling in these circles on paper and connecting the 

dots, the students had to state what type of quadrilateral 

was formed in each case. The students investigated cases of 

congruent diagonals\ perpendicular diagonals, and ·~arious 

other arrangements. From this activity the students wei-e 

able to formulate the following theorems once the 

experimenter had stated the hypotheses in each case: 

1 • 

2. 

3. 

"A parallelogram is a rectanqle if and 
only if its diagonals ai-e congruent. 11 

(Hirsch 240i 

"A parallelogram is a rhombus i"f and 
only if its diagonals are perpendicular~" 
(Hirsch 2'tl) 

11 A parallelogram is a rhombus if and only 
if each diagonal bisects a pair of 
opposite angles of the parallelogram." 
(Hi,-sch 241) 

This activity was more successful than the experimenter had 

anticipated because the students discovered several 

connections. For example, when working with perpendicular 

diagonals, many of the students thought the parallelogram had 

to be a square. However, by constructing another figure with 

perpendicular diagonals, the students understood that 

perpendicular diagonals produce a square in a particular case 
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(four right angles), but in qeneral perpendicular diagonals 

always produce a rhcmbus. From this the students were able 

to transf·er their new knowledge to conclude that a square is 

a particular case of a rhombus. an accurate conclusion. They 

also learned that theorems are always true in every case~ not 

stated just to satisfy one particular case because a 

counterexample could be found. Similarly, many students 

thought the parallelogram in theorem one above had to be a 

square, but later understood that the ger1eral case of a 

rectangle had to be concluded by the theorem. The studer,ts, 

as well as the teacher, seemed very pleased by the mental 

excursion this activity launched. To close this day's 

lesson, the bulletin board activity was used again to review 

the new properties learned. Called upon at random. each 

stude,,t had to use their geostrips to construct supporting 

evidence for placing new checks on the bulletin boar·d. In 

their seats the other students also followed along, 

completing the same geostrip constructions and verifying the 

accuracy of the checks placed on the bulletin board. Thus, 

the students were able to help each other learn as well as 

discovering information on their own. 

Since these properties of diagonals were so vital to the 

students' classification of quadrilaterals, a second day was 

devoted to this topic. Also, at this point in the unit, the 

students had been exposed to a great deal of information 

necessary for them to distinguish among the different types 
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of quadrilaterals. Thus, in effect today's activity was a 

review of all of the material covered thus far in the unit. 

F i i- st o f a 1 1 • the c l as 5 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 rhombus 

qroup, and a square group. Without the aid of notes or the 

textbook (Hirsch), the students in each group were to compile 

a complete list of the properties of their quadrilateral. 

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 questions. They summarized that: 

1. A rectangle has all of the properties 
parallelogram, four right anglesJ and 
congruent diagonals. 

of 

2. 

3. 

A rhombus has all of the properties of a 
parallelogram, four congruent sides, and 
diagonals that are perpendicular and 
that bisect opposite angles. 

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

From their ability to easily formulate this synopsis, the 

e;v;perimenter concluded that the manipulatives helped this 

class to see the similarities and transfer the information 

mor·e readily than the control group based on observation 

alone. 
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In section six of this unit, the topic changed from 

parallelograms to trapezoids. To supplement the instruction 

each student was given a geoboard~ a protractor/ruler~ a~d 

rubber bands. After reviewing the definition and parts of an 

isosceles trapezoid, each student constructed one on his 

geoboard and used rubber bands to represent the diagonals 

(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 . 

2. 

"Each pair of base angles of an isosceles 
trapezoid is congruent." (Hirsch 246) 

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

Similar to the triangle theorem from section four, the 

students then constructed the median of a general trapezoid 

on their geoboards (Photograph 25J and then made 

observations~ Once 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: 11 the mPdian of a trapezoid 1s 

parallel to the bases, and its length is one-half the sum of 

the lengths of the bases. Although this activity required 

more knowledge of terminology and concentration, the students 

still seemed to enjoy being actively involved. As their 

teacher, the experimenter observed that actually constructing 

and studying isosceles trapezoids then general trapezoids 

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. 

This topic was so complex and difficult to understand that 

instruction without the aid of manipulatives would be next tu 

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 250) 

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 each theorem one or two three-dimensional models were 

presented to illustrate the theorem for the students 

(Photographs 26 - 29). Reading the theorems meant nothing to 

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 ta 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 points in a plane equi
distant from two given points is the 
perpendicular bisector of the segment 
joining the two points." (Hirsch 254) 
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2. 

3. 

"The locus of point':::. equidistant fr-om 
two given points is the perpendicular 
bisecting plane of the segment joining 
the given points~·· {Hirsch 255) 

11 In a plane, the locus of points equi
distant from the sides of an angle is 
the bisecting ray of the angle, exclu
ding its endpoint. 1

' (Hirsch 255) 

In this case especially, manipulatives have a very important 

role in ma~ing wordy mathematical jargon real to the students. 

To support this, t~1e experimenter's cooperating teacher ard 

the school assistant principal observed the lesson 3nd 

commented on how vital the manipulative models were to the 

students 1 compreh.ension. this le::;son. 

manipulatives serve to simplify and tangibly represent 

difficult mathematical concepts if properly selected and 

used. The lesson 00 locus points concluded the presentatio~ 

of new material in the unit on quadrilaterals. 

The next two days were spent 1n review1 followed by the 

chapter 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 Geometric _Supposer: 

Quadrilaterals (Photograph 30). This software allows the 

user to draw quadrilaterals and diagonals, label vertices 

and intersection points~ and measure angles ar·1d segments. 

After reviewi11g the software, the experimenter created a 

worksheet which covered the rnai11 points from the unit. A 

copy of this worksheet has been included in the following 

pages <Geometry Worksheet>. The worksheet was lengthy and 
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intended to occupy the students for the entire period. 

Amazingly, some of the slower, failing students were the 

first to complete the worksheet. When finished, 

willingly walked around helping others. Later, 

they 

they 

commented on how much the computer/worksheet activity helped 

them review the material. When questioned as to whether they 

really enjoyed Just having an opportunity to use the 

computers, they admitted that the computers were fun, 

but they convincingly stated that they had reviewed and 

learned material that they would not have by studying on 

their own or by doing assigned problems. The second review 

day was filled with assigned problems and factual reviews, 

ider,tical to the lesson for the control group. On the 

following day both classes took the same chapter test(Sample 

Test 31, and the unit on quadrilaterals was completed. 

Approximately one week after the graded chapter tests 

were returned to the students, two posttests were 

administered to both classes. One posttest (Sample Test 4) was 

an attitude inventory identical to the attitude pretest. The 

purpose of this was to measure any improvements or declines 

in students' attitudes toward geometry during the course of 

the unit on quadrilaterals. The second posttest <Sample Test 

5) was an achievement posttest. Half of it was identical to 

twelve questions from the pretest. This was planned so as to 

determine the amount of improvement between the raw scores on 

these sections of the two tests. lhe second half of the 
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achievement posttest was to test the students· recall of 

specifics 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 improve 

students' retention of information. Finally, the students 1n 

the eyperimental class were asked to fill out the 

questionnaire included in the following pages 

(Questionnaire). The questior,s were designed to measure how 

the students felt about using manipulatives, which activities 

they preferred, and what benefits the students experienced 

from their use. Further results from the posttests as well 

as the other tests mentioned in this procedure section have 

been thoroughly documented and analyzed in the following 

discussion of data section. 

27 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAMPLE TESTS 



iiii 

I 
I 
I 
I 
l 
I 
I 
I 
I 
I: 

I 
I 
I 
I 
I 
I 
I 

/. ;i_°eJ_ m.dAAw ~.p.WJl~ :)_ ti/A,~ MP ~l.i. 

1. · ~ ~ 6t rm,0 ;z ~ j;w_~ au. Wl'{U-W'i--t · 

,. tt~t J:lti wi~XU ~'Wf,n.t P1-r1., rt AABt ,~ t1 ocr: 

.\. ki 10 fJli'w et 1E A 
(-Jftj f 



Somp\e lest c,(., Y}vrv- __ ---· _ 

I p~~a,~;,.,~~~-
I 
I 
I 
I 
I 
I 
I 

L 
-

Geome~j 

/C • '.} ~a ~. Cl,'!'\ h=fM_'Lta.J\L_t ~. L1D C:'i)f '"k, M LJ<l"- t>"if v 
.,,tr, u .. 'f)Lie, .L1 ~C\l.,l-lr-Lt s l ~'"!-~~_2:-~101l 

J-. 4. ,J"- AL ~'la.t&~ , e,\.O lf'l .iw.."'"" -0t.:tti.u -l 
I CE .>-'i-f" ..;_ •"-C.-0 191 -{'1 Wl...i:.cJ ,._;__ l~ e:tlu. w ~- ~t ~ 

~. tJ.m 401'l1 ~ Ji,TIU.,, (l.,U ~ . ?;> 



I 

I 

-- ------ -- ---·--. 

. . .. --
-- _, r •• • 

. ~ _-;,_ - .. _. . ...,,...- - -.- - .. - -- . 
. . 

"~ . ,.. 



l 

*3. C~-=-ld. > C.X=-
~- mL.C.1)E, =- 7:J. J rn L E~c:: _ 

t. ,,, LI -+ m L 2.. ~ IO 3 ', n. L ~cu :: __ 
J(,# m L4:: ~ 1 ) rv. L-;I_:. # 

11 . m 1.. 3 -: 4 l. + Y. ~ m L t.\ : l, X '1 rn Li=£ D : IQ~ ·, X = __ 
ii. XE -=- J y +-d ·) CE :. 1 ;i ·) y :.. 
~q. rn L (=C,L> ';. 70 ; (Yl LC FE :. t '0 ·• m L FE 1): __ 

I 
I 
I 
I 



I 
~ c.,Y~lt./ ~ ~ )Obt..fvnu.-"ll.-1 W 3:>n1€11m6S, filWA\/S, &l IJEV£(} 6i.u.a.,. • 

f. db~ ~ ~ 0- -fJO.>-fl~ ~ ~. :JJwn-/A..._ 
~ltlOj'\Aln\JLO a..~. . 

I· tl-6 JAL, d .. £~ 66 o.. ~~ iix<Lt.cl J7Mh ~) fiiL7l ~

~u.JJ .A.~ l\. ~4, 

I. ~ ~ i 0- ~cf._,~~ :itJ iL 1.n:uu_u. 
f- th h.C DE I q, X o.r.d y ltJ\.l ~ ,..,..J~ °ii Tu """' 'DE . ,u.,:,pwirt..~ J 

~xy~c..D. 
I. tL1l ~ i?,C. I l6 X. a.rnd y CtA.t_i:L '~ ~ AG a..N.d ?3<:,) ~ 

Y. Y UJ 6)~ fa ;4-B . 
.l. t:.e,n. -~ 413c.U, eJ Ac°,':! fil> ~ 1tBcD ~ 
l 0.M~+ . 

. a~ ~a.~. 
f7 • ~ .4'6Cu , tc{ frC ~ __,._.~ ·--·~JLJ......., 

.fa B]) J::lum. ._ptJ.Ao.1..R.e..if;<f'P-IYYl ,(8{!1) L<) 0... ~LI " u. .. 

17&.i :Ji_,. .~~ ~ ~11r<A.:t£6)() 9'tAA.Q.UU, fi,t!= C 

1,4~~ :;:~ -~ ? (<rs "'1 ~) ~ 
!fi. ,{£ =-(;.E J & ~ DE ~ 
ei9. .AZ ..L. 131) 11, . a 
f· 'ifBJ/ a ~ ,rn ~ CD 

. 
i'llJ1CUul,; .3/ - :33 .~v Jo .Jiu J ~ ~ h )j 1 + k,, 

, l tii EG ~ 7 1 ~ F = 7, 'R:$ = cg J 'i/u.'11.. .sT=- . '-"' --t-g -~~ .., 
I Ii. 1 ~o} ~ /Jrlltl 'RS: 5.1,,. 'fu.,., 1<.. T c. . 

)3. \:J:b EG '> RS 1 ~9f.a ~'IA1.ct.~\.,Jl (1. <,'2 e I.D_u( 

~ lf{. 0.. pa.it.o.1.erJc~ • 

I 
I 



·~~ 31./- 3'ii' 

lliwc10 ~,pi/.. A8e V . iw ~ ;II.., ;nutWAI.> )> f ~ . , 
j!. AB ~ lilt ) ';DC ::. IQ_., MAJ .: ;A r1;~----+" 
!-. U ~ t:l , {Y)(\j:. l5J f+B-= -- __;\ !~ 

•. LDMN'! );(,~ ~ f';1N~a 

jv~ kB. 
I. t16 AD t £:I~ LDA-2> ~ -

f. cl& CB ~ 4D 1 <f-lu."' FB ~ 

~t0~e.4 39- 4~ 41.. lo jj RSI. J£~ )Ju_ 

~ 't ~;~sr_:_ 
lfL :rt. JLJ ;b:, e.s. 

T 

co , Jk ~ '7. ;J, 1 12 S :. • 

I. tifJ 'R.S:. (.,c_ -+- 10 1 ~ Jk.-:. --- .. 

,~. L TKT ~ , 

IJ. 1k M ef o»-~ I ard ~ ~ ~) tfi,,+ ~ 
I Cl F)\.. ~ ~ a.. • 

16) Mula., )J.kdt.J..J Ct11..d. dt.~ jiu ~dzix). r. tlll 0.. ~ , :Hu 1/)(!A.~.V 9/; ~ ..t~UcLJizlrd ~ 
Jtlt ,-0_1 Af,J &.6 ~ ~ . 

I 
I .5. ~ .htLuJ 66 --p.Cl/'id11 ..l;.__ o., fLU'-= ~u'cl(.db_,,__i f/,15">"><.., 

;)._ ~l. ~fu ~ L"°t4-J . 

. 1 

I 



I 
1-1&. IJo 6X& 

I 

I 
I 
I 
I 
I 
I b. ~: ltBe.D ,la fl Al~ ~ 1K ~ Jc., 

f .;'U1)e '. ,4B~.D ~;) a. ~·· 

I 
I 
I 

;I 
I 
I 
I 
I 



I 
I 

Vl~ --------
f~ ™- chuk., pu ~ if'/.- '-/Ju ).1&.n.fc/ ~ 

.N-f:1u .. 1~.;_rtt fa ti..vo el 'f'U'l ~ &'> ~ v-.f.vn ~ 

I~~~· 
I PGeon1err<Y If 

I 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 

'B)~~ 

G) 17L~d 

v) (LQ_d:oJvtf-U 

T --5 

~ LIQ ( 0v ,ul i.. Q RS (J._1..t ,0\.Lpp-'--t~ ~trJ._~ '.l 

L. QQS a;rtd J. J2S J a.u ;Q)J-fl-f2..Ufrt1.c0/._ifl·~'t . 

.,c::J s,e r,o 

:if.. I 



4. WltaJ-~ c o..rn ~ !LU£Lil o.t"""FVJ jtu_ D 146 OttJ ;t L6 
l ~~~;~? . 
I A) (? CL LJ.A..J<.-X...--"-'J 

I E) ~ct:o...~ 

I c-) ~~ 

ID)~ 
I 
1). w~ u.-;:- ~~~ ;to~ 'tiu ~~ ~-. 

I a) b) A B 
('.. ~(('DE. EF I \ £~//Q;D 

I u --- - E. c.. L \ J) 

I 
I 
I 

b) EF = ---



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11 
I 
I 

PHOTOGRAPHS 



~ 

• D ,, 
ft"' 

0 D ~ 

0 

T 

D 
;ii D 

( 

:i:., ,., 

,c, 

D • 
" e,l 

<:I 

~ D 
.i, 

'"' 0 D 
.. 

D 

' •' D 0 "' 

D z 

•• D 
0 0 

D 
'? D 

~o a 
~ 

D 
.. D 3 

"' D ,, 

t D 
~ 

¢11, 

D •• ,Ii 
0 

It 



• 0 .. 
¢ D " ~ ,,. 

a 
~ 

a D (I, 

'I' 

I 

" D .. 
r,..' 

.;I 

D 
"' 

~ 

D 9 

D 
ii. D • 

ii ~ 

D 
5 

~' 

D ~- O· 

.,. 0 
.. 

0 

0 ,'f; 
~ 

'1110 0 
.. 0 

0 
;;, 

0 
I a 

"~ n 0 

It 



• 
·4~ D ·:)~'>:\/f;~~*~gt,, 

9 
.r-~ 

Iii ,t' 
0 D 0 

q, 

,.. 0 
~ 

0 • 
0 0 7 

.. D 0 

.p 

\ 

0 ·. 
,., 

c;, 
6 

D 
0 .~ 

D 
r 

c;, 11 .~ D .. ~1.: 

D 
D -- -

? ~ 

~ 0 ., 

'?e 0 
"oo 

·:·-,;_';:; 

D 
0 c;, 

C, .. a 0 

\ D 
!I; \ 

D 
\ 

) , ,<lo 

0 D 
I> 



0 

f D 
~ 

0 ' D ,h 

" 
0 

.. 
D 

?, 

"" 10 
... 

' II 

t~ 

. ·~- .~., .,, 

Q 
0 

~ 

<:'\, 
~ 

' 
~ 

0 .... 
~ 

It 

/ I a '" 

·~ 6 6 D 
0 0 0 

.... 0 
0 

D 
b\~ 

D 
... 

12 
i 

;, 

D 0 

D 
0 

~ 

d'" 

0 D 
0 



!l D D 

.. 

0 

t D 
• 

4, D ... 
13 

c!i' D ., 
~ 

~ 

.<I, D 
~ 

,. D 
.. 

0 
ii D 

D 

"' -<:, D 
0 ,, 

D 
J 

)~ 
• t .. 

D 
ii ?.· 

"' " D ' l 
Cl,. D C 

~o D A 
• 

D 
.,, 

0 D 
16 

@ D ~ 
" .f, 

" 
( D u > • 

~ D 0 ~!., 

h 



D 
~ - a 
0 
a i<o 

0 
D 
a . 

a 
a 
D t7 

a 
a 
D 
D I 
D .. 

I~ 



. ;~::~,-~ .............__ -- -~--~ 
" Q .. 

;' 

0 
..;:i 

0 ·9 0 s: D 
I t1 

~ D // 
~ 

~ ~ 0 

D r ... 
~-

D 
ti 

0 D 
~ 

t. 

D 
- ~r,, 

D 
-:- , ..... 1 

,I 
4 ,.. ""' 0 ., 

• I 0 

0 D 0 

.. 
D ,: 

">! 

0 .,:_s .l{~ -...''A 
" -- - - . .... 

" D --- (A.,._l6 
" ,, 

... 
D 

c,,,c, 
·O D i "' 

I''' 

D 
.;: 

j 

. ., 

) 
~ D 21 
~ 

<!, 

~ D 0 
. ., ~ 

.-; 

D 
) I ,. 

D 0 

,Q 



a 
tf! 

0 

' 
., L 

.. 
4' ';{" ,,j, 

0 

I!' 
!l!r~:~ . 

" ·~ .. .. 22 
-~ ~ 

0 D 
r> 

~ 

D ~h I Jr.a 
.o 
II D 

D 
.. 

6 
0 a 

"' a .23 

D 
0 

11 0, D if 

" 

::~ D 
.rao 

t!'.i! D 
D 

0 

!':I 
D 2~ 

.. D 
\. D 

~"' 
0 D 

.o-



• a 
• 

• ·D 
• 

D 
9 

• 'lo 

0 D I 
9 

0 L 
a ~· 

-.· D 
D 

,. 
0 

0 D 
',I,;. 

0 
"' ii 

0 
• ~i,,. 

• t), D 
~ 

•' 0 
'•o 

'n. a 
.. a 

"' 
!I D L7 

C a 
D 

' 
0 

~ 

D \ . . 
\ 

\ 



2t 

a 
D 
a 
0 bi 

-, l 
D ,r 

""I 

0 
...... ' .. 

v IP''I.. ~ ,1 
2'1 

~ 

0 
D I 
0 

\ 

l 
D 
D 
fl 
D 

-- --...___.. - .---.,.. -

D 
D 

...... 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BULLETIN BOARD 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PROPERTY 

OPPOSITE SIDES P.RE PARALLEL 

OPPOSITE SIDES /:;RE 
CONGRUENT 

OPPOSITE ANGLES /;RE 
CONGRUENT 

D I 1;um,JAL FOl":MS :".:l CONGRUENT ~ 

TR I ?'.,NGLES 

DIAGDMALS BISECT Ei-'iCH OTHER 

DI P1GUNAL. B APE CONGF:LIENT 

DI AGUN/:,t..S l'lPE PERF'E~m I CLIL.l'IR 

DI r,GONALS BISECT UF'P0f3ITE 
hNGLES 

f'.il..L. ?\NGl...ES /.\l'<E PIGHT /;NGLES 

l'ILL SIDES l'IPE CDMGRUENT 

BULL.ET IN BOP.F:D 

P?iRALL.EUJGRhM RECT/;NGLE RHOMBUS SDUl',RE 

* * 

... ·•· 

* * * * 

* ·!(· * * 

* ... ... * 

* ... 

... * 

* ... 

* 

* 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GEOMETRY WORKSHEET 



--· 

---· 
. -

I L · ~ o., ~XPA-*86 L __ a~ L __ 
I ~,e_ feiJ .Mu. ~ aiJttfe: 

·~~~: 
I 

~CL~--j~~~--· 
I uw ~ _.,,;.d..L ~ tyll.W,(lUtt __ 

I ~ a._ 3f!L ~ ;Jh~ IA.) 

1t.. _U:::J..~t., .tu.d-e.. -MW ~u._ --.. 

~v(A./0- t_heMP_;yA_: 

--.. 

I .f)MJ.,J ;J. c/.J.~ o.w Md :tJuu., ~. 
I~ 11/hJJ IT~ • 4~ . /zw;nw.o.AWJl.L _ 

~j/u~~a~ :lo~fU1tid86~6b~d-. 
lcLt~ j J;t.J ~ t-O • ~ 6w,. ~ .~ ir,diJwuju 

.~ - fe fu ~ r,JUdJ¥.. . ; i.n, fY)U_(l.()W1 ~ • • . 

/:£>)~~ -~-)t\u.. . ~cL~--· ,~~.~ra3r:E~ fe~(JlJV(±6?(~~~(' 
,IJ-~~»J) (),LL~~ .-~~~~ -
~-;o+L ~ ~ ) m ~ ca . x.\e, ..t'n-fL.LJU£t,, 



I 
·~ _ ~ <;tL_ -- ~ {ij_ru:t:rw2 -- • 

tf,_~: 
-- - -

~lJiapdN). ~pimu-~. 
I L _ ~ ~ . L W;.4 ,~a11.n/1L _ • 

I 
lf)MwJ~. 
~. 1aJ. .rw.MUAL - ~ ~- fu;r(NJ4_lJ./lL -

I~)~ ~ l:e CU~--· 

1~~ ~le&l.rJY>U:. 

I -
j).OJ_ ~ ~ o.»we. aM.., oJl,w . . . ~ ~ __,_ ... ...--· --

• LJLi,u{M ft.J. ~ ~ ~----
1 . 

I 
I 
I 
I 



'iw~· ~- ~onJmA) 

IAuk-~~ . ~~ iuu~-· 
I~-~~ . ~ . .../t.aJJ~ .. 
~(;l~. 

J),',.,,.. CW 11 {) ..A.cui ;ntJ_MJ.J./lt- . • ~ 'h/JiJ.~v_, -
a..;v':'"':ow~~ ;ih :2 • • . 

~A4~~~.2~. 
f,--~~ . L fu~-· 
~ ~~ . J_ ~~~--

I>, Jiu ~ i a_ ~~ lLU- ---a~ a ,~it'liLtL L ; ffe ;n..Ut<U.(../l{, ..<.4 _ 
L cli.~ Qu-w :J)vto1~ JJu tJfJliiX I.... {p_b..,.). Ju. :2 
t+~)L ~L ~~ 

Q./Yt.._O... • 

IJk~~~L~~~»J L ;.iJ;u,W 
I~ ~ ,o£linu cU~ . ~ :l ~~> L _ 

0/n..d.. L )~ ~ 0-ft.LL. . . ~ 
~ ;/J-let/lJ,ryl(J : 

~jk ~ ~ t1ftfilut2-~~.r . 
I .z. tYVi. z_, ~ ~~~. 
~ ~ #td. ~d.e_ ~ ~ 0-A-A... ---

1 !- ~L ~~~~, 
~ (hU.QJ)W .~ :(Uctfl ~ fi-''ck. ~ --
~ ~ ~ ~ad; )lj.d ().~.)A a. ---

1 )r0-.4.ul µp$II ~ ~ ~= 

I 
I 





I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

QUESTIONNAIRE 



I . 'flevnu, ----
1 . ~ Q 0ti.£xrm~ 
Y'\A(\)IPOI...ATIVfS:: ~-~, ~o-.~.~(nlf)~,ek-

1 ~'-f<- -~~ ~~r'°"~~ a.a~~ . 
I ' , . &pla..t/'L . 

I ~e '/"- H_ :JJ., ~1 <klpw 'f'')I.. .tw-~r1- cw!/.·1 
I ~~ >Yu JM.-./:_;j aJ.rw Cf,U/.dl'L~ f}db_u </!1t1/X 

I ~ c1Ju au.;._~? c~rru. 

I 

1. LJM ±k.tu. a., -fX:rdJ_~ ~ ~ rr-r1.11Jn:pu daft~reJ ~ 
I 1r ~ /xxLi: r 

• { &J_ ~ _hv.., ~~ f,rr, F} fo yj_, C~u l/ffe>1 ) 

I ~ ~ f~ fl:11-t </}J LLftr~ arJ t.£Yrtpj_cfu_, j2iLC9*1rTri '/Lo__~d_ 

I ~ jUZ,LhILUJ fn ~ -(JJJ{[X • . 

I ~ ii, rmto>pu~ ,r,v,.h ~!/ ;7"..tN f "- a ,LI odi. tcd.~ ? 
I &x ~',x__ . . 

I 
I 
I 
I (6'iflU) 



I 
I 
.Cu. ~ LF, »lfA ~ cw i fo ~~. w 

c,;__;_~1v ilYl '--f€k- ? -;:~ . 
I 
I 
I 

I (J . . / / 'L ' f) i· ~~ ~ ~ !JJf0-6-,>/-0 ~'fl'lU tlfr(-'J ~ 
~u.Jd aidkt /)'rW_/~ :Jk,.:1-~ ~. 

I ~ C4YYUY'rU/tW if'l,~ {~_£1 ~) ~ 
~ o... F :J..J.,o. 

I 
I 
I 
I 
I 
I 
I 
I 
I z II :J)uL,,J; 1f n0 . . 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISCUSSION OF DATA 

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 a1·1d 

attitude was another goal. In this section of the thesis 

data is presented, and the process by which it was analyzed 

is described. To draw the conclusions, t tests for-

correlated means (Linton 212-2151 were performed to analyze 

the significance of the data. 

When compiling the data, it was necessary to pair 

5tudents between the experimental group and the control group 

for several reasons. First of all, there was a difference in 

class size. In the statistical comparisons, the number of 

students needed to stay constant for the p~rcose of 

continuity. 

two groups. 

Also, the ability levels differed between the 

These conditions were beyond the experimenter's 

control. Pairing was an option to compensate for this. The 

tact that pairing did occur must be a constraint on the 

research because of possible errors. 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. Out of the fourteen 

students in the experimental group~ twelve of them were 

matched with similar students in the control group. Data 
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from these twelve pairs of students was gathered throughout 

the research and used to draw tt,e conclusions on achievement 

and attitudes. 
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ACHIEVEMENT 

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 control 

group and the experimental group were identified. The second 

comparison was between the students' quadrilateral chapter 

test scores and the averages of their previous chapter test 

scores. As a student teacher the experimenter did not 

administer these previous chapter tests; however, the 

cooperating teacher· assisted in constructing the test and 

validated that it was similar to the previous chapter tests. 

Therefore, this comparison was a valid measure of 

achievement. 

Considering the pretest and posttest scores specifically, 

the difference int values between the experimental group and 

the control group was conclusive !Exhibits l & 2). Exhibit 

presents the pretest and posttest scores for the twelve 

studer1ts in the experimental gr·oup who were successfully 

paired with twelve students in the control group. Also 

1 

presented in Exhibit 1 are the results of the t tests on this 

data. For the research the 95X confidence level was used to 

find the critical value fort (Hoel 402). Similarly, the 

same information for the control group is presented in 

Exhibit 2. Comparing the obtained value fort with the 

critical value for t in each exhib1t, there is a significant 

difference between the pretest and posttest scores in both 
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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 control group's t value of 3.015. This difference 

can be attributed to the experimental qroup's use of 

manipulatives. These results are most impressive co11siderinq 

that the students in the e~perimental group may have t1ad the 

same ability as their partners in the control group, but they 

were not high achievers. Whereas the control group was more 

academic in nature, the studer1ts in the experimental group 

were not likely to study for tests or quizzes. Examining 

Exhibits 1 and 2 more closely, the total raw score for the 

experimental group on the pretest was 70 compared to the 

total raw score of 120 for the control group. Looking to the 

posttest (recall) scores, the experimental group's total 

score of 151 was a 116% increase as compared to a 38X 

increase in the control group's score. Considering the 

natures of the experimental students and the t test results, 

the use of manipulatives produced a definite increase in 

achievement. 

As another measure of achievement, the quadrilateral 

chapter test score was compared to the average of the 

previous chapter tests for both qroups. The data and t test 

results for the experimental group are presented in Exhibit 

3; the same data for the control gro1Jp is presented in 

Exhibit 4. Since neither t value is sigr1ificant (above the 
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critical value), the null hypothesis (Linton 213) is 

supported. For both groups, no significant differences 1n 

achievement were found between the students 1 quadrilateral 

chapter test scores and their average scores of the previous 

chapter tests. Although this proved to be an inconclusive 

measure of achievement, several comments can be made about 

this comparison. First of all, the experime,,tal group was 

not one for studying for tests. Any possible improvements ill 

performance would have been surpassed by the control group 

due to their fine studying habits. Since neither t value was 

s1gnif1cant, 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 

specifics demanded by a chapter test. This may explain why 

the experimental group performed so well on the general 

recall posttest. Another final reason is that teachers must 

make a trade-off when using manipulatives. The experimental 

group missed a review dav that the control group had due to 

the computer room activity. Although the control group 

students worked individually 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 to 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--class 

review day may have hurt the experimental group's performance 
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on the chapter test. This trade-off which must take place is 

a choice which teachers must ponder. In summary, in 

spite of the inconclusive results from the chapter test 

comparison, the pretest and posttest (recall) comparison 

provided strong support for the improvement in students' 

achievement 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 mo,·e in 

class if manipulatives were used. This observation brought 

about the question of whether manipulatives help to improve 

the achievement of slower students in particular. For this 

reason the student pairs were again ar)alyzed, and more t 

tests were run on just the average to below average CC or 

below) students. Thus, in Exhibits 5 and 6 data for only 

nine pairs of average or below average students is presented. 

In these exhibits student performance on the pretest and 

posttest is compared. As expected, the t values for both the 

experimental gr·oup and the control group are significant. 

Further, the t value for the experimental group is still more 

significant than the t value for the control group. Thus, 

the slower students also showed improvement due to the use of 

manipulatives. Unfortunately, due to the limited number of 

pairs in this study, an accurate comparison oft values 

between the low and high achievers in just the experimental 

group could not be justifiably performed. Due to the 
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experimenter 1 s observations, this is an area well worthy of 

further study. However, if manipulatives keep slower 

students on task and out of trouble, they also t1ave numerous 

other benefits for the classroom teacher. 

Examining the same hypothesis as in Exhibits 5 and 6, t 

tests were performed on the differences between the 

quadrilateral chapter test scores and the average scores of 

the previous chapter tests for the same nine pairs of 

stud~nts. The data and t test results for these average or 

below average students are presented in Exhibits 7 and 8. In 

Exhibit 7 the obtained value fort in the experimental group 

is not significant, and the null hypothesis is supported. 

Oddly, the t value for the control group is significant in 

Exhibit 8. One 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 

inconclusive. Thus, the benefits of using manipulatives with 

slower and underachieving students remains a topic for 

further study (Thornton 38). 
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ATTITUDES. 

Another area of interest was whether using manipulatives 

causes a positive improvement in students' attitudes toward 

geometry, A student's attitude toward a subject has a great 

influence on his performance. According to Jacobs (1974), 

"attitude is positively cor-1-ela.ted U4ith achie\/ement;; {Dessar t 

23 >. 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 in the 

students. 

In order to measure changes in the students' attitudes, 

an attitude test was administered before the unit was begun 

and again after the unit was completed. In Exhibits 9 and 

10, the students' scores on the pretest and the posttest for 

both groups are presented. The t test results for both 

groups are also given in Exhibits 9 and 10. The obtained 

value fort for the control group (Exhibit 10) is 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, Ewhibit 9 does s~1ow a 

significant t value for the experimental group. Thus, the 

use of manipulatives did produce a positive improvement 1n 

the students' attitudes toward geometry. 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 in attitudes of the students who used 

manipulatives is very well supported. The students seemed 

interested and occupied when using the manipulatives, and 

this was well documented by the test results. 
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LEARNING STYLES 

As a link between attitudes and learning styles, the 

comments by experimental students on a questionnaire given 

after the unit was completed have been compiled. Their 

responses were sorted by learning style (visual, auditory~ 

and kinesthetic). Some selected responses have been chosen 

for inclusion in this thesis. Surprisingly, even though 

manipulatives are not envisioned to help auditory learners. 

one auditory learner commented. 11 The manipu.latives made the 

theorems easier to understand. '1 One above average, 

kinesthetic learner commented that manipulatives helped, 

11 Especia.lly the locus models, if I didn't have them I 

wouldn't have known it." One below average, kinesthetic 

learner commented, 11 In the textbooks it just shows you one 

side, but the manipulatives give you a three-dimensional 

A below average, visual learner said, 11 Everybody 

enjoys having time out from always writing and trying to 

learn from what the teacher is doing." Another below 

average, visual leat-ner admitted, "Manipulatives made me pay 

attention, more than just looking at the book." Finally, 

another below average, visual learner declared, "I think my 

grade in this class went up because of the manipulat1ves. 

They made me understand it completely." From these comments, 

manipulatives clear·ly 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 six kinesthetic learners 1n 

both the control and experimental groups are presented. The 

average score 1n each categor·y has also been calculated. 

Evaluating these scores, the visual experimental group scored 

the highest, followed by the kinesthetic control group. 

Althouqh the visual experimental learners 1 result was in 

accordance with expectations, 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 Exhibit 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 

gi-oup a very significant t value of 4.079 was calculated as 

to be expected. Exhibit 13 presents the same data for the 

visual control group. Here, the t value is not significant 

in accordance with the hypothesis of this research. The t 

tests were not performed for the auditory learners since only 

one student was in this category 1n both the control group 

and the experimental group. However, in Exhibit 14 very 

interesting results are found for the kinesthetic 

experimental group. The obtained value fort is very 

significant. In contrast, the kinesthetic control group 

results in Exhibit 15 reveal at value which is not 
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significant. This is surprising considering their first 

place showing in Exhibit 11. One reason for this is that 

these students are high achiev2rs and scored well on their 

pretests~ Thus~ there was not much room for impr·ovement. 

Returning to Exhibit 14, the kinesthetic experimental group 

is not a strong group of learners, as evidenced by their 

pretest scores. In fact, the total post score in Exhibit 14 

is less than the total pre score of the control group i,1 

Exhibit 15. Thus, the comparison made in Exhibit 11 1s too 

general to be accurate and informative. However, the 

significant t value for this group lends support for the use 

of manipulatives with kinesthetic learners. The 

manipulatives were designed for this type of learner and 

obviously proved to be effective. To summar-ize the results 

of the t tests, no sigr,ificant improvements resulted in 

either of the control groups (Exhibits 13 & 15). The 

manipulatives produced a significant improvement in the 

scores of the kinesthetic experimental learners <Exhibit 14). 

The mast impressive results occurred with the visual 

experimental group (Exhibit 12). This qroup had the lowest 

total pre score 126) of any group analyzed, well below the 

kinesthetic experimental group's score of 45. The low 

ability, vist~al experimental group showed a phenomenal 

improvement. Their post score of 82 was only two points 

below that of the high ability, kinesthetic co11trol qroup. 

39 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Obviously, this group responded most dramatically to the use 

manipulatives in t~rms of pretest a11d posttest scores. 

In Exhibit 16 the chapter test scores of both the contr·ol 

group and the e•perimental group have been categorized 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. Not much variation in scores was evident among 

the other classifications~ For this reason. 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. Once again, t tests could 

not be performed to find the improvement of the auditory 

learners since only one student was classified in this 

manner. Although the greatly improved, visual experimental 

learners had the greatest obtained value fort, none of the t 

tests in Exhibits 17 through 20 were conclusive since the 

obtained t values were less than the critical values fort. 

Thus, no improvements in achievement due to the use of 

manipulatives were evident from the analysis of the chapter 

test scores. 

Another method of comparison chosen was examining the 

number of correct responses to open ended questions on the 
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posttest. 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 pusttest 

question four is stated, and the students 1 scores are 

presented. For every correct fact answered, the students 

received one point. In Exhibit 21 their raw scores are 

classified according to the learning styles of the students, 

and the average score for each category has been calculated. 

Or1ce again, the slower, visual experimental students made a 

surprising showing, having the highest mean scor·e of all of 

the categories. This group was closely followed by the 

academic, kinesthetic control group. The mean scores of the 

auditory and kinesthetic e>:perimental learners were third arid 

fourth respectively. Thus, allowing for the exceptional 

study habits of the kinesthetic control group, the 

experimental students achieved the highest scores on 

recalling facts about diagonals. Hopefully, this 1s due to 

the extensive use of geostrips to teach the section of 

diagonals to the experimental group. If so, manipulatives 

also help to improve the recall of the students who use 

them in the lear11inq process. The raw scores from questior, 

six 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 differer1t categories 

of learners. Perhaps the nature of this question was too 

general or open for the students to give detailed responses. 
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Whatever the reason~ the analysis of question six was 

inconclusive. In addition to Exhibit 21, further tests of 

this type would be necessary to yield supporting evidence for 

the claim that manipulatives increase students 1 1~etention 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. Tt1e scores on these instr·uments have been 

analyzed to determine it the use of manipulatives effected an 

improvement in students' achievement or attitudes toward 

geometry. Another- dimension of the research was to determine 

the cognitive styles which benefited most from the use of 

manipulatives. Having described the results of the t tests 

on this data, the experimenter must now present the 

limitations of this research and draw the findl conclusions. 
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EXHIBIT 1 

CUMULATIVE BCORES ON ECIUAL. SECTIONS 
EXPERIMENTAL GROUP 

PRE POGT DIFFERENCE DIFFERENCE 
SCOF:E SCOl~E ( PF:E':-PClST) SDUAf~ED 

---------- ---------- ---------- -----------
STUDENT 1 7 7 0 0 

STUDENT 0 

·-· 6 15 --9 B1 

STUDENT 3 ' 10 -4 16 c, 

STUDEl'H l, 6 -::)·"'.) c .. C-. -·:l6 2~;6 

fHUDENT 5 11 13 -[~ 4 

STUDENT 6 2 8 -6 :i1S 
GTUDENT 7 ~ ,, 24 --· 19 361. 

STUDENT 8 8 1 C?. ·-4 16 
STUDENT 9 '·t 14 .... 5 r")C::' 

c .. .J 

STUDENT 10 3 1 1 -·B t.>4 

GTUDENT l.1 '~ El -4 16 

STUDENT 12 3 7 -l, 16 

---------·-·-· -------·----- ·-··----·-·-- ------·-----

TOTALS 70 15:l ·-·81 891 

THE TDT/sL NUMBEf': OF SUBJECTS ( N) 

N -- 12 

THE STANDARD DEVIATION OF THE DIFFERENCE SCORES 

Sd :::: 

THE MEAN OF THE DIFFERENCES (PRE-POST) 

--
>: = --(:.1" 75 

THE OBTAINED VALUE FOR t 

t = l,. :I. 80 

THE CF: IT l C/.iL \!ALUE FOP t < N·-· 1 , @. O::i l 

t :::: 1 • '}91..; 
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EXHIBIT 2 

CUMUU',T I VE SCORES ON EC'UAL. SECT IONS 
CONTRDL. GPUUP 

PRE POST DIFFERENCE DIFFEPENCE 
:=3CC!F!E scor~E ( F'F:E -POST) SDLIARED 

---------- ---------- ---------- ----------
STUDENT 1 9 19 --10 :LOO 

STUDENT 2 10 9 1 1 

STUDENT 3 6 1 El --12 11-tl.+ 

STUDENT '+ 6 6 0 0 

STUDENT i:::· .. , 1 "' ,_ 16 ··-4 16 

STUDENT 6 18 23 ~ -- .... , 25 

f.HUDENT ''? 12 12 0 0 

STUDENT 8 13 19 ··-6 36 

STUDENT 9 1 i., 23 ··- .. i' 4'~ 

STUDENT 10 h 6 0 0 

STUDENT 1l. '+ C:' 
,0 -·1 1 

STUDENT 12 8 9 -·· 1 1 

···--·-- .. ---- -·· ·-· -- ·- '"" --- -· ----.. ·------··- -- -- ·- ·- ·- -· """ -· 

TOTALS 120 165 --4::j 373 

THE TUTAL NLIMBEF: OF SUBJECTS IN) 

N = 12 

THE STANDAF:D DEVIATION OF THE DIFFEPENCE SCOF:ES 

Eld ::::: 4.309 

THE MEAN OF THE DIFFEF:ENCES CF'F:E-F'ClSTl 
.•.. 
X ::::: --3 .. 7~5 

THE OBTAINED VALUE FUF: t 

THE CF:ITICAL VALUE FOR t (N-1,@.051 

t = 1 • 7'.i6 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EXHIBIT 3 

CHAPTER TEST SCOF!ES ON EQUAL. SECTIONS 
EXPERIMENTAL. GROUP 

PRE CHAPT. 5 CHAPTER 5 
SCORE SCOPE 

STUDENT 1 '76 78 
STUDEMT CJ ~. 81 82 
STUDENT 3 93 90 
STUDENT 4 57 BO 
STUDENT ~::-

.J 93 88 
STUDENT 6 65 66 
STUDENT '7 69 70 
STUDENT 8 78 86 
STUDENT 9 98 HB 
STUDENT 10 60 74 
STUDENT 11 ::;t+ 44 
STUDENT 1 ., 

C. fJO 82 

____ ., ________ -·---- -- -- - -· ---

TOTALS 904 928 

THE TOTAL. NUMBER OF SUBJECTS (Nl 

N -- 12 

DIFFERENCE DIFFERENCE 
SDUAF:ED 

---------- ----------
--2 L; 

-- 1 1 
3 9 

-c?.:'i ~.)29 
~:i .-.,i:::-c .•• , 

-1 1 
·-1 1 
-B 64 
1 () 100 

--14 196 
10 100 
-··2 4 

--- --- -·- -- --· ·-· -- -- ..... -· ·-·· - ·-· ·-

·--2L.t 103L; 

THE i:,TP,ND~\Fm DE'.IIATION OF THE DIFFEF:ENCE SCOPE!:, 

Sd = 9.46B 

THE MEAN OF THE DIFFERENCES 

X ::::: ·-2 .. 00 

THE OBTAINED VAL.IJE FOR t 

t ::::: 0 a 7:3C! 

THE CPITICAL VAL.LIE FOR t CN-1,@.051 

t = 1.'796 
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EXHIBIT t+ 

CHAPTER TEST SCORES ON EOUAL SECTIONS 
CONTFWL.. GF::rJUP 

F'F:E CHAF'T . 5 CHAPTEF: 5 
SCORE SCORE 

DIFFERENCE DIFFERENCE 
!:iC!LJ/1RED 

STUDENT 1 7~· ,, 88 ··· l. 3 169 
STUDENT f? 83 86 --3 9 
!3TUDENT 3 92 90 E! i+ 

STUDENT 4 60 78 -- 18 '.:Jf_:'.Lt 

STUDENT ~-,, 9B 96 c., ~- 4 

STUDENT 6 67 8f'~ --· 15 '")")C" c:.c.: ... J 

f3TUDENT 7 69 60 9 8l. 
STUDENT E3 7'-? 96 -l.7 f.~89 

STUDENT 9 96 9"' ,_ 4 16 

STUDENT 10 t:)6 82 ·-16 2!36 
STUDENT 1l. 61 bi:..~ ··· 1 l. 
STUDENT 12 B8 8" 6 ,l6 

-··--·--·----·-- -- ·-- ·-- -- _,. ·-·- -- -----·--·--- ·---·-···-·-·--··-

TOTALS 9:34 99'+ ·-·60 l. 411+ 

THE TOTAL NUMBER OF SUBJECTS IN) 

N - 12 

THE ST{"NDAFW DEVI/HION OF THE DIFFERENCE SCOPES 

Sd :::: 10.063 

THE MEAN OF THE DIFFEPENCES 

--x :;;;: --~i .. 00 

THE OBH.\INED VALUE FOH t 

t = 1.?,e1 

THE CPITICAL VALUE FOP t CN-1,@.05) 

t = 1 .. 796 
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EXHIBIT ::i 

ACHIEVEMENT 
EXPERIMENTAL GROUP 

PRE POST DIFFERENCE DIFFERENCE 
c,CO!":E !3COF:E ( Pf~E--POST) !:-lUU?\RE:D 

---------- ---------- ---------- ----------
flTUDENT l. ''? '7 0 0 

STUDENT E! 6 15 --9 8:l 

STUDENT 3 6 22 -16 256 

STUDENT L; 2 8 -6 36 
fc3TUDENT ,: 

,J 
~ 
._J 2'+ ··· 19 ::l61 

STUDENT (; 8 12 -·'·} 16 
STUDENT 7 :::1 1 1 ···8 64 
STUDENT B 4 8 --4 16 
STUDENT 9 3 7 -4 16 

-------·---- -- -· --· ·---· -· - --- -----·----·· -- ·····----·--·------

TClH\LS 4'+ 11 '+ ---70 El46 

THE TOTAL t•HJMBEF: OF SUBJ"ECTS ( N l 

N --- 9 

THE STANDARD DEVIi\TION OF' THE DIFFEF:ENCE SCORES 

b n 1 Lj-(} 

THE MEAN OF THE DIFFERENCES (PRE-POST) 

·-x = ·-7 ~ 778 

THE OBTAINED VALUE FOR t 

t = 3.800 

THE CRITICAL VALLIE FOR t CN-1,@.051 

:t d 860 
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EXHIBIT 6 

/\CH I EVEMENT 
CONTHOL GROUP 

PRE F'OST DIFFERENCE DIFFERENCE 
SCORE SCORE IF'RE-POSTI SQUARED 

---------- ----------- ---------- ----------

STUDENT l. 9 19 -10 100 
STUDENT 2 10 9 1 1 
EiTUDENT :3 6 6 0 0 
STUDENT 4 4 
STUDENT c:· _, 1 C) ~-
STUDENT 6 13 
STUDENT '7 
STUDENT 8 
3TUDENT 9 

T Cl T/-',L. S 

THE Tcrr.:iL NUMBEF: OF 3UBJECTS ( N) 

N ... '7 

12 
lE~ 
19 

6 
~.i 

97 

--8 
0 

·~~6 
0 

-1 
-l. 

THE STP,NDl',F:D DEVIATION OF THE DIFFERENCE SCORES 

Sd :::: '+ .. 086 

THE MEAN OF THE DIFFERENCES (PRE-POST) 

X = --2. T78 

THE OBTAINED VALUE FOR t 

t ::::: E!" 6 040 

THE CRITICAL VALUE FOR t IN-1,@.051 

t ,a 1 • 860 

64 
0 

1 
l. 

i.?.03 
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EXHIBIT 7 

ACHIE\/EMENT 
EXPEF:IMENH\L.. cmrn .. tP 

PRE CHAPT. 5 CHAPTER 5 
SCORE SCORE 

faTUDENT 1 76 ?f.l 
STUDENT E~ 81 m, 
STUDENT 3 57 80 
STUDENT ,, t'J5 66 
STUDENT ~::· ,_, 69 70 
'.3TUDENT 6 78 86 
E,TUDENT '7 60 74 
STUDENT B 5L• 44 
STUDENT 9 80 82 

TOTAL..b 66[~ 

THE TOTAL. NUMBER OF SUBJECTS (N) 

N ... 9 

DIFFERENCE DIFFERENCE 
SOUARED 

••M•2 4 
-1 1 

... "::=~:3 5[~9 
--1 1 
... 1 1 

··-8 6'+ 
•· 11-t 196 

10 100 
2 Lt 

900 

THE ST/~NDP,F:D DE\/H,TION OF THE DIFFERENCE SCOF:ES 

Sr.1 = CJ .. ~181 

THE ME ms! OF THE DIFFERENCES 
MH, 

X == -·L~ .. 667 

THE OBTAINED \/AL..UE FOR t 

t = 1.4"12 

THE CRITICAL. \/AL..UE FOR t CN-1,@.051 

t '" 1 . 860 
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STUDENT 1 
STUDENT 2 
STUDENT :3 
STUDENT , .. 
STUDENT t:';' 

,.J 

STUDENT 6 
STUDENT '7 
STUDENT B 
STUDENT 9 

TOTALS 

EXHIBIT 8 

ACH I E'·/EMENT 
CONTROL. GROUP 

PRE CHAF'T. 5 
scom: 

•7r;;." 
, '"! 

83 
60 
6'7 
69 
79 
66 
61 
88 

CHAPTER 5 
SCORE 

ElB 
86 
78 
82 
60 
96 
13<:! 
62 
82 

? 1. "' 

THE TOHiL NUMBER OF SUBJECTS ( N) 

N -· 

DIFFERENCE 

-13 
--3 

-18 
-15 

">' 
--1 '7 
--16 

-- 1 
6 

--68 

THE STANDAF,D DEVIATION OF THE DIFFU,E:t·-!CE SCORES 

Sd :=~ J.0.466 

THE MEAN OF THE DIFFERENCES 

THE OBTAINED VALUE FOR t 

t = E.!.166 

THE CRITICAL VALUE FOR t CN-1,@.051 

t = 1 .. 8l,O 

DI FFEF:ENCE 
:30U?\F<ED 

1.6'7 
9 

324 

81 
289 
2~56 

:l 
:-l6 
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STUDENT 1 
STUDENT 2 
STUDENT 3 
STUDENT 4 
STUDENT ~· .. , 
STUDENT 6 
STUDENT '7 
STUDENT 8 
STUDENT r:'"i 

STUDENT 10 
13TUDENT 11 
STUDENT 12 

TOTALD 

EXHIBIT ·c; 

ATTITUDES 
EXPERIMENTAL GROUP 

PF:E F''OST DIFFEF<ENCE DIFFEF<ENCE 
SCORE EiCORE ( PF!E--·F'ClST) SQUAf~ED 

---------- ---------- ---------- ----------
1.71 1.71 0.00 0.00 
0.57 0.57 0.00 0.00 

-0.29 0.43 -0.71 0.51 
-0.43 0.57 -1.00 1.00 

1.29 1.00 0»29 OM08 
-0.29 1.00 -1.29 1.65 
-0.29 0.43 -0.71 0.51 
0.86 1.14 -0.29 0.08 
0.00 0.00 0.00 0.00 
0.14 -0.29 0.43 0.18 

-0.'71 -0.14 -0.5'7 0.33 
0.29 0.29 0.00 o.oo 

6.71 ···3. !::16 4. 3~.J 

THE TOTAL NUMBER OF SUBJECTS IN) 

N - :lP 

THE STANDAFm DEV I AT I DN OF THE DI FFEF~ENC:E SCOREi:., 

Sci ::;; 0. 5'.31 

THE MEAN OF THE DI FFERENC:E:3 (PRE-POST) 

X •= -0. 321 

THE OBTAINED VALUE FDR t 

THE CRITIC/~L. VALUE FOR t (N·-1,;;).05) 

:l • 7'16 
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'.cnUDENT l. 
STUDEMT 2 
EiTUDENT 3 
STUDENT Lf 

STUDENT i:;~ ., 
STUDENT 6 
STUDENT 7 
STUDEl'•.IT 8 
STUDENT '7 
BTUDENT 10 
STUDENT 1l. 
STUDENT 12 

TOTALS 

EXHIBIT 10 

ATTITUDES 
CONTF,OL GF,OUI"' 

PRE PDf3T 
SCORE SCORE 

-1.29 0.43 
-0.86 -1.00 

0. 00 0. 14, 
-0.29 1.00 

1 n ()(i () ff ~-:j7 
-1.00 -1.71 
-0.43 0.57 
2.43 
1 .. 00 
1 .43 

-1 • 4:3 
1 • 5r7 

2 .. 14 

E~. 29 
l." l.4 

-1 . Lt3 
·-0 .. 8l> 

1. 00 

2. 1 lt 

THE TOTAL NUMBER OF SUBJECTS (Nl 

N - 12 

DIFFERENCE DIFFERENCE 
(PRE-POST) BOIJARED 

-1.71 2.94 
0.14 0.02 

-0.14 0.02 
-1.29 1.65 

O.t.:t:3 0 .. 18 
o.?l o.~j1 

-1.00 1.00 
0. 1 lt 

-·O. l.4 
2.86 

·-0 .. ~;7 
0.57 

0.00 

0. OE! 
0 .. OE~ 
i:I. 16 
0. 3'.J 
0.33 

THE BT?\NDl'iF:D DEV I AT ION OF THE DI FFEF':ENC:E SC:CiREEi 

1 .. 1 '75 

THE MEAN OF THE DIFFERENCES (PF:E-POSTl 

-
X "' 0.000 

THE OBTAINED VALUE FOR t 

t =~ () n 000 

THE CR l TI C/"l- V/"LI.JE Ff.m t; C N--1 , ;i). 05) 

t =- 1 • 796 
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LEARNING STYLE: 

VISUAL 

MEAN -

AUDITORY 

KINESTHETIC 
-----------

MEAN = 

EXHIBIT 11 

POSTTEST AVERAGES 

CONTROL 

19 
18 
12 

6 
9 

64 

12.8 

6 

9 
16 
12 
19 
23 
~ 
0 

-----
84 

14 

EXPERIMENTAL 

15 
10 
22 

1 1 

82 

16.4 

8 

7 
13 

8 
12 
14 

7 
-----

61 

10.2 
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EXHIBIT l.,e 

Ii ISUAL. 
EXPERIMENTAL. GROUP 

PRE POST DIFFERENCE DIFFERENCE 
SCORE SCORE CPRE-POSTl SQUARED 

STUDENT 
STUDENT 
STUDENT 
STUDENT 
STUDENT 

TDTi,,LS 

1 
:;~ 
3 
L+ 
~-__ , 

6 
6 
6 

3 

26 

THE TOTAL. NUMBEF: DF SUBJECTS ( N) 

N ·- 5 

lt":1 
10 
22 
21~ 
l1 

8 ., 
c .. 

-9 
... ~t+ 

-·16 
-l.9 
-8 

~-56 

THE ~,TANDP,RD DEVH\TION OF THE DIFFEf,ENCE scom~s 

Sd = tJ.1L~O 

THE MEAN DF THE DIFFERENCES (PRE-POST) 

-· 
X = --11 • 200 

THE OBTAINED VAL.LIE FOR t 

t =- 4.07'1 

Tl-lie: CR IT I C/,,L. VAL.LIE Fm, t ( N-1. , o). 05) 

Bl 
16 

E!56 

7?B 
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STUDENT 1 
STUDENT '':) ,_ 
STUDENT :, 
STIJDEMT ,, 
'.3TLIDENT :s 

TllT/'1L.E, 

PRE 

EXHIBIT 13 

'.JI SUAL 
CONTFmL. Gf':CJUP 

F'OST DIFFERENCE DIFFERENCE 
SCORE SCORE I PRE-POST) SQUARED 

9 19 -10 100 
6 18 -12 144 

12 12 () 0 
6 6 0 0 
8 9 -1 1 

41 64 2 -1 •~H ,: 

THE TCIT flL NUMBER llF SUBJECTS ( N) 

M -

THE STANDARD DE'.JIATillN llF THE DIFFERENCE SCllRES 

Sci ca 5,.899 

THE MEAN OF THE DIFFERENCES I F'RE·-F'DST) 
..... 
X :;; -·4 .. 600 

THE UBT/UNED \IALUE FOF: t 

THE CR IT I CP,L. 'JALLIE FfJR t ( N-1 , ;j). 05) 

2. 132 
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STUDENT 1 
STUDENT "' c:. 

STUDENT 3 
STUDENT 4 
STUDENT r-· ,., 
STUDENT <=> 

EXHIBIT 14 

f<INESTHETIC 
EXPERIMENTAL GROUP 

PRE POST DIFFERENCE DIFFERENCE 
SCORE SCORE (PRE-POST) SQUARED 

7 7 0 0 
11 13 --2 ,, 

7 8 -1 1 
8 12 -4 16 
9 14 -5 25 
3 7 -4 16 

TOTALS 45 61 -16 62 

THE TOTAL NUMBEF: OF SUELTECTS ( N) 

N -

THE STANDl',PD DEV I AT I ON OF THE DI FFEl'lENCE f3CDRE'.'3 

Sd = 1 .966 

THE MEAN OF THE D1FFERENCEf3 (PRE-P0f3Tl 
... 
X ::.-= -2a66? 

THE OBTAINED VP,LLIE FDF: t 

t = 3.322 

THE CRITICAL VALLIE FDF: t IN-1,@.05) 

t = E'.~015 
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EXHIBIT 1:=.; 

t< I NESTHET IC 
CONTROL GF:CIUP 

PRE POST DIFFERENCE DIFFERENCE 
SCOl":E SCORE ( PF:E-·PlJST l SQUAF:ED 

STUDENT 1 10 9 1 1 
STUDENT 2 1E! 16 --4 16 
STUDENT 3 18 j C) .~. 6 36 
STUDENT 4 13 19 -6 36 
STUDENT ~ 

"' 16 23 -7 '+9 
STUDENT 6 4 5 -1 1 

---·--- .. --·-·- - ·-· .... -·--- -· -· ·-·------··-- ---·-·------

TOTALS 7::.'i BL), -1 1 13'-t 

THE TOTAL NUMBER CIF SUBJECTS IN) 

N -· 6 

THE STANDAF:D DEVIATION OF THE DIFFEF:ENCE SCORES 

Sd :::: 4.875 

THE MEAN lJF THE DIFFERENCES CPRE-POSTl 

X = --1.83:3 

THE OBTAINED V?\LUE FUR t 

t = 0.921 

THE CF:ITICAL VALUE FUR t IN-1,@.051 
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EXHIBIT 16 

CHAPTER TEST AVERAGES 

CC\NTF:IJL 

L.EARN I Nf3 STYLE, 

VI SI.J/~L. BB 
90 
6() 
B2 
82 

-·-----
402 

BO .. t+ 

/~UD I TORY 78 

KINESTHETIC 86 
-----·---·· -· - -·--··- 96 

82 
C/6 
9f~ 
6'-.~ 

------
5l4 

MEAN -· Be::· '7 
._J " I 

EXPERIMENTAL 

8'·"' ·-90 
80 
70 
'74 

---------
3'16 

'7'1 " ,! 

7B 
8B 
66 
B6 
88 
82 

·-· -·- ··-- -·-

488 

81 .3 
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EXHIBIT :1.7 

VIBUhL 
EXPERIMENThL GROUP 

STUDENT 1 
STUDENT 2 
STUDENT 3 
STUDENT 4 
STUDENT ~ 

'"' 

TOTALS 

PRE CHAPT. 5 CHAPTER 5 
SCORE 

81 
'J:3 

60 

SCORE 

BC~ 
90 
80 
'70 
74 

396 

THE TOTAL NUMBER OF SURJECTS ( N) 

DIFFERENCE DIFFERENCE 
SQU?,F:ED 

-1 l 
:3 9 

--E!:~1 529 
-1 l. 

-14 196 

736 

THE STANDAFm DEV I hT HlN OF THE DI FFEREI\ICE SC:ClHES 

10.91El 

THE MEAN OF THE DIFFERENCES 

-·-x = -·-'} ~ f.~00 

THE OBTAINED VALUE FOR t 

t = 1.475 

THE CF: IT I CAL. VALUE FClF: t ( N-1 , ;i). 05) 

2 .13i:'! 
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STUDENT 1 
STUDENT ,, 

C. 

STUDENT 3 
STUDENT 4 
STUDENT 5 

TCJTALB 

EXHIBIT 18 

VI :':>UAL 
CCJNTF:CJL f3HDUP 

PRE CI-U',F'T. 5 CHAF'TEF: '.:i 
SCCJRE SCCJRE 

'7~i 
92 
6'"/ 
66 
88 

390 

BB 
90 
60 
8C~ 
BE2 

402 

THE TCJTAL NUMBER DF SUBJECTS CN) 

DIFFERENCE DIFFERENCE 
SD\JAF!ED 

--l 3 
2 
9 

·-16 
6 

169 
Lt 

81 

C.." f. I '"°' +o 

THE STisNDAHD DEV I AT I CJN OF THE DIFFERENCE tlCDRES 

Sci ~-.:: 11.371 

THE MEAI\I DF THE DI Ff"ERENCES 
... ~ 
X = 

THE DBTAINED VALUE FDH t 

t = 0.472 

THE CRITICAL VALUE FDR t CN-1,@.05l 

E\ .. 132 
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EXHIBIT 1'-? 

r:: I NESTHET IC 
EX PER I MENT/-\L. GRCIUF' 

PRE CHAF'T. 5 CHAPTER 5 
AVERAGE SCCIRE 

STUDENT 1 71::) 7B 
STUDENT 2 '-?3 8~3 
STUDENT 3 6'.'.:.) 66 
'.3TUDENT 4 78 86 
S,TUDENT ~-=.i 98 88 
STUDENT 6 80 82 

·-------·-·--
_ .... _______ 

TOT/aLS l~90 lt88 

THE TOTAL. NUMBER CIF SUBJECTS (N) 

N -- 6 

DIFFERENCE DIFFERENCE 
SOUARED 

-·2 ,, 
c, _, 2c· CJ 

-.. 1 1 
-8 {:,t+ 

10 1.00 
-c~ 4 

·- .. _ ·- -- -·- -- -- - ----·-·--·-·-

2 1 '-?8 

THE STAND/,,RD DEVIATICIN DF THE DIFFERENCE SCORES 

Sd = CJ .. (282 

THE MEAN CIF THE DIFFERENCES 
..... 
X =- 0.333 

I THE UBT/,\ I NED VALUE FDIC: t 

I 
I 
I 
I 
I 

t = 0. 130 

THE CRITICAL VALUE FOR t CN-1,@.051 

t = 
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E:XHIBIT 20 

t<INESTHETIC 
CONTRDL GPOUI"' 

PRE CHAPT. 5 CHAPTER 5 DIFFERENCE DIFFERENCE 
AVERAGE SCORE SQUARED 

STUDENT 
STUDENT 
f:1TUDENT 
STUDENT 
STUDENT 
STUDENT 

TOTAU, 

1 
'.:;) ·-
3 
4 
5 
6 

E.13 
98 
6'7 
79 
1:::;6 
61 

L,84 

THE TOTr-lL NUMBER OF foUBJ"ECTS ( N) 

N ·- 6 

-·3 
2 

-··l 5 
--1? 

4 
-1 

-30 

THE STANDAPD DEVIATION OF THE DIFFEPENCE SCORES 

8.877 

THE MEAN m= THE DIFFEF\ENCES 
.~ .. 
x = -::;.ooo 

THE OBTAINED VALUE FOR t 

t. :::: 1 .. '.380 

THE Cf':ITIChL VALUE FOR t (N-1,@.05i 

2 .. 015 

9 
4 

22~.i 
289 

16 
1 

544 
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LEAF:MING STYLE, 

VI :.;;ut~L. 

ME/~N --

/~IJD I TOF<Y 

I< I ME!3THET IC 
·--H-H--·-----·-

MEAN = 

EXHIBIT ,~1 

POSTTEST QUESTION 4 

CONTF<OL.. 

4 
3 
E! 
1 
4 

2. El 

1 

6 
7 
0 
El 
6 
2 

--·-·--
29 

4.8 

EXF'EF: I 11ENTAL 

2 

1 

2 ~ ..., 

,:::· 
·-' 

4 

'.3 
6 
(l 
)!;~ ,., 
6 
0 

·----···· 
PO 

3.3 
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l...E~\m, I NG STYLE, 

\/ISUAL. 

MEAN -

AUDITORY 

KINESTHETIC 
--" -·-·-·- ·-·--··---·-

ME/;N --

DUEffT I CIN 6 

EXHIBIT '"2 

POSTTEST QUESTION 6 

CONTROL 

2 
1 

1 
1 

7 

2 

0 
r.::· 
,.I 

0 
2 
1 
l. 

--·····----
9 

1 ~ 
• ,.! 

E XF'EF< I MENTAL. 

2 

3 
1 
0 

8 

1 .. 6 

0 

1 
3 
1 ,, ,_ 
1 
l. 

---··---
9 

1 r-. _, 

State all that you know (other than W2 -· XY) from the 
following figure: 

trc:q ... H?zt:,id 

WXYZ 
X 

y 
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LIMITATIONS 

For a variety of reasons, several limitations exist to 

the validity and completeness of this research. As orte 

constraint, changes in attitude or achievement may have 

occurred solely as a result of having a new (student) teacher 

with a different teaching style. Another constraint on the 

research was the difference in class size between the 

experimental group and the control group. For cor1sister1cy, 

the experimenter paired the students between the two gro11ps 

based on ability, as determined by their pretest scores and 

average scores on the previous chapter tests. Obviously, 

when determining the pairing of the twelve sets of students, 

judgment errors could have easily been made. In order to 

identify the students' learning styles, an instrume11t was 

designed by the expe1-imenter and the thesis advise,·. The 

questions on the instrument were straightforward, designed to 

indicate stu~ents' learnir1g styles without ambiguity. 

However, this instrument had not been tested for validity 

before its use in this research. 

another possible source of error. 

Therefore, this factor 

Finally, since the 

15 

manipulatives were only implemented in one group of twelve 

students, the results cannot be generalized; they must remain 

applicable only to the experimenter's third period, 

experimental geometry class. 
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IMPLICATIONS FOR FUTURE RESEARCH 

In many studies of the be,1efits of using manipulatives. 

researchers have focused on standardized tests as measures of 

achievement. In this research analyzing the results of the 

quadrilateral 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 

reason~ future research should be geared at analyzing 

benefits from many different angles in various areas. For 

example, observing the students, the experimenter noticed the 

benefits of students helping teach other students how to use 

the manipulatives. Through their explanations to other 

students~ these students gained confidence and more expertise 

with the topics at hand. Benefits of students teaching other 

students have been documented by Gartner (16), and futu~e 

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 students and 

adapt their instruction accar·dingly. Further research should 

be done 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 

rnanipulatives with low achieving students especially. 

However. the limited number of pairs in the experimental 

group prevented an accurate comparison of the improvemer1ts of 

low achievers with the improvements of high achievers. 

would be a direction well worth further investigation. 

Finally, the use of two posttest questions to determine 

conclusive evidence of increased retention due to 

manipulatives should be supported by further measures. 

research to this effect has been done by Suydam (10). 

Since mathematics is a buildir.g discipline~ retention 

This 

Some 

is vital; more reseach in this area is justified. Thus, due 

to the limitations, as well as the results, of this research 

many directions for future research on manipulat1ves have 

been suggested. 
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CONCLUSION 

After planning lessons to include manipulatives, teaching 

the unit, administering tests, pairing students, and 

analyzing the results oft tests, the experimenter has drawn 

several conclusions from the research in answer to the 

questions posed by the thesis statement. From the analysis 

of the data, the experimental group experienced significant 

improvements over the control qroup in achievement based on 

their scor-es on the pretest and the posttest. As measured by 

the semantic differential, the attitudes of the experimentdl 

group toward geometry were much more positive than the 

control group's due to their exposure to manipulatives. 

Finally, visual learners seemed to benefit most from the use 

of 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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