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ABSTRACT

Anne Lawrence Hudock, The Effect of Graphing
Caleulator Use in Algsbra One, 18986, J. Sooy,
Mathematics Education.

The purpase of this study was to compare the learning of basic concepts
of analytic geometry by studenis instructed with graphing calsulators to that of
students instructed by traditional methods. Three chapters, covering the basic
concepts of analytic geometry, were faught to two separate algebra ong classes
at Salem High School, Salem, New Jersey over a nine-waek period. The
contral group was taught using traditional instruction and the exparimental
group was taught using graphing calculator assisied instruction.

A unit test was administered to both the experimental and control groups
at the conclusion of the study to evaluate student learning. From the resuits of
an independent two-tailed test, it was found that there was no significant

difference between the two groups.



MINI - ABSTRACT

Anng Lawrence Hudock, The Effect of Graphing
Calculator Use in Algebra One, 1996, J. Sooy,
Mathematics Education.

This study evaluated the effect of using graphing caleutators in a high
school algebra ane: unit on the basics of analytic geomatry. Resulls showed
that there was no sigrificant differsnce between scores of the experimental

group and the control group on a unit test.
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CHAPTER 1
Introduction to the Study
tntroduciion

This study discusses the use of graphing caleulaters in a high
schoot algebra clags. This chapter will include the statement af the problem, the
significance of the problem, the limitations of the study, the definition of terms,

and the procedures for implerenting the study.

Background

The Natiohal Council of Teachers of Mathematics has long advocated
the use of calculators at all levels of mathematles Instruction, and graphitg
calculators are no excaption. The availability of graphing calculators has
motivated us to reexarning what and how we teach mathematics. (Dunham,
1884) The NCTM standards on aigebra and functions for grades 9 - 12 were
influanced by the capabilities of emerging graphing calewlator and computer
technology. This tachnolagy supports a vision of school algebra that focuses on
concaptual understanding, symbol sense, and mathematical modeling. {Hirsch,
1985) Graphing calculators allow students to visualize the sffect of & positive
slope versus a negative slope, and a small slope versus a large slopa.

Students can come to conelusions about the slope of a line mora quickly using
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the graphing calculator than by graphing several lines to see the different
changes. This is just one of many examples of how the graphing calcutator can
be used to aid in the instruction of the basic concepts of analytic geometry.
Several studies have been done at both the secondary and collegiate level as
to the overall achievement between two groups, one group using graphing
calculators and one not.  The results have been mixed but encouraging.
(Dunham, 1994}

Statement of the Probiem

The purpose of this study is to compare the learning of hasic concepts of
analylic geometry by students instructed with graphing calculators to that of
stugents instructed by traditional methods. The following hypothesis will be
tested:

Hg: There is no significant difference between the learning of

basic concepts of analytic geometry by students instructed with
graphing calculators and the leaming of those instructed by
traditional methods.

Significance of the Problem

Graphing Is an effective problem solving strategy. It is useful in solving
many problems in real life situations. The importance of understarding the
basic concepts of analytic geometry is recognized by the New Jersay
Department of Education, which includes items on slope, graphs of linear
tunctions and linear pattems in three different clusters an the state High School
Proficiency Test. The graphing caculator is a relatively new innovation which
gives mathematics students a hands on approach with visual stimuli to aid them

i understanding linear relationships. ! this multimodal approach to teaching



the basic concepts of analytic geametry is more sffective than traditional
methods, then use of the graphing calculators should be considered in

mathematical instruction.

Lirnitatigns of the Study

Salem tigh Sehool is a school with enrollment of 542 students. The
percentage of geniors attending a 2 or 4 year college is 35%. The
socioeconomic background of the high school is middle class. The
sample popuiation for this exparimantal study was taken from students enrolied
in two sections of General Algebra One.  The racial make-up of the schooal is
48% African American, 47% Caucasion, 5% Hispanic, 1 % Native American
and .1 % Asian American. There were 25 students In the cantrol group and 10
students in the experimental group. The racial make-up of the contral graup
was 44% African American, 52% Gaucasion and 4% Hispanic. The racial
make-up of the experimental group was 60% African American, 40%
Caucasion. Twenty-eight percent of the students in the contro! group were
repeating the course. Forty percent of the students in the experimantal group
were repeating the course. information sources for this research project are
limited to those available through the Savitz Library of Rowan College and The

MNational Council of Teachers of Mathematios,

Definition of Terms

Basic Concepts of Analytic Geometry. Peint plotting, graphing linear equations,
glope of a line, writing the eguation of a line, parailel and perpendicular linaes,
solving simultaneous equations.
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Control Group: Tha one of two groups that is not subjectad to the experimental
factor or condition, the effact of which is the purpase of the experimsnt to
discover ((Goode, 1872) For this study, it is the group using traditional methods
of mstruction.

Exparimental Group: The one of two groups that is subjectad to the
expernmental factor or condition, the effect of which i the purpose of the
experiment to discover (Goode, 1972) For this study, it is the group using
graphing calculators.

Graphing Calculator:  For this study, the term graphing calculator refers to the
TI-82 by Texas Instruments.

Learning: For this study, learning will refer to the percentages of correct
responses on g unit test.

Traditional Methods® For this study, lecture with demonstration on the
chalkboard and practice with paper and pencil

Proceduras for Implementing the Study

The study was conducted with students enrolled in two sections of
Genaral Algebra One at Salem High Schaol, Salem, NJ, fram February through
March 199G, The subjects were randomly scheduled for the two algetra
classes. The grade levels of the subjects ranged from 9 - 12, however the
rnajority of the subjects were in grade S.

In order to determine if the basic concepts of analytic geometry could he
maore effactively taught using graphing calculators, a course in Algzbra was
taught to two separate classes. The control group and the axperimental group
met for forty-two minutes, five times a week, both groups used the same
texibook, coverad the same topics, and received the same homework
asgignments, guizzes and lests,

The control group was taught using traditional methods of instruction with

graph peper and pencil. For the experimantal group, classtime was devoted
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lecture as well as time for students to utilize the graphing calculators o visualize
the materizal.

Learning was measured using the Publisher's unit test. An
independent t-test was used o measure any significant differences in learning
between the two groups.

The graphing calculator utilized for this study was the TI - B2 from Texas
Instruments. The text used In the Generat Algabra (Ine colrse was Holt
Algebra 1, (1992). Activities used in the classroom to incarparate the graphing

calculator were designed by the researcher.



CHAPTER 2
Review of Related Research and Literature
Introduction

The purpose of this study was to compare lhe learning of basic concepts
of analytic geometry by students Instructed with graphing calculators to that of
students instructed by traditional methods. Related research studies which
investigated the effect of graphing calculator usage on academic achievement
have been done in high schoot algebra, pre-calculus and coliege elemaentary
algebra courses.

The related literature discusses the nead to change the way algebra is
taught, using graphing calcutators to enhance stugdents’ understanding of

functions and graphing concepts

Review of Related Research

Graphing calcuiators are new enough that relatively litie ressarch
concerning thetr use has found its way into educational journals. Doctoral
draserations are the most fruitful sources of research on graphing calculators at
this time,

In each study reviewed the resgarchars compared two or mors graups to

determine the effectiveness of graphing calculator use. In The Effecis of the

Graphing Calculator on the Achievement and Abituds of Coillege Studerts
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gnrolled in Elementary Algebra Thomaseon used & pretest-posttest control

group design . The researcher used two instructors. Each taught three classes,
one each of three modes of nstruction. The three modes of instruction were: 1)
total graphing calculator use by teacher and students, including tests, 2) partial
calculator use by teacher and students, use of caloulator was prohibited on test,
3} no calculator use by teacher or students. The null hypotheses tested ware
that there were ne significant differences among the means of groups on: 1)
algebraic achievement, 2} composite attitude, 3) mathematical attitude, and 4)
calculator attitude. (Thamasson, 1292} The resuits indicated that students in the
total caleulator use group performed better on posttests of achievemeant, but this
was not detetimined to be significant at the .05 level. There was no significant
difference betwaen the two groups in composite attitude or mathematical
attitude. Mowever, the mean of the calculator attitude scores for the total
calculator use group was found to be significantly higher at the 0% jevel than
the mean of non-caiculator use groups.

A similar finding appeared m & study conducted by Scott (1994),
indicating that although it was nat statistically significant, students in an
experimental group which used graphing calcilators scored higher on postiests
than students In a control group which did not use graphing calculators, Scott
conducted his experiment using 170 Algebra 2 students and three teachers.
Conic sections wera taught to the experimental group using the graphing
calculator; the control group was only allowed use of a acientific calculator
during thig six weeks of instruchion. The purpose of Scott's study was to
invastigate not only the effect of graphing calculator use on achievement bt
also the effect it has on user attiiude toward mathematics and confidence in

leamning mathematics. Highly significant ditferehces (p $ < $ .0001) were found
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between the experimental and controf groups in attitude and confidence in
learning mathematics. Scott recommends further research to study the impact
of graphing calculator use over an entire schoo! year.

Ancther study, The Effect of the Graphing Calculater on High Schoal

Students’ Mathematical Achievement, gathered information on the mathematics

achievement of high school students who used a graphing calculator. Chandler
used a directional research hypothesis, which stated that the mathematics
achievernant of high school pre-calcuius students who used the graphing
Calculator to study transformations of functions is statistically significantly higher
than the mathematics achievement of pre-calculus students who do not use it.
(Chandler, 1992) The researcher used the pretest-posttast control group
design. There were 4 pre-calculus classes in the control group and 5 pre-
calculus classes in the experimental group. The study lasted for two weeks and
the results appeared to be significant. The adjusted mean of the experimental
group was statistically significantly higher (p $< $.038) than the adjusted mean
of the control group. (Chandler, 1992) Chandler concluded that there is a
positive increase in understanding and achievement whan students are able o
visualize the concepts on which they are working.

In _Conceptual and Procedural Learning in First -Year Algebra Using

Graphing Calculators and Computers, Ottinger investigated how leaming

concepts prier to procedures affected conceptual and procedural knowlgdge of
algebra. The experiment consisted of a 39 subject experimental group and a
S54- subject control group. The experimental group was instructed using
graphing calculgtors, scientific calculators and computer software for
computation, graphing and symbal manipulation. The control group used only

scientific calculators throughout the experiment. The researcher developed an
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Algebraic Procedure Test (APT) and an Algebraic Concapts Test (ACT). He
also developed and used four guestionaires and thrae interview guides.
Scores on the APT pretest, APT posttest, and ACT pretest were ngt significantly
different, but the experimental group scored significantly highar ar the ACT
posttest. Questionnaires and interviews showed that the experimental group
had & better, more relatiohal understanding of variabtes, functions, and
squations and was better able to apply these concepts, Cttinger concluded that
procedural knowledge is not necessarily a prerequisite for concepiual
understanding, and procadures may be learned more rapidly If there is a strong
conceptual base upon which to organize procedural knowledge. Using
calouiators and computers before pencil and paper instruction dogs not appear
detrimerital 10 learning pencil and papet algorithms and may promote & richer
and more relational understanding of algabra concepts. (Otinger, 19%3)

The resulis of a study by Morris seem to confirm what Ottinger found. In

The impact of Using Graphing Calculators as an Aid for the Teaching and

Learning of Pre-Calculus in & University Setting, Norris found ne significant

difference: between his control group and treatment group in the area of
algebraic sKills. However, in the area of basic function concepts and graphing,
the mean improvement in the performance of the treatment group was
significantly better (p-vaiue = 0.0003) than that of the control group (Norris,
1954).

The Effects of a Visualization-Enhanced Course in College Algebra

Using Graphing Caleulatars and Video Tepes was a study conducted by

Paschal which focused on the effects of a visualization-enhanced instructional
environment on student achievement in College Algebra and student

disposition toward mathematies and technology. The researcher used five
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groups for the study, three treatment groups and two non-traatmertt groups.
Students in the three treatment groups used fully inlegrated graphing calculator
technology. Two of the freatment groups viewed 15 content-oriertted video
tapes outside the clagsroom. Students in the twa non-treatment groups studied
College Algebra without technology. The results of the research revealed that
students in the treatment groups scored significantly higher than the other
students on the problem solving test and the connections test. Students In the
treatment groups were more positive towards technology than the non-
treatmert students at the end of the experiment. Paschal concluded that
graphing calculatars haiped relieve mathgmatics anxiety and equipped many
students with a new conflidence they did nat have bofore using technology. This
confidence enabled them to be better problem solvers.

Quesada and Maxwell reported similar findings (n The Effects of Using

Graghing Caleulators to Enhance College Students' Perfomance in Pre-

Calculus. This study extended through three academic semesters and invoived
710 subjects. The study comparsd the performance of college studenis taught
pre-calcutus using a graphing calculator and a textbook written to be used with
& graphing utility, to the performance of students using the traditional approach,
a regular textbook and a scientific calculator. The results of the study Indicated
that the experimental group scored significantly higher on 2 comprehensive
common final exam than the control group. The researcher believed that
because the exparimental group knew that they wars part of an experiment that
the Hawthorne Effect may have influsnced the results of the study. (Quesada
and Maxwell | 1984)

In an article entitied Research on Graphing Calcutators, Duriham and

Dick present an overview and discussion of some of the results of doctoral
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dissertations involving graphing calculator usage. The authors discuss results
of studies that compare achievement of students who use graphing calculators
with achievement of students who do not use graphing calculators. There
seems to be a difference in the level of achievernent between the two groups.
However, it is generally not considered significant. The significant differences
tend to appear when conceptual understanding is tested. Students using
graphing calculators score significantly higher on tests of conceptual
understanding. Dunhams review of research (1993) reports that many students
who use graphing technology are better able to relate graphs to their equations,
can better read and interpret graphical information, and better uderstand
connections among graphical, numetical , and algebraic representations.
These findings confirm the research of Ottinger (1993), Norris (15994) and
Thomasson (1992).

Punham'’s review of research (1993) aiso supports the claims that
students who used graphing calculators were more successful on problem
solving tests, had more flexible approaches to problem soiving, were more
willing to engage in problem solving and stayed with a probiem longer and
belleved calculators improved their ability to solve probletns. These findings
support the works of Paschal (1994) and Scott (1994), which suggest that
graphing calculators can affect attitudes of students.

The evidence supporting the use of graphing calculators with regard 1o
students understanding of function and graphing concepts, problem solving and
attitudes suggests that graphing calcuators can be a catalyst for mathematics

learning.
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Revigw of Related Lilerature

Fowerful computer software, capable of changing tha way mathematics
iz taught, has been daveloped in recent yaars. Graphic plotters, symbalic
algebra systems, and numerical analysis packagas have held great promisa for
use in the mathematics classroom. Dick (1992) reports that most echools
however are not financially able to provide every mathematics student access to
& personal computer for classroom aclivilies and homework. 1n the mid 1980's
scientific calculators with graphing capabilities began to appear on the market.
Today, these calculators are more readily avaitable and more affordable than
compuiers. A set of 30 caleulators, enough for one math class, costs about the
same as ong computer with comparable software packages. These calculators
are capable of graphing functions and relations, manipulating symbolic
expressions including symbolic differentiation and integration, computing with
matrices and vectors, and performing high-pracision numerical integration and
raot-finding of functions.

In 1289 the National Council of Teachars of Mathematics (NCTM)

released a document gntitled, Curriculum and Evalyation Standards for School

Mathematics. An underlying assumption of the standards is that appropriate

scientific calculators with graphing capabilities will be available to ait students
at &l times (NCTM 1989)  Freguent reference to graphing utilities ( computers
with appropriate graphing software or graphing calculators) is found throughout
the standards. The NCTM recommends increased attention be placed on lopics
such as the use of graphing uiiliies to develop conceptual understanding and
the use of graphing utifities for solving equations and inequalities. They
suggest that topics such as paper-and-pencll graphing of equations by palnt

plotting and the graphing of funcliens by hand, using tables of values receive



13
less attention. The NCTM standards call for making explorations and prablem
solving a more gentral focus of instruction in school mathematics (NCTM 1989).
Graphing calculators can be used to investigate, simulate and solve importang
reakworld problems. According to Waits and Demana (1989} these calculators
¢an be used to help students develop significant understanding about graphing.
Graphs of functions and relations are easily accessible with the aid of
technology. Producing graphs by hand takes so long that it is not possible to
use graphing routinely to solve problems. With graphing calculators, students
can abtain enough graphical evidence (o make conjeciures and then test them
quickly with additional examples. (Demana and Waits 1990).

Graphing calculators give teachers the oppertunity to change the way
they approach mathematics instruction. Dick (1992) discusses the
disadvantages of using traditional methads problem solving with graphing.
Graphing of functions can be very time consuming and students tend to lose
sight of the reason they are graphing the function. Instead of viewing graphing
as & useful aid in mathematical analysis, students often come to view & graph
a8 a task o be completed. Textbooks reinforce this idea by offering problems
that are not really appficable to real world situations. The problems tend to be
ot an elementary form in order to yield successful outcomes for pencit and
paper manipulations. Viewing the graph of a function can be the first step in
probiem solving instead of the last (Dick 1992). Day (1993) supports this ides,
stating that the graphing calculater provides flexible, powerful and quick access
to students, aflowing them to become “accomplished analysis” instead of
‘mediocre manipulators” . Wilson and Frapf! (1994) also advocate the use of
graphing calculators for classroom instruction. They report that students are

now able to use graphs to solve problems that were traditionally solved using
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algebraic manipulations; problems that were considered unsolvable or too
difficult to solve using aigebraic methods. The T1 - 82 allows students to relate
the three common functional representations { table, graph, formula) and buid
conceptual links among these representations.

When students began using scientific calculators in mathernatics classes,
there were many ¢ritics, both educators and laypersons, who believed that
calculator use would have a neqgative effect on learning. There are now those
whe criticize the use of graphing calculators in mathematics classes, suggesting
that use of these instruments will diminish student understanding of graphing
principles.  However, Dion (19390 states that students using graphing
caleulaters are required to have a higher level of understanding than that
required for paper and pencil computatior. Graphing calculators require
student understanding and skill in the use of algebraic logic for the entry of
expression, functions rules, equations and inequalities. Calculators afso
require students to judge the reasonableness of an answer and fo estimate their
answers. Burrill (1992) suggests that if students are to use graphing
caiculators effectively, they will need 2 salid undarstanding of the mathematica|
concepts involvad, along with the ability to inlerprat the results. Dick(1992) algo
refutes claims of critics stating that students need scaling and positioning skills
in order to be able to view the part of the graph that is appropriate to the
problem that is being solved. The Tl - 82 requires that studsnts enter graphs in
the form of "y=", therefore students must be able to manipulate symbols, in
orger o enter the given equation. Itis more likely that understanding of
graphing principles would be improved rather than diminished by graphing

calculator usage.
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CHAPTER 3
Procedures
Introduction

This chapter explains the procedures used to determine the effect of
graphing calcuiator usage on the learning of basic concepts of analytic
geometry in a high school aigebra one class. Included in this chapter is a
description of the group of students studied. the instructional setting for the
study, and the graphing calculator utilized. Learning was measured for both the

control and experimental groups.

Population of the Study

The population of this study was taken from the student body of Salem
High School in Salem, New Jersey  Salem Figh School includes grades 9 -
12, with & 1995 Fall enroliment of 548 students. The sample population
consisted of students enrolled in two sections of General Algebra One, with

twenty-five students in the control group and ten students in the axpetimental

grous,

instructional Setting

This study was conductad over a nine-week period between January and
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March, 1986. The control group and the experimental group met for forty-five
minutes. five times a week.
The material coverad during the study includes units on (1) relations and
functions, (2) slope and equations of lines, and (3) systems of linear equations.

The textbook used was Holt Algebra 1, written by Nichols, Edwards, Garland,

Hoffman, Mamatry, and Palmer.

For the control group, weekly class time was spent using traditional
methods of instruction. This traditional method of instruction included reviewing
the previous night’s homework, presenting new material, assigning homawork
from the textbook, and testing. Aproxirmately thirty-five minutes of each forty-five
minute class was dedicated to presenting, practicing, reinforcing and testing
new material and previously acquired concepts.

leaming activities for the experimental group were similar to those used
In the cantrol group. A review of the previous night’s homework, presenting
new material, assigning homework from the textbock, and testing. Graphing
calcuiators were used by the experimental group in each of the leaming
activities. The lessons were presented with the aid of an overhead graphing
calculatar. Students used graphing calculators during the presentation of the
lssson, and in completion and review of homework. Student’s were also

allowad to use the graphing calculator during tests.

Description of the Graphing Calculator

The graphing calculator used for this experiment was the Texas
Instruments TI-82. The T-82 allows students to graph equations of linear
functions in the form y =mx + b. The TRACE feature moves the cursar from one

plotted point to the next along a function, while displaying the cursor
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coordinates &t the bottom of the screen. Ths feature allows students to trace the
graph and locate approximate intercepts and intersections of lines. The TABLE
feature of the T1-B2 provides numeric information about & function, listing a table
of valuss for x and y. The ZOOM feature allows the user to adjust the viewing
screen for a closer look at a speciiic area of the function. CALCULATE feature
of the TI-82 enables the user to calculate the intersection of the fuctions being
analyzed.

Achievement

In order to determine if the conirol group and the experimental group
were equal in achievement before beginning the study, the siudent's semester
averages were averaged together for each group. This average was used to
find a t-value 1o determine if there were any significant diffsrences. From the
results of that independent two-tailed t-test, it was determined that the two
groups had no significant difference in achievement from the start

At the conclusion of the study, both groups were given the same
comprehensive posi-test consisting of 30 questions. The test, created by the
publisher of the textbook was deterrnined to be valid and reliahle. An
incdependent two-tailed t-test at the 0.05 level was utilized to determine i a
significant difference in mean scores existed in achievement . The results were
examined to determine the effect of graphing calculator use on the learning of

basic caoncepts of coordinate geometry.
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CHAPTER 4
Analysis of Data

[ntroduction

in order o determing the effect of graphing calculatar usage in an
algebra one class, data on learning was collected during the study. This
chapter explains how the data was analyzed, what tables were made to show

the results, what the results were, and what the results indicate.

Fesults

Before beginning the study, it was necessary to determine if the two
groups were aquivalent in mathematics ability. The student's first semester
averages were usad as thair pre-test scores. The student's first semester
average included the first and second marking pericd grade as well as a mid-
term exam. Each rarking period grade was courted twice and the exam grade
counted once. The sum of these grades was then divided by five to determine
the semester average. Individual semester averages are included in table form
(Appendix B) for the control group and in table form {Appendix C) for the
experimantal group.

Table 1 shows the semester average mean for each group. The mean far

the conirol group was 78.12 with a standard deviation of 8.560, and the mean
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for the experimental group was 78.4 with a standard deviation of 7.782. Using a
two-tailed independent t-test, the value of t was found to be 0.0833 with 34
degrees of freedom. Sinee the t-value of 0.0833 lies between the critical values
of +1.021 and -1.021 the null hypothesis is accepted at the 0.05 level of
confidence. Thera was no significant difference in the learning of mathematics
between the twg groups prior to the study.

Table 1

Semester Averages

Group N Mean s.0.

Gantrol 25 7812 8.580

Experimental 10 78.4 7.782
t=0.0933

At the conclusion of the study, a unit test was administerad o both the
experimental and the control groups. Scares for the unit test are included in
tabte form {Appendix B) for the control group and in table for (Appendix C) for
the expenmental group. Table 2 shows the percent of correct responses on the
urtit test for both groups. The mean acore for the experimental group was 72.4
with a standard deviation of 25.5589 | whife the mean score for the conirol
group was 71.88 with a standard deviation of 21.58316. Using a two-tailed
independent t-test, the value of t was found to be 0.0563 with 34 degrees of
freedom. Since the t-value of 0.0568 lies between the critical values of
+1.021and 1.021 at the 0.05 confidence level, the null hypothesis which states

that there is no significant difference between the learning of basic concepts of
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analytic geometry by studenis instructed with graphing calculators and the

learning of those instructed by traditional methods is accepted.

Tablg 2

Percent of Correct Responsas on Unit Test

Group N Mean S.D.
Control 25 71.88 21.5316
Experimental 10 72.4 25.5569

i=0.0568
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CHAPTER 5

Summary, Gonclusions, Comments, and Recommendations

introduction
This chapter will summarize what the results were and what they
ndicate. Also included in this chapter are the researcher's comments on the

data findings and recommendations for further study.

Summary of Findings

In order to determine If graphings calculators can be used as an effective
tool in the teaching of basic concepts of analytic geometry, three chapters in
algebra cne were taught o two separate classes. The contral group was taught
the material using the traditional instruction method, and the experimental
group was taught the same material using graphing calculators. At the
conclusion of the study, the ieamning of both groups was compared to determine
the effectiveness of graphing caiculator usage.

Learning was measured by administering 4 unit test o both the
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experimental and control groups. The mean score for the control group was
71.88% with a standard deviation of 21.5316, while the mean for the
axperimental group was 72.4% with a standard deviation of 25.5569. Using a
two-tailed independent -test, the researcher computed the value of tto be
0.0568 with 34 degrees of freedom. Since 0.0568 lies between the critical
values of +1.0168 and -1.0168 at the 0.05 confidence level, the null hypothaesis
which states thai there is no significant difference between the feaming of basic
concepts of analytic geometry by students instructed with graphing caiculators

and the learning of those instructed by fraditional methods is accepted.

Conclusions

Based on the findings of this study, graphing calculater usage was not
found to have a significant effect on the learning of the basic concepts of
analytic geometry. The results of data analysis after the experimental treatment
showed no significant difference in the unit test mean scores between the

controt group and the experimental group.

Comiments

There was no significant difference between the leaming of basic
concepts of analytic geometry of the two groups. There are severat factors that
may have attributed to this result. The General Algebra One course at Salem
High School is intended for those students who plan to attend a two-year
college or Ifrade school, these are not students who are considering math ,
science or engineering as a carser option. Some students, in each group,
could not sufficiently comprshend the algebraic concepts taught in the nine-

week period. Students with poor or insufficient prerequisite skills experienced
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difficutty when the subject material became progressively more difficutt.

Recommendations

Based on the findings and observations from this study, the following
recommendations are presented for further study. The sample population
should be larger and include students in college preparatory algebra as well as
general glgebra students

This experiment tock place over a nine week period. The units studied
during this nine week pericd included only topics related to the basic concepts
of analytic geometry. It is recommended that the study be conducted for a fonger
period of time and be expanded to include other topics that benefit the use of
graphing calculators. introducing the graphing calcutator before the analytic
gecretry unit would allow the students to become familiar with the many other
functions and capabilities that the graphing calculator offers. This would also
enable the students to see the graphing calculator as a tool to solve many types
of problems, not just a toal {0 assist in graphing.

Use of the graphiﬁg calculator invalves a strong sense for the order of
operations as well as the ability to solve equations for a given variable,
Emphasis should be placed on these areas when planning to incorporate the
graphing calculator into the aigebra one dlassroom.

More research should be conducted to determine the best ways to
integrate graphing calculators into the algebra curiculum. Use of graphing
calculators should help promote the understanding of algebraic concepts and

encaurage thinking.



Appendix A
Chapters 10 - 12
Cumulative Test
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Name Date Score

Chapters 10 - 12
Cumulative Test

Given f(x) = 3x - 4, find each indicated value.

1. f-1) 1.

2. H-6) 2
3 Use the domain D= {0, 2, 4} to find the range of 3.
) =bBx-1
4. Graph each equation in the cpordinate plane. 4. (see graph)
A X+y=3 b. y=-4
c -2xt+y=1 d x=-2

Find the slopa of the line determined by the given points A and B.

5. A(1, 1), B(5, 4) 5,
6. A2 -3), B 3) 8,
7. Af5, 2), B4, T 7.

Write an equation, in the form Ax + By = C, for the line
passing through the given point and having the given
slope,

8. P(-1, -5); slope=0 B.

8. P8, 0), slope = -B/5 Q.

10 PO, 0); slope =-5 10.




.28

Tell whether the lines are parallel, perpendicular, or
neither parallel nor perpendicular.

11, Bx-dy = 12 1.
Bx+4y=8

12, y=7 12,
y+2=0

13. 2y - 5x = 40 13.
Sx-2y=1

Salve by the most convenient method,

14, x+2y=3 14.
K-y=-1

15. y=5-2% 15.
y=-Xx+4

16. -3% + By = 14 16.
3x+8y=12

17, -Tx-y=19 17.
Je+y=-7

Soive each proeblem by using twe equations and two
vartables.

18. The sum of two numbers is 15. Five times the first number minus 2 times
the second is 12. Find the two numbers.

19. The sum of the digits of a two-digit number is 15. If the digits are reversed
the new number is 27 less than the original number. Find the coriginal number.

20. Therz are 5 ess dimes than nickels. The total value is $4.00. FHow many
coing are there of each type?



Appendix B
Midterm Averages amnd Unit Test Avprages
Control Group
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Control Group

Student Mid-term Average Unit Test Average
1 759 75
2 a7 50
3 78 g3
4 o2 85
7] 73 E5
6 83 85
7 81 Sh
B 84 65
9 76 75
10 72 B5
11 67 50
12 86 B85
13 86 100
14 83 65
15 94 100
16 75 65
17 53 20
18 78 &0
19 a0 90
20 70 50
21 89 95
22 g8 50
23 78 85
24 71 o0
25 70 20




Appendix C
Midterm Averages and Unit Test Averages
Experimental Group
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Experimental Group

Student Mid-term Average Unhit Test Average
1 55 a5
2 4] 70
3 72 70
4 B4 B8
5 75 55
=) 63 30
7 a6 80
& 74 35
9 83 100
10 81 100
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