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The purpose of the study was to investigate the effectiveness of carefully

designed teacher training in the use of the computer to teach graphing skills

associated with Algebra H conic sections. Three areas were studied: the

teachers' attitude toward computers, students' attitude toward mathematics,

and the effect on students' achievement in the area of graphing skills.

The experimental group consisted of four mathematics teachers and

their 198 Algebra H students. The contrast group consisted of four

mathematics teachers and their 201 Algebra II students. The experimental

teacher group was provided intensive training during three sessions to learn to

use the computer and the graphing software. All students in both groups were

given the unit on conic sections.

Posttreatment scores on the General Attitudes Toward Computers for

teachers in both groups were compared. A Mann-Whitney test showed that

there was no significant difference at the 5% level. Posttreatment scores on

the Purdue Master Attitude Scales (adapted for mathematics) of students in

both groups were compared. A Mann-Whitney test showed that there was no



significant difference between the two student groups. Posttreatment scores on

the Test of Graphing Skills for Students in both groups were compared. A

t-test revealed that the students in the experimental group performed

significantly better than those in the contrast group.

The conclusion is that teachers can use the computer to teach difficult

mathematics concepts such as graphing conic sections. The study

demonstrated that careful staff development is necessary to overcome the

barriers which inhibit teachers from using computers. The teachers in the

contrast group did not use the computer for instruction, which demonstrates

the importance of training.
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CHAPTER 1

INTRODUCTION

Background and Significance of the Study

In 1989, the National Research Council issued its preliminary report on

mathematics education. Entitled Everybody Counts: A Report to the Nation

on the Future of Mathematics Education, it begins, "Mathematics is the key to

opportunity ... to participate fully in the world of the future, America must

tap the power of mathematics" (p. 1). It goes on to note that "three of four

Americans stop studying mathematics before completing career or job

prerequisites" (p. 1). The report states that mathematics is the leading cause

of failures in school, and "when mathematics acts as a filter, it not only filters

students out of careers, but frequently out of school itself" (p. 7).

Eig (1991) summarizes the current situation in mathematics: "The first

state-by-state comparison of math abilities found that just one in seven junior

high school students achieved the proficiency expected by federal education

officials" (p. 1). There is a clear consensus that the time has come for

reevaluation of the mathematics curriculum of a magnitude not seen since the

Sputnik era following the 1957 launch of Sputnik I.

1
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The National Council of Teachers of Mathematics (NCTM) published in

1989 its recommendations for mathematics curriculum reform in the report

Curriculum and Evaluation Standards for School Mathematics. It calls for all

students to become more proficient at mathematics and emphasizes problem

solving, active involvement, interrelatedness of mathematics concepts, and

more meaningful assessment of those goals than low-level multiple choice

questions. Textbooks, teacher lecture, and memorization are to be

deemphasized. All students are to participate, not just those planning

post-secondary education.

Both of these reports insist that computers be integrated into the

mathematics curriculum. In Everybody Counts, the National Research Council

(1989) concludes that "both calculators and computers are equally essential to

mathematics education" (p. 61). In the future, 'They [computers of tomorrow]

will revolutionize the way mathematics is practiced and the way it is learned"

(p. 62). The NCTM (1989) is more specific in its recommendations: every

teacher should have a computer for instruction in the classroom, and every

student should have access to a computer for part of the day. Such

recommendations from these two reports are representative of the national call

for the use of technology in the classroom for instruction in all subject areas.

There is pressure from the business community (Ediger, 1988; Potter, 1986;

Smither, 1990; 'Training Teachers," 1989), legislators (Staff, 1990), educators

(NCTM, 1989), professional organizations such as the National Education
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Association (Marks, 1989), and the community-at-large (Goodson, 1989; Steen,

1989). According to Steen (1989), there is the perception that students will

benefit from instruction with the computer because it will prepare them for the

use of technology in the business world. As Goodson (1989) expressed it,

A consensus seems to be growing around these key points: that citizens
of the 21st century will need different kinds of skills than our schools
currently provide, that teachers of the 21st century will fulfill different
roles than they currently do, and that technology has a part to play in
both of these transformations. (p. 18)

The call for mathematics curriculum reform and the call for increased

use of computers as an integral part of the curriculum are becoming

intertwined as technology offers hope for the delivery of the revised

mathematics curriculum. Many sources (Barclay, 1987; Bloom, Comber, &

Cross, 1986; Hermann, 1988; McCoy, 1991; Minch, 1987; Waits & Demana,

1989a; Zehavi, 1988) indicate that the use of the computer can help students

visualize mathematics concepts, allow for the use of real-life data unlike the

contrived data found in textbooks, and provide interactive feedback that

encourages student participation. According to Waits and Demana (1990b),

the time required to do graphing, for instance, can be greatly compressed with

the use of computer graphing software.

The key to these changes is, as always in education, the classroom

teacher. According to the United States Congress, Office of Technology

Assessment (USCOTA, 1988) report, Power On! New Tools for Teaching and

Learning, "Most teachers want to use the newest tools for their trade and to
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prepare their students for the world of technology outside the classroom"

(p. 16). However, the report continues that "only half the Nation's teachers

report having ever used computers" (p. 16). Reasons cited are lack of

equipment, poor training, and anxiety about using new technology. Clearly,

what is needed is carefully designed staff development to offer mathematics

teachers what they need to begin using the computer in mathematics

instruction. Staff development should confront the barriers that inhibit

teachers in the use of the computer.

There are many commonalities among sources as to the nature of these

barriers. Bloom et al. (1986) and Bitter and Yohe (1989) point up an anxiety

some teachers feel about working with a powerful machine. Guskey (1986)

notes some anxiety over the possibility that students will learn less as a result

of the innovation. Bloom et al. (1986) say teachers fear they may break the

computer or look stupid. Guskey (1986) echoes the fear of looking stupid.

Several sources (Bitter & Yohe, 1989; Bloom et al., 1986; Sturdivant, 1989)

mention the lack of time to complete proper training as a significant barrier.

Others (Bracey, 1990; Chandra, 1984) cite the lack of equipment or resources.

Doyle and Ponder (1977) along with Guskey (1986) see as barriers training

that is not relevant or usable in the classroom. A related barrier (Martin, Saif,

& Thiel, 1986/1987; Ohanian, 1985) is the lack of trainee input to the content

of the training. Guskey (1986) also cites as barriers methods that are too
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radically different from current practices, and Sturdivant (1989) adds isolation

and the lack of sharing of ideas.

The researcher attempted to address those barriers and provide

well-designed staff development to train teachers in the use of the computer.

Specifically, teachers were trained to use the computer to teach graphing

concepts from Algebra II. They were given the opportunity to learn thoroughly

a software package designed for graphing. In assessing the effectiveness of

such staff development, answers to the following questions emerged:

1. Does carefully designed teacher training in the use of the computer

for instruction in graphing result in an increase in student achievement in

graphing skills?

2. Does carefully designed teacher training in the use of the computer

for instruction in graphing result in an increase in student interest in

mathematics?

3. Does carefully designed teacher training result in improved teacher

attitudes towards the computer?

Statement of the Problem

The problem for this study was to determine the effect of teacher

training in the use of computer graphing software on the achievement and

student attitude toward mathematics of Algebra II students.
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Purposes of the Study

The purposes of this study were

1. To develop and provide a training program for mathematics teachers

to prepare them to teach at least one unit of Algebra II using the computer as

an instructional tool in the classroom

2. To investigate the association between students whose teachers

received the training and those students whose teachers received no training

on achievement in graphing skills

3. To investigate the association between students whose teachers

received the training and those students whose teachers received no training

on attitude towards mathematics

4. To investigate the association between those teachers who received

the training and those teachers who did not receive the training on attitude

toward the computer.

Statement of Hypotheses

H1. When prior attitude is controlled, there will be no significant

difference between the trained and non-trained teacher groups on the General

Attitudes Toward Computers Scale at the end of the treatment.

H20 . When prior attitude is controlled, there will be no significant

difference between the two student groups on the Purdue Master Attitude
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Scale (subsequently referred to as the Purdue Attitude Toward Mathematics

Scale) at the end of treatment.

H3,. When prior knowledge is controlled, the mean score on the Test

of Graphing Skills given to Algebra II students whose teachers received the

teacher training in the use of computer graphing software will not differ

significantly from the mean score of those students whose teachers did not

receive the training.

Definition of Terms

Attitude toward mathematics, as used in this study, refers to the extent

to which a student has a positive or negative attitude about mathematics as

measured by the Purdue Master Attitude Scale (Remmers, 1960).

Attitudes toward computers, as used in this study, refers to the extent to

which a person has positive or negative attitudes from the affective behavioral

and cognitive domains about computers. The extent to which attitudes are

positive or negative is measured by the General Attitudes Toward Computers

(Reece & Gable, 1982).

Conic sections unit as used in this study, refers to that subsection of the

Algebra II course that covers the graphing of and the equations of the

parabola, the circle, the ellipse, and the hyperbola.

Teacher training, for the purposes of this study, refers to the formally

scheduled time the researcher spent with the teachers to be trained in the use
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of the computer and graphing software. It consisted of one full day and two

follow-up sessions.

CEI--computer-enhanced instruction; according to Kiser (1989), "a

variation of CAI has emerged in which the graphics capability of the

microcomputer is utilized in ongoing classroom interactions to enhance the

individualized instruction which the learner receives" (p. 40).

CH--computer-integrated instruction; according to Swadener (1986),

integrating the computer into instruction is becoming more popular.

Delimitations

1. The study did not attempt to isolate the effectiveness of the use of

the computer versus the nonuse of the computer for mathematics instruction in

general. Since the use of the computer is mandated for all the Algebra H

classes from which the population was selected, all students (in theory) were

exposed to the use of the computer as an instructional tool.

2. A specific topic (conic sections) was isolated rather than the entire

range of Algebra H topics because the study of conic sections lends itself to

the use of the graphing software that was the subject of the teacher training.

Many other applications are possible for teaching Algebra H using the

computer with the same (or even other) software.

3. A third limitation was the self-selection of the teachers participating

in the teacher training as well as those teachers who agreed to participate as
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the nontrained group. One aspect of successful teacher training is that the

teacher be convinced that the training will be relevant and useful (Ohanian,

1985; Paquette, 1987). All Algebra II teachers from the high school used for

training and follow-up were encouraged to participate, but participation was

voluntary.

4. Related to this is the problem of "trained" teachers sharing

information with "nontrained" teachers to the extent that nontrained teachers

become as successful as the trained teachers. This might be considered a

benefit, but it does present a problem for the analysis of data. To minimize

this effect, all nontrained teachers taught at a school other than the one where

the training took place.

Basic Assumptions

1. Teachers will come under increasing pressure to use the computer

for instruction. Whether that pressure results in improved instruction depends

on the effectiveness of staff development.

2. In general, Algebra II students are motivated to achieve

academically.



CHAPTER 2

REVIEW OF THE LITERATURE

Because of the complexity of the topic of using effective staff

development to train teachers to use computers and computer software to

deliver mathematics instruction, the review will be divided into four sections:

(a) the use of computer technology in the classroom; (b) the teaching of

mathematics, and graphing in particular, with the computer; (c) the

components of effective staff development; and (d) the topic of complexity

itself and ways in which a revised mathematics curriculum taught on the

computer can facilitate the new perceptions of our world as non-linear.

Computer Technology in the Classroom

The research is divided on the issue of whether using computers to

teach will improve achievement. Some research such as that done by Cook

(1988) in which the Logo language and a computer were used to teach

geometry concepts showed no significant difference in achievement but did

show a significant gain in attitudes toward mathematics. Research by Hamm

(1989) and Wright (1989) on the teaching of mathematics using the computer

showed no difference. Wright also found no significant difference in students'

attitudes toward mathematics. Research by McCoy (1991) using the computer

10
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to teach geometry showed no significant difference between achievement

scores on lower level questions but did show a significant increase in

achievement on higher level and applications problems.

Other research has been more positive. Hall (1982) looked at

computer-based education (CBE) and found that it "consistently produced

more learning than conventional instruction" (p. 362). Kulik and Kulik (1986)

found computer-aided instruction (CAI) superior to traditional methods.

Zehavi (1988) reported that students who used software that was developed by

a curriculum project were at a higher state of readiness for intuitive thinking

than students who used a textbook. The trend toward using the computer to

teach--despite these inconclusive data--will continue.

In 1982, Houston and Newman predicted that "teachers of the coming

decade will use the developing technology" (p. 1885). One survey reported by

Becker (1987) stated that most schools have begun using computers in their

instructional programs. At that time, at least 90% of school children attended

a school with a computer. In the future, computer use will no doubt increase.

Preskill (1988) found that 88% of districts responding to a survey were looking

at how to use the new technology for academic instruction in-the core

academic subjects. The trend will be toward providing each teacher with a

computer for the classroom. Marks (1989) notes that the National Education

Association (NEA) is calling for a computer on every desk by 1991.
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Other groups are applying pressure as well to see that computers are

integrated into the schools (Ediger, 1988; Goodson, 1989). According to Smith

(1987), "Societal pressure to train children in technology is so strong that the

change process is going forward in all three change areas at once-people,

program, and institution" (p. 479). Potter (1986) notes that parents, business,

and industry are applying pressure also. Woodrow (1987) predicts that by

2000, 50% of all instruction will be computer related.

Some of the reasons for this pressure are the perceptions that (a) the

computer will be an essential tool in the future (Bollinger, 1989; November,

1990), (b) that students of today will live and work in a computerized world

(Steen, 1989), and (c) that the lack of computer access could widen the gap

between minority or female or poor students and the majority of graduates

(Glenn & Carrier, 1989; Smith, 1987). As Steen (1989) states, "Today's

students will live and work in the 21st century, in an era dominated by

computers, worldwide communication, and by a global economy" (p. 18).

As has been stated, the key to incorporating technology into the

classroom is the teacher (Potter, 1986). According to Woodrow (1987),

"Changes have little chance of succeeding if the teachers lack the commitment

necessary to alter their instructional techniques to accommodate the changes"

(p. 27). According to the 1988 report by the United States Congress, Office of

Technology Assessment (USCOTA), Power On! New Tools for Teaching and

Learning, 'The vast majority of those now teaching or planning to teach have
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had little or no computer education or training" (p. 18). Only one-third of the

kindergarten through twelfth-grade teachers have had as much as 10 hours of

computer training. Other sources (Fulton, 1989; Preskill, 1988; Smith, 1987;

'Training Teachers," 1989) point to the fact that teachers are poorly trained to

use computers.

Furthermore, according to Dickey (1988), computers are not being made

available to the teachers because 51% of the computers are still in computer

laboratories. According to Bracey (1990), 'There are still many classrooms

with only one computer or none at all" (p. 21). As Simmons (1988) notes,

most of the computers are being used for computer-based courses such as

programming.

In mathematics instruction in particular, according to Becker (1987),

"The survey found little use of computers in mathematics classes beginning with

algebra and even less in the highest-level mathematics" (p. 160). Dickey

(1988) reports that of the 550 software packages published for mathematics

instruction, over half are not recommended for instruction. The USCOTA

(1988) Power On! report states that, 'There is a general consensus among

educators (and software publishers as well) that the quality of educational

software could be much better" (p. 22). Given that students in the United

States rank very low in mathematics compared to students in other nations, as

stated by Steen (1989), the computer may be useful in teaching that subject.

However, quality software must be identified.
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While the computer is being introduced into regular instruction, some

sources are sounding cautions about mistakes that could be made in the .

process. Chan, Fortunato, Holte, Morse, and November (1988) warn that

getting computers does not ensure better teachers. The teacher still must

contribute and grow. Maddux (1989) says that "Excessive optimism has been

especially damaging to the field of computer education, where initial

extravagant claims have begun to give ground to a backlash of opinion against

computing in school" (p. 23). He also mentions the software dearth:

"Hardware quality and capability is already light years ahead of educational

software quality and capability" (p. 24). Turner (1988) explains the conflict of

data between computer and noncomputer instruction by pointing out that the

content and presentation are what are important, not just using a computer.

According to November (1990):

Teachers still instruct in the same manner as before the technological
innovation.... We need to redefine how teachers spend their days.
Rather than delivering content to a group of students learning the same
subject matter in the same way, teachers could focus on how each
student learns best. (p. 58)

A poor computer program can be every bit as ineffective as a poor

teacher. Emerson (1988) reported similar findings when he studied the

pedagogical roots of the Socratic dialogue method and Skinner programmed

instructional method. He found that "computer-based instructional strategies

were shown to be superior to their non-computer based counterparts only

when they increased the degree of interaction" (p. 49). Apple (1987) warns
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that "if a subject area can be packaged to fit computerized instruction, that

method will prevail over the methods teachers have developed after years of

hard practical work, even if this is less sound educationally or economically"

(p. 6).

Teaching of Mathematics on the Computer

According to Steen (1989), "Jobs that contribute to this [global]

economy will require workers who are prepared to absorb new ideas, to

perceive patterns, and to solve unconventional problems. Mathematics is the

key to opportunity for these jobs" (p. 18). As expressed by November (1990),

'Technology usually creates work environments that challenge professionals to

use higher, not lower, levels of thinking" (p. 58). The same idea is echoed by

the National Research Council in its 1989 report, Everybody Counts: A Report

to the Nation on the Future of Mathematics Education, which states that "to

participate fully in the world of the future, America must tap the power of

mathematics" (p. 1). The National Council of Teachers of Mathematics (1989)

in its Curiculum and Evaluation Standards for School Mathematics calls for a

more rigorous mathematics curriculum and urges that all students participate.

In a 1990 Gallup, Poll, the results of which were compiled by Elam (1990), the

subject that the highest percentage (80%) of respondents indicated needed

more emphasis was mathematics. Computer training and English were chosen
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by the second highest percentage (79%) of respondents as needing more

emphasis.

Kiser (1989) summarizes the hopes for improved mathematics

instruction using a computer. He says that it may:

(1) deepen understanding and motivation to learn traditional topics; (2)
improve student attitudes toward the computer and toward learning
mathematics in general; (3) decrease the time to unit mastery and/or
increase the retention rate; and (4) lead to more effective
information-processing strategies by matching cognitive styles of the
learners. (p. 40)

Fey (1982) proposes that there may be some link between attitude toward

mathematics and achievement in mathematics, so improving attitudes towards

mathematics could be significant. Such a link has been difficult to establish,

however. Ediger (1988) points out that the computer can take advantage of

repetition, positive feedback, and reinforcement to facilitate learning.

Several researchers have worked with teaching mathematics with the

computer. Bollinger (1989) found that algebra students could have the

computer "solve in minutes what would take the human weeks, months, or even

years with pencil and paper" (p. 13). He also found that "no teacher or

researcher has published results which were negative about educational used

[sic] of computer algebra systems" (p. 13). Wright (1989) used the computer to

teach college algebra and Hamm (1989) used the computer to teach calculus.

Gesshel-Green (1987) used the computer to teach Algebra II in high school.

All of these showed no significant difference between the use of computers
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and the nonuse of computers. As mentioned above, McCoy (1991) compared

achievement in geometry of a class that used geometry software with a class

which did not use software and found a significant increase in achievement

only for higher level problems.

The use of graphing software may be the most promising application for

the teaching of mathematics with a computer. According to USCOTA (1988),

"National test results show that students do poorly at graphing, despite the fact

that graphing receives considerable attention in both algebra and geometry

classes" (p. 54). At the same time, according to some sources (Coles, 1989;

Goldenberg, 1988), it is important for students to understand graphing.

According to Coles (1989), 'There is a perceived need for students to

understand graphing skills and concepts, especially those involving relationships

of mathematical functions and variables" (p. 4). The USCOTA (1988) report

says that,

The computer is an ideal tool for teaching graphing skills: it provides
an instant representation of the relationships between variables and
allows students to see graphs in real time as an expedient unfolds. The
computer frees the student from lower-level tasks (such as plotting
points on a graph by hand) and allows them to focus on the more
abstract, complex, and intellectually meaningful concepts. Results of
studies where students use the computer to develop graphing skills are
more consistently positive than any other area of computer use. (p. 54)

Other sources (Barclay, 1987; Montaner, 1987) list the ability of some graphing

software to zoom in on a smaller part of the display as a powerful teaching
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tool. Ediger (1989) praises the fact that the computer can be combined

effectively with several different teaching models.

Several sources reported the use of the computer to teach graphing

skills. Bloom, Comber, and Cross (1986) used the microcomputer to teach

exponential functions and their derivatives. Bruder (1990) reported that, at

one school, "computers provide an educational opportunity not found with

other tools: it's easy to make graphs on a computer" (p. 18). Waits and

Demana (1989a) used the computer to illustrate inequalities and rational roots.

The same researchers (1989b) used the computer to combine geometric

representation with algebra concepts. Friedler, Nachmias, and Songer (1989)

were able, with the use of the computer, to improve students' ability to identify

valid graphs which showed an improvement in scientific reasoning abilities.

Freese, Lounesto, and Stegenga (1986) studied graphing of functions and their

derivatives and found the students enjoyed the 5 or 10 minutes the teacher

spent each day on the computer. Hermann (1988) used moving graphics

(animation) to illustrate circular functions. Students were able to deduce

trigonometric identities from graphs, for instance. Minch (1987) used

computer graphing to determine asymptotes and intercepts of functions.

Several benefits result from the use of computer graphing software for

teaching mathematics concepts. Kiser (1989) relates the use of the computer

to teach graphing concepts with theories about visual learning. Visual learning

is facilitated by the computer display. Ediger (1988) lists repetition, high
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degree of success, and reinforcement as benefits of graphing software.

Bollinger (1989) reports the time that is saved by having the computer do all

calculations and the actual drawing. He also maintains that students are being

trained in the use of a research tool that they will use if they pursue

mathematics, sciences, and other areas where the computer is used routinely to

conduct research. The research of Enochs (1984) reveals that computer

instruction results in significantly more positive attitudes towards the computer.

There are also undesirable results from the use of computer graphing

software. Goldenberg (1988) states that,

It is important at the onset to know the range of topics that cannot be
avoided once computer graphing is part of the curriculum: student
understanding and use of scale and scale in formation; issues involving
concepts of discrete and continuous quantities; ways in which semantic
distinctions between modeling and mapping affect students'
interpretation of functions; clarity about the role of the variable.
(pp. 7-8)

Montaner (1987) warns that 'because of curve, width, number of points to

plot" the resulting picture may be confusing (p. 23). Teachers planning to use

graphing software can avoid some of these misconceptions by being made

aware of the problems.

Effective Staff Development

According to Potter (1986), 'The key to success of computers in the

schools is the teacher" (p. 34). Madian (1990) and Woodrow (1987) agree.

Potter (1986) goes on to state that "the development of effective computer in-
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service education programs is important to the success of computer

implementation in the schools" (p. 33).

Various factors that tend to inhibit the training of teachers in the use of

computers have been identified. According to Guskey (1986), one major

barrier is the idea that "to change means the possibility that students might

learn less well than they do under current practices" (p. 9). Also, according to

Preskill (1988), the computer is difficult to integrate into the curriculum, and

teachers do not understand how to do that. Several sources (Bloom et al.,

1986; Fulton, 1989; Guskey, 1986) cite the fear of the loss of control and the

possibility of looking stupid as barriers. Other sources report the lack of

commitment of resources (Chandra, 1984) and equipment (Bracey, 1990;

Glenn & Carrier, 1989). Brandt's (1987b) interview with Joyce cited the lack

of instructional leadership. Training fails if the skills taught are not practical

or usable immediately (Cicchelli & Baecher, 1987; Doyle & Ponder, 1977;

Guskey, 1986). According to many sources (Bitter & Yohe, 1989; Bloom et al.,

1986; Chandra, 1984; Sturdivant, 1989), a common barrier is the lack of

allocated time for sufficient training and practice. Banks and Havice (1989)

and Bloom et al. (1986) also cite directions that are too vague. Past emphasis

on programming skills for teachers is now inappropriate, according to

Woodrow (1987), because "the need for programming skills [is] less and less

necessary except for specialized groups of computer and software designers"

(p. 34).
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According to USCOTA's Power On! (1988), teachers want to use

technology. It acids that "some of the reasons cited are related to personal

growth, some to concern for students, and some are reflective of external

pressure" (p. 89). Woodrow (1987) found the same willingness. Guskey (1986)

maintains that "significant change in teachers' beliefs and attitudes is likely to

take place only after changes in student learning outcomes are evidenced" (p.

7). Not only are teachers willing to try the new technology, but according to

Lanier and Little (1986), "Prospective and practicing teachers can indeed 'learn

new tricks,' and master all sorts of subject matter knowledge and skills of the

trade" (p. 528). Teachers need to subscribe to Lanier and Little's theory that

career-long learning is necessary.

Also important is for the trainers to understand that new concepts will

mutate during the implementation phase of a new innovation (Berman &

McLaughlin, 1976). The training should be practical and relevant, according to

several researchers (Ohanian, 1985; Paquette, 1987; Stasz, Winkler, Shavelson,

Robyn, & Feibel, 1984). It should add more value than it takes away in cost of

time, effort, and resources (Marker & Ehman, 1989). According to many

sources (Bitter & Yohe, 1989; Madian, 1990; Ohanian, 1985; Stasz et al., 1984;

Waugh & Punch, 1987), the training must be hands-on for at least a majority

of the time. It should be concrete and procedural according to Doyle and

Ponder (1977). Stasz and Shavelson (1985) claim that the integration of

computers with subject matter and classroom activity is the least well-
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addressed issue in staff development, so training teachers on how it can be

done should be a priority.

Cicchelli and Baecher (1987) outline the levels of concern of those

trying a new innovation. After the informational stage, trainees will have

personal concerns about how the innovation will directly affect their

instruction. The training should address those very real concerns. Fulton

(1989) would look at the teachers' anxieties about new innovations. Teachers

should have access to equipment (Martin, Saif, & Thiel, 1986/1987) and

sufficient time (Wildman & Niles, 1987) to practice the new skills (Brandt,

1987b). The trainer should provide feedback so that teachers can correct

misconceptions (Brandt, 1987b). Many sources (Brandt, 1987a, 1987b;

Glatthorn, 1987; Johnson & Johnson, 1987; Paquette, 1987; Wildman & Niles,

1987) advocate peer support, cooperation, and mutual trust among trainees

and trainers.

In Brandt's 1989 interview with Ann Ueberman, it was stated that "most

people have strengths in some area but are not especially good in others.

That's legitimate and human" (p. 25). The trainer should help those with

computer anxiety understand that being inept with a computer does not

preclude talent in other areas. If teachers have some input to the topics to be

covered or help in the design of the staff development, they will have more

interest in seeing that it is effective. Many sources (Doyle & Ponder, 1977;

Glatthorn, 1987; Martin et al., 1986/1987) document the need for teachers to
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have ownership of an innovation. Stasz et al., (1984) and Ohanian (1985) add

that if teachers participate voluntarily, the training is more effective. Some

sources (Guskey, 1986; Stasz et al., 1984) advocate a credible, experienced

trainer. Marczely (1985) has found that a teacher-trainer is the most effective.

Follow-up is essential to renew interest in an innovation according to Joyce

(cited by Brandt, 1987b). Glatthorn (1987) has found that teachers derive

more satisfaction from an innovation and are more likely to support that

innovation if they have helped design and implement it.

All of these features should contribute to a more effective staff

development. The process should contribute to the professional pride each

teacher feels when a difficult task is overcome. Marczely (1985) says that

"involving successful practicing teachers in teacher education can restore their

sense of professional pride" (p. 703). Lanier and Little (1986) point to "the

growing need for teachers' lifelong learning, or at least career-long learning"

(p. 549). Tyler (1985) researched other professional groups and found that

among physicians and engineers, two-thirds reach the peak of their effective

performance after 7 years and that, "Thereafter, for a majority, performance

begins a slow decline.... However, about one-third . . . were able to find new

challenges in their work" (p. 684). Taking part in one's own professional

development can help present those new challenges for teachers.
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Complexity and the Mathematics Curriculum

The complexity of this project to integrate technology with the teaching

of mathematics with effective staff development illustrates the kinds of

problems of the future. In the future, learning will not use the linear process

that has been used for many years. The computer, with its branching

capabilities, has opened up possibilities of learning in nonlinear ways.

There is a growing field of learning and teaching based on complexity

and chaos (Crowell, 1989). Chaos is a mathematical model that describes

many phenomena in nature that can be simulated on a computer. This avenue

of learning will require holistic approaches to presenting

information--approaches that make use of brain-based learning and a more

natural way of accessing the way in which the brain actually stores and recalls

information. In Doll's (1989b) words, "All of these [actions] have high degrees

of randomness in them; their patterns are neither fully predictable nor

repetitious" (p. 66). He has called for application of this new theory to

curriculum design saying that "teachers will need to combine supportive

behavior with challenging behavior-equilibrium with disequilibrium-and to

give students time to organize their own thoughts" (1989a, p. 250).

Students will be encouraged to organize information in a way that is

consistent with their own internal schema. As Van Oers (1990) expresses it,

"Pupils have to reinvent mathematical knowledge and discover its properties in
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communication with others" (p. 62). Van Oers added that as a non-linear

process,

The transfer of prior knowledge and skill to new learning is not
automatic (as was generally assumed in the old cumulative learning
theory). In the acquisition of new knowledge and skills, prior knowledge
and skills may interfere. This being the case the development of
mathematical thinking can never by a smooth linear process. It is a
process with conflicts between competing schemes, sometimes making it
necessary to restructure old ones. (p. 60)

McLeod (1990) adds,

When a student is given a mathematical task, the student activates what
appears to be the most relevant schema to complete the
task.... interruptions and discrepancies are frequently part of
mathematics learning, especially in the study of problem solving and
other kinds of higher order thinking in mathematics. (p. 15)

Ediger (1988) is encouraging teachers to use brain-based theories in

teaching, to use techniques that allow information to be stored in long term

memory rather than short term memory. As November (1990) envisions it,

Teachers' job descriptions will change from "teaching a group of
students one subject at a time" to "designing learning environments that
challenge each student's approach to learning." Then individualized
learning could replace automated learning. (p. 58)

With these new innovations in the field of mathematics that parallel new

learning theories, teachers will be even more compelled to turn to the

computer as an aid to instruction.

Several studies dealt with using the computer to teach mathematics

(Gesshel-Green, 1987; Hamm, 1989; Wright, 1989). Other researchers

investigated the teaching of graphing skills in particular (Bloom et al., 1986;
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Bruder, 1990; Freese et al., 1986; Friedler et al., 1989; Minch, 1987; Waits &

Demana, 1989a, 1989b). None of these studies addressed the problem of

training classroom teachers to carry out the instruction.

To apply the benefits of such research, teachers must be given the

opportunity to develop those skills needed to use the computer for effective

instruction. The research into effective staff development in general, and for

the use of the computer specifically, is rich with suggestions. However, those

studies deal only with using a computer. for some generic purpose. They do

not consider the specific problem of offering teachers staff development to use

mathematics software to enhance instruction.

These concepts are combined in the study to be presented. For

teachers reluctant to embrace computers, the effective use of that technology

for mathematics instructions grows out of effective staff development.



CHAPTER 3

METHODOLOGY

Introduction

In order to obtain the information necessary for testing the hypotheses

stated in this research, it was necessary to use a procedure that would provide

comparative data on the effect of teacher training in the use of computer

graphing software on the achievement of Algebra H students. In this chapter,

the methods, techniques, and instruments used in collecting the data for the

study are discussed. Also, the selection of the population for the research is

discussed.

Selection of the Population

The subjects of this research were Algebra H students and their teachers

from three high schools in the same large urban school district in north Texas.

At one school, four Algebra H teachers (the experimental group) received

training in the use of computer graphing software for the teaching of the

subject of conic sections to their Algebra H students. The Algebra ]I unit on

conic sections was selected as the object of study for several reasons:

(a) graphing is an essential component of the study of conic sections; (b) the

software is designed for graphing; and (c) the teachers in training felt that

27



28

conic sections are difficult to teach and are less popular than other topics with

the students.

The training consisted of one full day which included an introduction to

the computer in general, the operating system, and the graphing software in

particular. Two additional training sessions were scheduled after the school

day for follow-up during the actual time of the teaching of the unit on conic

sections. The high school at which the teachers received the initial training

was selected for follow-up training because of its proximity to the researcher

and because all the Algebra II teachers at this school volunteered to

participate. In this first school a total of 198 students and four teachers

participated.

As a contrast group, four Algebra II teachers at a second high school

agreed to participate as the nontrained group of teachers. The researcher

carefully selected the second school to match the demographics of the student

and teacher populations at the experimental school. Before the unit on conic

sections began, one of the teachers in the contrast group was assigned a

student teacher, so she withdrew from the study. An Algebra II teacher at a

third high school volunteered to assume her place. The demographics

regarding students and teachers at that third high school are similar to those of

the students and teachers at the other two high schools. All three schools are

in suburban areas that, at one time, attracted large numbers of upper middle

class professional residents. While still considered desirable areas to live, they
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are now far more diverse with the addition of many lower-income or

non-English speaking households. All three schools have a common

demographic profile. Therefore, a total of 201 students and four teachers

participated as the contrast group.

The data collection phase of the study was approximately 5 weeks.

Algebra II teachers typically devote about 1 week to each of the conic sections

(circle, parabola, ellipse, and hyperbola) and I week to a combination of all

the conics.

In all three schools, teachers had access to the same equipment,

software, and textbooks. All the teachers were female; all teachers listed

mathematics as their first teaching field; and all, with one exception, had

approximately the same number of years experience teaching mathematics and

Algebra II. For each teacher, all students participated.

Development of the Instruments

The data used in this study were collected using the following five

questionnaires and a test of graphing skills: (a) the Teacher Information

Sheet, (b) the Student Information Sheet, (c) the General Attitudes Toward

Computers, (d) the Purdue Attitude Toward Mathematics Scale, (e) the

Follow-up Questionnaire: Graphing Skills Study, and (f) the Test of Graphing

Skills.
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Teacher Information Sheet

The Teacher Information Sheet, shown in Appendix A, was used to

collect data on the academic qualifications, teaching experience, and levels of

computer usage of the teachers. It was adapted from an instrument developed

by Stubbs (1990) in the study of the effects of technology training on the

productivity of teachers. All the teachers participating in the research

responded to this questionnaire after they had read and signed the appropriate

consent statement, one for the experimental group and another for the

contrast group. Both of these are shown in Appendix A. This questionnaire

was used to draw a profile of the teachers used in the study and to compare

the two groups of teachers.

Student Information Sheet

The Student Information Sheet, which is similar to the Teacher

Information Sheet, is shown in Appendix A. This questionnaire was given to

all the students of the teachers who participated in the research. It was used

to collect data on the students' level of use of computers and their level of

ambition for postsecondary education. This questionnaire, apart from

providing information on the students' usage of the computer, also was used in

comparing the two groups of students.
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General Attitudes Toward Computers

This instrument was developed by Reece and Gable (1982) and has 10

items listed on a Likert-type scale from "strongly disagree" to "strongly agree."

Validity was established by a group of five judges, including psychologists and

university professors, who edited the original list of 30 items and categorized

them as cognitive, behavioral, or affective. Ten were associated with each of

the categories, affective, behavioral, and cognitive component.

The construct validity was established by analysis of data from 61

seventh-grade students and 172 eighth-grade students from a predominantly

white middle-class junior high school. The intercorrelations generated nine

derived components. The final General Attitudes Toward Computers Scale

contains those 10 items associated with the one component that defined

loadings greater than .40. They are a composite of items from all three of the

original categories of affective, behavioral, and cognitive domains. The

reliability of 0.87 has been established with an alpha internal consistency on

the 10-item general attitudes scale.

This General Attitudes Toward Computers was given to all the teachers

in the study. Both the teachers who underwent the graphing software training

and the nontrained teachers answered the questionnaire twice, before and

after the unit on conic sections. The data from this questionnaire were used to

evaluate how the teachers perceived the computer and its role in their job. It

was administered to both the teacher groups at the beginning of the research.
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At the end of the research, the teachers again completed the General

Attitudes Toward Computers. Using the data collected, the post-training

scores of the trained or experimental teachers were compared with those of

the contrast teachers to assess the effects of the treatment on their attitudes

towards the computer.

All students who participated in the study completed this questionnaire

also. .These data were used to evaluate the extent to which the attitudes of the

students in the group taught by trained teachers matched those of the students

in the group taught by nontrained teachers before any conic sections

instruction took place.

Purdue Attitude Toward Mathematics Scale

This attitude test was developed by Remmers (1960) with scales to

measure attitude toward any school subject. It was adapted to test student

attitude toward mathematics. It is a 17-item Thurstone-type scale in which

respondents select those statements with which they agree. The statements are

arranged in such a way that as one progresses through the test, statements

become less positive and then neutral and finally negative. Validity and

reliability have been established in the manual which accompanies the Purdue

Master Attitude Scale. This scale has demonstrated validity both against

Thurstone's specific scales, with which they show almost perfect correlations,

and also in differentiating among attitudes that do in fact differ.



33

This test was administered to all the Algebra II students participating in

the study at the beginning and again at the end of the 5-week unit on conic

sections. The data from this test were used in comparing the groups of

students to see if there was any difference in attitude toward mathematics after

completing the unit taught by trained and nontrained teachers.

Follow-up Questionnaire: Graphing Skills Study

The Graphing Skills study, a questionnaire found in Appendix A, was

not used for any statistical analysis but rather to inquire of teachers the extent

to which they actually used the computer for instruction, to determine the

degree to which they perceived the computer and the software to be effective

in instruction, and to determine their intentions of using the computer for

mathematics instruction in the future. They were asked to add any additional

comments where appropriate. The conclusions will be considered in

Chapter 5.

Test of Graphing Skills

To test the students' graphing skills, the researcher developed a Test of

Graphing Skills which is shown in Appendix B. This is made up of 15

multiple-choice questions designed to test the students' ability to identify the

graphs of different mathematical equations. It takes about 30 minutes to

complete. All the Algebra II students participating in the research took this

test at the beginning and again at the end of the 5-week unit on conic sections.
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The data from this test were used in comparing the performance of the

students taught by the trained teachers with that of the students taught by the

nontrained teachers.

Content validity was established by a group of Algebra I[ teachers at the

three participating schools as well as Algebra H teachers from other schools

which were not involved. A total of 10 teachers judged the content validity of

the test. The original test consisted of 22 items. The judges were given a

rating sheet and were asked to rate each test question on a scale of one to five

(one being "very poor" and five being "very good"). All of the 22 questions

were rated at least a score of three. The rating for each question was totaled

across all the judges and the highest ranking 15 questions were used on the

final Test of Graphing Skills.

Further analysis was conducted by two Algebra II teachers who

participated in the teacher training teacher. They suggested that in order to

make the scale of the graphs uniform, the same scale should be used for the

x_-axis and y-axis. However, the questions remained unchanged. The teachers

judged all of the questions appropriate for Algebra II students who have

studied conic sections.

Furthermore, each of the final 15 questions was directly related to one

of the Essential Elements for Algebra II (as established by the Texas

Education Agency for the state of Texas). The Essential Elements for Algebra
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II appear in Appendix B. Table 1 identifies the essential element addressed

by each question on the Test of Graphing Skills.

Reliability was established by a pilot administration of the test to a

group of 45 students who had completed the conic sections unit of Algebra H.

The test was given to the same group of students twice, with a month

intervening. The same student code, consisting of the phone number, birth

month, and birthday, was used to identify these tests. The Spearman's Rank

Correlation test revealed that the correlation factor is 0.88. The p-value is

<.0001, which indicates a high degree of correlation between the initial test

scores and the corresponding final test scores, all of which are listed in Table

18 of Appendix B.

Research Design and Treatment

Teacher Training and Evaluation

After completing the Teacher Information Sheet and the pretraining

administration of the General Attitudes Toward Computers questionnaire, the

trained teachers were given a full day of instruction on the Apple He

computer. The Apple He was used because it was available to all the teachers

and the graphing software was provided for it.

During the summer before the training took place, these teachers were

asked to submit worksheets that they had used previously to teach conic

sections. The researcher adapted those worksheets for use with the graphing
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Table I

Test of Graphing Skills and Essential Elements for Algebra II for the State of

Texas

Test Question Essential Elements from Algebra II

1 2F: Determine the equation of quadratic functions
and their groups

2 2D: Explore the effects of simple parameter changes
on the graph of a quadratic function

3 2E: Use characteristics of a quadratic function to
sketch the related curve

4 3C: Use characteristics of conic sections to sketch
the related curve

5 2E: (See question 3)

6 3A: Explore the graphs of algebraic representations
of conic sections and make generalizations that
allow classification of these algebraic
representations as circles, ellipses, hyperbolas,
or parabolas

7 3A: (See question 6)

8 3C: (See question 4)

9 3D: Determine equations of conic sections from
their graphs

10 3C: (See question 4)

11 3D: (See question 9)

12 3C: (See question 4)
(table continues)
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Test Question Essential Element from Algebra H

13 3A: (See question 6)

14 3C: (See question 4)

15 3A: (See question 6)

software. These worksheets appear in Appendix C. In late August, before the

students reported to school, the trained teachers had hands-on practice in the

use of the Apple He operating system, the use of peripherals, and the proper

care and copying of diskettes. The teachers spent the remainder of the day

working with the conic sections worksheets developed by the researcher with

input from the teachers. Each teacher had the exclusive use of a computer,

and each had the opportunity to practice at an individualized pace.

The software used was the Master Grapher developed by Waits and

Demana (1990a). This software was provided free with the new textbooks

adopted by the district for Algebra H. To ensure that the teachers felt

comfortable with the software, a follow-up session was scheduled

approximately I month after school began. The trained teachers practiced on

their own during that time. At the follow-up session, the researcher answered

questions, and the teachers shared techniques that they had developed during

the practice time. All the teachers planned to cover the unit on conic sections
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during the spring semester, after the spring break. Therefore a second

follow-up session was held just after the spring break. By that time, teachers

felt competent to use the computer for instruction and prepared to teach conic

sections using the computer as a graphing tool.

After the teachers completed the unit on conic sections, the trained

teachers again completed the General Attitudes Toward Computers to

evaluate any change in attitude after having used the computer for instruction.

Student Instruction and Evaluation

Before the unit on conic sections, all students of both trained and

nontrained teachers completed four instruments: the Student Information

Sheet, the Purdue Attitude Toward Mathematics Scale, the General Attitudes

Toward Computers, and the Test of Graphing Skills. .

During the unit on conic sections, the trained teachers used the

computer to illustrate the graphing concepts and effects of a change in one

coefficient or sign on the resulting graph. Nontrained teachers were not asked

to refrain from using the computer, but not one of the nontrained teachers

used the computer during the unit on conic sections. All of the trained

teachers used the computer to some extent in the unit on conic sections.

After the 5-week unit on conic sections, all students of both trained and

nontrained teachers completed the Purdue Attitude Toward Mathematics Scale

to determine any difference in attitude toward mathematics between the two
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student groups. They also completed the Test of Graphing Skills to determine

the extent to which the two student groups differed in their ability to recognize

and identify the equations and patterns associated with the conic sections after

the treatment period.



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

The purpose of this chapter is to present and analyze the data obtained

from the responses to the instruments described in Chapter 3 and to test the

hypotheses stated in Chapter 1. With the increasing emphasis on teachers

using computers in instruction, it is of interest to know how to improve their

confidence in the technology. Therefore, the researcher addressed the

following analyses:

1. Data were used to compare the trained teachers and the nontrained

teachers' attitudes toward the computer at the end of the treatment period to

determine if the trained group showed a significant change in their attitudes

toward the computer as compared to the nontrained group (H1).

2. Analysis was done to discover if there were any differences in the

attitude toward mathematics (H20) between the two student groups after the

treatment period.

3. Analysis was done to determine any difference on the achievement

of graphing skills (H3) between students taught by the trained teachers and

those taught by nontrained teachers.

40
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In order to establish preconditions for the research, it was necessary to

gather data and investigate the characteristics of the teacher and student

populations that participated in the study. In testing the probability of the

existence of measurable differences between the two teacher groups on

selected variables, the data collected from the Teacher Information Sheets and

the teachers' General Attitudes Toward Computers were used. In testing the

probability of the existence of measurable differences between the two student

groups on selected variables, the data collected from the Student Information

Sheets, the students' General Attitudes Toward Computers, the pretest Purdue

Attitude Toward Mathematics Scale, and the pretest Test of Graphing Skills

were used. The results of the analyses of the teacher groups will be presented

first, followed by the analyses of the student groups.

Pretreatment Analyses

Comparison of the Two Teacher Groups Before Training

ComparatiVe Pretraining Profile of the Two Teacher Groups. Using the

data obtained from the Teacher Information Sheet and the teachers' General

Attitudes Toward Computer, a comparative pretraining profile of teachers

from the trained and nontrained teacher groups was drawn. Part of this

profile is shown in Table 2 and in the subsequent analysis of Table 4. From

this comparative analysis, areas in which the two teacher
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Table 2

Pretraining Profile of the Two Teacher Grops

Experimental Contrast
Characteristics (%) (%)

Gender

Female 100 100

Age

20 - 29
30 - 39
40 - 49
50 - 59
60 -69

25
0

75
0
0

Highest degree earned

Undergraduate
Masters

Major teaching field: Mathematics

Years teaching experience

5 - 10
11 - 15
Over 15

Level of computer experience

Novice
Intermediate

0
0

100
0
0

50
50

50
50

100 100

25
25
50

0
25
75

100
0

75
25
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groups were similar or significantly different before the training were

determined.

From Table 2 the following observations were made:

1. The two teacher groups match exactly on gender, level of education,

and major teaching field.

2. The experimental group had one teacher that was younger and had

fewer years of teaching experience. One could conclude that the contrast

group was somewhat more experienced than the experimental group.

3. On the self-assessment of the level of computer use, one teacher in

the contrast group indicated intermediate, whereas all the others indicated

novice. Once again, one can conclude that the contrast group was only slightly

more accustomed to using the computer.

Types of Computer Software Used by the Teachers. The various

computer software listed in the Teacher Information Sheet were coded from

one to six (according to the level of complexity of the such software). The

coding is displayed in Table 3. The researcher determined that word

processing software was the least complex and that programming languages

were the most complex of those categories described. While there are

sophisticated word processing software packages on the market, many are user

friendly and require only a brief learning period for generating simple letters

or reports. The use of a programming language would require more training
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Table 3

Coding for the Use of Computer Software

Software Code

Word processing 1

Mathematics Toolkit/Master Grapher 2

Grading program 3

Test generator 4

Spreadsheet 5

Programming languages 6

time and indicate a more intense interest in computer use. The other types of

software fall somewhere in between those selected as the extremes. The

software used by all the teachers in both groups is shown in Table 4.

From Table 4, the following observations are valid:

1. The maximum number of software types used by a teacher in either

group is two.

2. Whereas 75% of the contrast group were using two types of software,

only 25% of those teachers in the experimental group were using more than

one type of software.
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Table 4

Computer Software Used by the Teachers Before Training

Experimental Contrast

Software Number Software Number
Teacher Codes Used Codes Used

1 1,3 2 none 0

2 3 1 1,6 2

3 3 1 2,3 2

4 1 1 1,3 2

3. Only two types of software, word processing and grading programs,

were being used by the experimental teachers, whereas in the contrast group,

other types of software were being used.

4. The more sophisticated application softwares were being used by the

contrast group.

5. None of the teachers in either group was using any type of

mathematics software.

One might conclude from Table 4 that the teachers in the contrast

group were somewhat more familiar with the computer than teachers in the

experimental groups. However, as shown in Table 5, a statistical analysis with

the Mann-Whitney test on the number of software used by each group showed
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Table 5

Comparison of Teacher Groups on Types of Computer Software Used Before

Training

Group N Median

Trained 4 1.000

Non-trained 4 2.000

Note. s-value = 0.56.

that there was no significant difference between the two groups at the 0.05

level.

The result shows a p-value of 0.56 which exceeds the 5% level of

significance. Therefore, there was no significant difference in the use of

selected types of computer software for teachers in the experimental and

contrast groups.

Comparison of Teacher Groups on the Pretraining General Attitudes

Toward Computers. The total pretraining score on the General Attitudes

Toward Computers for each teacher in the study was obtained by summing the

numbers each teacher circled on the computer attitude test. Two of the

questions were scored in reverse because the questions were stated in the

negative. The sum represents the extent to which the person taking the test
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has a positive attitude toward the computer. The lowest possible score is 10;

the highest possible score is 50. The scores are shown in Table 6.

Table 6

Teachers' Pretraining Scores on the General Attitudes Toward Computers

Teacher Experimental Contrast

1 40 35

2 39 39

3 44 42

4 34 36

A statistical analysis summarized in Table 7 reflects the results of the

Mann-Whitney test on the attitudes toward computers of both groups. As

shown, in Table 7, the result reveals a p-value of 0.47, which exceeds the 5%

significance level. Therefore there was no significant difference between

pretraining attitudes toward the computer of the experimental group and the

contrast groups.

The empirical profile data and the statistical data analyzed on the

teachers' use of software and attitudes toward computers indicate that the two

teacher groups were drawn from the same population.
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Table 7

Comparison of the Two Teacher Groups on Pretreatment General Attitudes

Toward Computers

Group N Median

Experimental 4 3.565

Contrast 4 3.7625

Note. p-value = 0.47.

Comparison of the Two Student Groups Before Treatment

Comparative Pretreatment Profile of the Two Student Groups. The

comparison of Algebra II students of the experimental teachers and students of

the contrast group teachers, using data collected from the Student Information

Sheet, are shown in Table 8.

It can be seen that there was no significant difference on 10 of the 15

demographic variables for students in the experimental group and the contrast

group (see Table 8). A Z-score for each variable was obtained by comparing

two independent proportions. Those that show no significant difference

(Z-score between the values of -1.96 and +196, indicating no difference at the

0.05 level) are gender; the number of eleventh and twelfth graders; those

students taking Algebra II for the first time; those planning on career, military,
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Table 8

Pre-treatment Profile of the Two Student Grouns

Z-Score
Experimental Contrast 2 Independent

Characteristics f,/N, (%) f/N2 (%) Proportions

Gender
Female 98/191 (51.3) 100/205 (48.8)

Grade Level
10
11
12

First time: Algebra II

Postgraduation plans
Begin career
Military
Vocational

College
2-year
4-year

Home computer

Levels of computer use
Games, etc.
Database
Programming
CAD/CAM

14/191
132/191
45/191

(7.3)
(69.1)
(23.56)

33/205
124/205
48/205,

(16.09)
(60.48)
(23.41)

0.5028332

2.6956664
1.7933804
0.0341481

183/191 (95.81) 200/205 (97.56) -0.9762780

2/191
2/191
1/191

10/191
176/191

(1.04)
(1.04)
(0.52)

(5.23)
(92.14)

3/205
2/205
1/205

25/205
174/205

(1.46)
(0.9)
(0.49)

(12.19)
(84.87)

-0.3707389
0.0711140
0.0501555

-2.4379953"
2.2556719"

124/191 (64.92) 135/205 (65.85) -0.1948663

116/191
118/191
46/191
22/191

(60.73)
(61.78)
(24.08)
(11.51)

123/205
106/205
82/205
17/205

(60.0)
(51.70)
(40.00)

(8.29)

0.1490003
2.0207038"

-3.3838339a
1.0764427

Note. "significant at the 0.05 level (< -1.96 or > 1.96).
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or vocational school after graduation; and those who use the computer for

games or bulletin boards or CAD/CAM applications.

The contrast group had a significantly larger proportion of tenth graders,

who would have taken honors mathematics in the ninth grade. They would

tend to be a somewhat brighter group than those taking Algebra II as juniors

or seniors. The contrast school had a significantly larger proportion of

students planning to attend a 2-year rather than a 4-year college. When these

two categories were combined, (plans to attend college), there was no

significant difference between the two proportions (a Z-score of 0.1869 would

indicate no significance at the 0.05 level). The contrast school had significantly

more students engaged in programming, whereas the experimental school had

more using database software. When these two categories were combined

(higher level of computer use), there was no difference between the two

proportions (with a Z-score of -1.84889). With the exception of the higher

number of tenth graders in the contrast group, these two student groups

appear to be very similar on these demographic variables.

Comparison of the Two Student Groups on the Pre-treatment General

Attitudes Toward Computers. The total pre-treatment score on the General

Attitudes Toward Computers for each student used in the study was obtained

by summing the numbers each student circled on the General Attitudes test

(with the two reversed questions scored opposite). A Mann-Whitney statistical
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analysis was performed on these data, and the results are summarized in

Table 9. The test was used to determine if both groups of students had similar

attitudes towards the computer before studying the conic sections unit of

Algebra II.

Table 9

Comparison of Students' Pretreatment Scores on the General Attitudes

Toward Computers

Group N Median

Experimental 208 37.00

Contrast 205 38.00

Note. p-value = 0.09.

The test reveals a a-value of 0.09, which exceeds the 5% significance

level. Therefore it can be concluded that there was no significant difference

between the two student groups' general attitudes toward computers before the

treatment.

Comparison of the Two Student Groups on the Pretreatment Purdue

Attitude Toward Mathematics Scale. The students' attitude toward

mathematics was measured using the Purdue Attitude Scale (Remmers, 1960).
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In order to compare the attitudes toward mathematics of the two groups, the

Mann-Whitney test was performed on their scores. The results are

summarized in Table 10. As can be seen, the results show a p-value of 0.26,

which is above the 5% significance level. Therefore, the test found no

significant difference between the pretreatment attitudes toward mathematics

of students in both the experimental and contrast groups.

Table 10

Comparison of Students' Pretreatment Scores on the Purdue Attitude Toward

Mathematics Scale

Group N Median

Experimental 198 7.5

Contrast 201 7.1

Note. pa-value = 0.26.

Comparison of the Two Student Groups on the Pretreatment

Test of Graphing Skills. At the beginning of the treatment period, all students

in both the experimental and contrast groups were given the Test of Graphing

Skills. A two-sample I-test was used to analyze the means of the two groups.

The test, summarized in Table 11, was used to determine if the two groups, to
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be taught by trained teachers and untrained teachers, had similar graphing

skills before the treatment began.

Table 11

Comparison of Students' Pretreatment Scores on Pretreatment Test of

Graphing Skills

Group N Mean Standard Deviation

Experimental 198 3.58 1.92

Contrast 201 3.71 1.86

Note. p-value = 0.48.

The results in Table 11 indicate a p-value of 0.48, which is above the 5%

significance level. There was no significant difference between the two means

of the student groups before the instruction in conic sections.

Conclusions on Comparing the two Student Groups. From all the tests

performed, the conclusion is that the two student groups were not significantly

different on selected demographic variables, their attitudes towards computers,

or their attitudes towards mathematics. Furthermore, the two groups did not

differ significantly with regard to their pretreatment knowledge of conic

graphs.
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Posttreatment Analyses

Teacher Analysis

Comparison of the Two Teacher Groups on the Posttreatment General

Attitudes Toward Computers Scale. After the teachers of the experimental

group had completed the training, including follow-up sessions in October and

March, and had taught the unit on conic sections, their attitude toward

computers was measured again using the General Attitudes Toward

Computers. The contrast group of teachers also completed the test following

the unit on conics. This analysis was done to determine whether the attitudes

toward computers of teachers in the experimental group differed significantly

from the attitudes of the contrast group. The data obtained from both the

pretraining and posttraining administration of this test are presented in

Table 12.

A Mann-Whitney test was performed to determine if there was any

significant difference between general attitudes toward computers of the two

groups of teachers after the unit on conic sections. The hypothesis tested was

H10: When prior attitude is controlled, there will be no significant

difference between the trained and nontrained teacher groups on the General

Attitudes Toward Computers Scale at the end of the treatment. The results

are summarized in Table 13.
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Table 12

Posttraining Scores on the General Attitudes Toward Computers for Teachers

in the Contrast and Experimental Groups

Teacher Experimental Contrast

1 47 35

2 42 44

3 48 41

4 40 36

Table 13

Comparison of the Posttreatment Scores of the Two Teacher Groups on the

General Attitudes Toward Computers

Group N Median

Experimental 4 10.16

Contrast 4 8.057

Note. p-value = .08.

As can be seen from Table 13, the test revealed a p-value of 0.08 which

exceeds the 5% level of significance. Therefore the null hypothesis cannot be
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rejected, and it can be concluded that there was no significant difference in

attitudes toward the computer between the two teacher groups after the

treatment.

Student Analyses

After the students in both groups had completed the unit on conic

sections, their attitudes toward mathematics, as determined by the

posttreatment Purdue Attitude Toward Mathematics, and their achievement on

the posttreatment Test of Graphing Skills were evaluated. The comparison of

the attitude toward mathematics will be considered first, followed by the

comparison of the achievement.

Comparison of the Two Student Groups on the Posttreatment Purdue

Attitude Toward Mathematics Scale. The posttreatment scores on the Purdue

Attitude Toward Mathematics Scale of students in the experimental group

were calculated and compared with those of the contrast student group. A

Mann-Whitney test was performed on the data to determine if there was any

significant difference between the experimental group's attitude toward

mathematics and that of the contrast student group after they finished the unit

on conic sections. The hypothesis tested was

H20: When prior attitude is controlled, there will be no significant

difference between the two student groups on the Purdue Attitude Toward

Mathematics Attitude Scale at the end of the treatment
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The result shows a a-value of 0.10 which is above the 5% significance

level (see Table 14). Therefore the null hypothesis was not rejected, and there

was no significant difference in attitude toward mathematics between the two

student groups after the treatment.

Table 14

Comparison of the Posttreatment Scores of the Two Student Groups on the

Purdue Attitude Toward Mathematics Scale

Group N Median

Experimental 198 7.7

Contrast 201 7.1

Note. -value = 0.10.

Comparison of the Two Student Groups on the Posttreatment Test of

Graphing Skills. The post-treatment scores on the Test of Graphing Skills of

the students in both the experimental and contrast groups were compared.

They provided the data to perform a two-sample i-test to determine if there

was any significant difference between the achievement of the students in the

experimental group and the students in the contrast group. The hypothesis

tested was
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H30 : When prior knowledge is controlled, the mean score on the Test of

Graphing Skills given to Algebra II students whose teachers received the

teacher training in the use of computer graphing software will not differ

significantly from the mean score of those students whose teachers did not

receive the training.

The results are summarized in Table 15. The a-value for the t-test is

less than 0.0001, below the critical value at the 0.05 level of significance. From

these data, it can be seen that the a-value of less than 0.0001 is below the 5%

significance level. Thus the null hypothesis (H3.) was rejected, and the

conclusion was that the experimental student group performed significantly

better on the posttreatment Test of Graphing Skills than the contrast student

group.

Table 15

Comparison of Scores of the Two Student Groups on the Posttreatment Test

of Graphing Skills

Group N Mean Standard Deviation

Experimental 198 9.99798 2.790

Contrast 201 8.054998 3.350838

Note. p-value < 0.0001.



CHAPTER 5

SUMMARY, CONCLUSIONS, AND

RECOMMENDATIONS

The purpose of the study was to investigate the effectiveness of carefully

designed teacher training in the use of the computer to teach graphing skills

associated with the study of conic sections. One aspect of the study was to

investigate the effect of that training on the teachers, another was to

investigate the effect on the students.

A total of eight Algebra H teachers participated in the study. The

trained (experimental) group of four teachers had a total of 198 students who

participated. The four nontrained (contrast) teachers had a total of 201

students who participated. During the summer of 1990, the teachers in the

experimental group received training in the use of the Apple He computer and

the Master Grapher program (Waits & Demana, 1990a) that was provided

with their new Algebra II textbook. A group of four teachers at schools

different from that of the teachers in the experimental group agreed to

participate as a contrast group without the benefit of the training. All eight

teachers completed the General Attitudes Toward Computers (Reese &

Gable, 1982) at that time.

59
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The trained teachers received follow-up review sessions in October and

again in March. Before the unit on conic sections, all students of the eight

teachers completed the Purdue Attitude Toward Mathematics Scale and the

researcher-developed Test of Graphing Skills. All the teachers in the study

presented the conic sections unit during April and May of 1991.

After finishing the unit, all eight teachers again completed the General

Attitudes Toward Computers and all their students completed the Purdue

Attitude Toward Mathematics Scale and the Test of Graphing Skills. Data

collected after the unit on conic sections were used to analyze the hypotheses.

Summary of Findings

Teacher Attitude Toward Computers

The posttreatment scores on the General Attitudes Toward Computers

of teachers in the trained (experimental) group were compared with the scores

of the nontrained (contrast) group. At the 0.05 level of significance,

statistically there was no difference indicated by the Mann-Whitney test

between the two teacher groups (see Table 13).

It can be noted here that after the treatment period, teachers in the

experimental group showed a more positive attitude toward the computer at

the 0.1 level of significance (a-value = 0.08) than teachers in the contrast

group. There is some cause for optimism that the training and subsequent use

of the computer for instruction did improve the experimental teachers'
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attitudes to some extent. It clearly did not cause their attitude to become less

positive.

Student Attitude Toward Mathematics

Posttreatment scores on the Purdue Attitude Toward Mathematics Scale

of students whose teachers received training (the experimental group) were

compared to the scores of students in the contrast group (whose teachers did

not receive training). The results of the Mann-Whitney test (see Table 14)

show that there was no statistically significant difference between the two

groups at the 0.05 level of significance.

Again, it can be noted that at the 0.1 level of significance (with the

a-value = 0.1) the experimental group showed a more positive attitude toward

mathematics at the end of the treatment period than the contrast group.

There may have been some small gain in the positive direction. The emphasis

on keeping students interested in mathematics and the importance of having

students master mathematics make it imperative to look for ways to make

mathematics more appealing to students (National Council of Teachers of

Mathematics [NCTM], 1989; National Research Council, 1989).

Student Achievement in Graphing Skills

The posttreatment scores on the Test of Graphing Skills of students in

the experimental group were compared to the scores of students in the
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contrast group. The results of the two-sample t-test indicate that the students

in the experimental group performed significantly better on the posttreatment

test than those students in the contrast group. The a-value for that test was

less than 0.0001.

Conclusions

To summarize the conclusions, carefully designed teacher training can

result in improved student achievement in the restrictive context of mastering

graphing skills using the computer as an instructional aid. The use of the

computer in teaching graphing skills does not lessen teachers' positive attitudes

towards the computer. The use of the computer in teaching graphing skills

does not adversely affect the students' attitude toward mathematics.

One should be cautious about generalizing these findings to other topics

in mathematics, but the data analysis indicates that graphing skills can be

taught effectively using the computer.

It would appear that one key to the desired end result of improved

student achievement may be carefully designed teacher training. There is no

doubt that teachers will be called upon to use the computer more and more in

their day-to-day instruction. At least 88% of the school districts polled by

Preskill in 1988 planned to use computers for academic instruction. As a

report from the United States Congress, Office of Technology Assessment,

(1988) showed, many teachers have not had sufficient computer training, and
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as pressure increases to use technology in the classroom, the need for teachers

to become more confident with computers will increase.

This is particularly true in the field of mathematics. In the report,

Curriculum and Evaluation Standards for School Mathematics, the NCTM

(1989) has called for increased use of the computer to help with problem

solving, the higher-level thinking skills necessary for many mathematics topics,

and increased student interest in mathematics. The state of Texas included the

use of the computer in its Revised Essential Elements for the Algebra II

course (Texas Education Agency, 1989).

It should be encouraging to find that the use of the computer, for the

teaching of graphing skills at least, can improve student achievement. This

finding is consistent with the results published by several researchers who

investigated the use of the computer for the teaching of graphing skills

(Barclay, 1987; Bloom, Comber, & Cross, 1986; Bruder, 1990; Montaner, 1987;

Waits & Demana, 1990b). The learning of graphing skills is a visual

experience that lends itself to the use of the computer (Kiser, 1989). For

mathematics in general, it is consistent with the more optimistic

findings in the research, those of Kulik and Kulik (1986) and Zehavi (1988),

for instance.

Several aspects of this teacher training addressed many of the barriers

to successful staff development. Teacher anxiety about using the computer is a
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major barrier. The researcher was careful to explain in detail each step at the

beginning of the training session to reassure the teachers that they could be

successful. The teachers themselves had input to the process by helping design

the worksheets and the format of the training sessions, which allowed for the

important teacher ownership of the process (Doyle & Ponder, 1977; Glatthorn,

1987; Martin, Saif, & Thiel, 1986/1987). The pace of the training was guided

by the teachers themselves, and there were many times when instruction was

suspended to review what had just been covered. There was much cooperative

learning among the teachers which continued throughout the year. Such

cooperative efforts have been shown to be one factor of successful staff

development (Brandt, 1987a, 1987b; Glatthorn, 1987; Johnson & Johnson,

1987; Paquette, 1987; Wildman & Niles, 1987).

The follow-up sessions were productive and allowed the teachers to

visualize how the computer program would actually be used for instruction for

a given lesson. Research indicates repeatedly that the teachers want staff

development that they can use immediately in the classroom (Doyle & Ponder,

1977; Stasz & Shavelson, 1985). It is equally important to provide ongoing

support rather than a 1-day session with no follow-up (Brandt, 1987b).

The Follow-up Questionnaire was optional, but all of the teachers

elected to complete it. The responses provided the opportunity to make some

generalizations about the success of the training and subsequent instruction as
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perceived by the teachers themselves. Some of the results of the Follow-up

Questionnaire are summarized in Table 16.

Table 16

Summary of the Follow-up Questionnaire

Experimental Contrast
Teacher Responses (%) (%)

Used the computer to teach conic
sections at least several
or a few times 100% 0%

Used the computer to teach other
math topics at least several
or a few times 75% 25%

Plan to use the computer
extensively next year
to teach Algebra II 75% 0%

The teachers who received the training were more anxious to use the

computer again than the nontrained teachers, who began the year with slightly

more experience using the computer in general. The trained teachers were

more willing to explore the use of the computer for teaching topics other than

the conic sections. They were looking forward to increasing their skills with

using the computer as an instructional aid. Had the duration of the study been
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longer than the 9 months, there might have been even more encouraging

results. As the teachers become even more confident, the advantages of using

the computer as an instructional aid in mathematics can be expected to

increase.

Suggestions for Further Research

There are several avenues suggested by this study for further research.

This study was a unique approach that combined the concepts of staff

development, student achievement, and the use of the computer as an

instructional aid. The following studies could be undertaken:

1. One study might extend the period of study to at least 2 years to give

the teachers time to become proficient in using the computer for instructional

purposes.

2. A second study could extend the scope to other topics from

Algebra II, such as functions or statistical analysis, or to other courses such as

geometry or Algebra I or other subject areas such as science or social studies.

3. Another study might alter the type of instruction given by providing

each student with a computer and appropriate software to engage in discovery

of mathematical concepts one-on-one with the computer. The teacher would

serve as a resource rather than providing direct instruction.
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4. It would be interesting to investigate the possibility that the use of

the computer tends to keep students interested in mathematics and encourages

students to select higher level classes.

5. Given the resources, one could compare various mathematics

software packages to determine which is more effective.
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TEACHER INFORMATION SHEET

Name School Date

Please complete the following:
1. Female Kale

2. Age: 20-29 ___ 30-39 __ 40-49 __ 50-59 ___ 60-69 _

3. Degree/s Earned: Undergraduate ___ Masters __ PhD _

4. Mathematics is your primary teaching field: Yes __ No

5. Years teaching experience (counting this year):
1-2 __ 3-4 __ 5-10 __ 11-15 __ over 15

6. Years teaching in ISD (counting this year):
1-2 __ 3-4 __ 5-10 __ 11-15 __ over 15

7. Years teaching Algebra II (counting this year):
1-2 __ 3-4 __ 5-10 __ 11-15 __ over 15

8. Years teaching Algebra II or higher (counting this year):
1-2 __ 3-4 __ 5-10 __ 11-15 __ over 15

9. In using computers, you consider yourself to be a/n:

nonusez

novice

intermediate

experienced user

10. You REGULARLY use the following types of software (check
those that apply):

mathematics application
(such as Math Exploration
Tool Kit, Master Grapher)

word processor

grading program

spread sheet

test generator

programming languages
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STUDENT INFORMATION SHEET

Name School - Date

Please complete the following:

1. Female - Male

2. Grade level: 9 _ 10 _ 11 _ 12 __

3. Are you taking Algebra II for the first time? Yes _ No

4. Immediately after high school what do you plan to do?

find employment and begin a career

begin a career in the military

attend a vocational training school

attend a two-year college

attend a four-year college

5. Do you have a computer at home? Yes No

6. Indicate those ways in which you regularly use a computer

(either at home or at school); check all that apply, or none if

you do not use a computer regularly:

games, bulletin boards, leisure activities, etc.

data base searching (includes library card catalog)

computer language programming

CAD/CAM design; engineering applications
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FOLLOW-UP QUESTIONNAIRE GRAPHING SKILLS STUDY

1. To what extent did you use the computer to teach the unit on
conic sections? (Just circle the best answer or comment)

Not At All A Few Times Several Times Extensively

2. To what extent did you use the computer to teach other topics
in Algebra II this past year?

Not At All A Few Times Several Times Extensively

3. If you used the computer to teach conic sections, do you
feel that it enhanced the instructional process? (Circle or
comment)

Not At AltI Somewhat Very Helpful

4. Do you plan to use the computer next year in the Algebra II
classes?

Not At All Somewhat Extensively

5. If you used the computer, what comments do you have about the
software? (MasterGrapher has a new version available that
supports standard form in addition to the general form)

6. Do you plan to take an entire class to the computer lab next
year so that each student would interact with the software?

Yes No

7. Do you have any other comments?
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Informed Consent for Teacher Training
in the Use of Graphing Software

High School

I, _, agree to participate in a
study of the effectiveness of teacher training conducted at

High School in Independent School District.
I understand that the purpose of the study is to improve teacher
training on the use of computers in mathematics instruction.

I understand that my participation is voluntary and that I
may withdraw at any time. I understand that there is no risk or
discomfort directly involved with this. I understand that if I
choose to participate, I will be expected to 1) attend a one day
training session on graphing software and the use of the Apple
computer; 2) attend two after-school follow-up sessions of
approximately 1 1/2 hours each; 3) take a computer attitude test
at the beginning of the year and again at the end of the year;
4) answer a brief demographic questionnaire for teachers;
5) administer to all my Algebra II students a test of graphing
skills as a pre-test and post-test of their understanding of the
graphs of conic sections; 6) administer to all my Algebra II
students a pre-test and post-test of their attitudes towards
mathematics; and 7) administer to all my Algebra II students a
brief demographic questionnaire for students.

I have been informed that any information obtained in this
study will be recorded with a code rather than with my name. The
researcher will not have a record which identifies me as an
individual. Under this condition, I agree that any information
obtained in this study may be used in any way thought best for
publication or education.

If I have any questions, I should contact the researcher,
Sallie Loop, at (work) or (home).

(Date) (Signature of Participating Teacher)

(Date) (Investigator)

THIS PROJECT HAS BEEN REVIEWED BY UNIVERSITY OF NORTH TEXAS
COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS.



73

Informed Consent for Evaluation of
the Use of Graphing Software

I, , agree to participate in a
study of the effectiveness of teacher training conducted in the

Independent School District. I understand that the
purpose of the study is to improve teacher training on the use of
computers in mathematics instruction.

I understand that my participation is voluntary and that I
may withdraw at any time. I understand that there is no risk or
discomfort directly involved with this. I understand that if I
choose to participate, I will be expected to 1) take a computer
attitude test at the beginning of the year and again at the end
of the year; 2) answer a brief demographic questionnaire for
teachers; 3) administer to all my Algebra II students a test of
graphing skills as a pre-test and post-test of their
understanding of the graphs of conic sections; 4) administer to
all my Algebra II students a pre-test and post-test of their
attitudes towards mathematics; and 5) administer to all my
Algebra II students a brief demographic questionnaire for
students.

I have been informed that any information obtained in this
study will be recorded with a code rather than with my name. The
researcher will not have a record which identifies me as an
individual. Under this condition, I agree that any information
obtained in this study may be used in any way thought best for
publication or education.

If I have any questions, I should contact the researcher,
Sallie Loop, at (work) or (home).

(Date) (Signature of Participating Teacher)

(Date) (Investigator)

THIS PROJECT HAS BEEN REVIEWED BY UNIVERSITY OF NORTH TEXAS
COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS.
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Instructions for taking the Test of Graphing Skills.

I. This test is designed to test your knowledge of graphingskills and concepts related to graphing conic sections.

2. There is a time limit to the test. Please take no more than25 minutes to complete the test. That does not permit timeto graph each equation on the test. Use what you knowabout the relationships between the coefficients in thestandard form of the conic section to determine the correctanswer. If you have no idea, try to eliminate thoseanswers that are not correct and then select the mostappropriate answer of those left.

3. Please mark your answer on the scantron provided and besure to put your student code number name on the scantron.
You may write on the test booklet.

4. Your student code number will be an eight-digit code:
the last four digits of your phone number followed bythe two digits of your birth month (01-12) followed bythe two digits of your day of birth. For instance,
if you were the following person,

Susie Student
phone number : 348-2345
Birthday: April 3, 1975

Code: 2345-04-03
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1

Test of Graphing Skills

l. Which of the following equations corresponds to the given
graph?

a) x -y -1 *0.

b) a'- y +1 =0

c)x06+y -'ml0

d) gfr*y + 1 a 0

2. Given the special case of the general formula
(AxL Ixy + Cy 6+ Dx + Ey + F) in which
Bo0, C"0, DoO, El such that Ax&o+ y + 7 a 0,
as Al becomes larger, the corresponding graph
becomes

a) wider b) narrower c) an unchanged shape
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2
3. Which of the following describes the graph of the

equation 6Wa24x - y + 18 a 0 1

a) opens down and crosses the x-axis at (-3,0) and (-1,0)
b) opens up and crosses the x-axis at (1,0) and (3,0)
c) opens down and crosses the x-axis at (1,0) and (3,0)d) opens up and crosses the x-axis at (-3,0) and (-1,0)

4. Which of the following represents the graph of the
equation a2+ y a 0 7

b)

a

d) j~fl
If ~Im~nI.&m.I..m

y

r4 30?J

.12I
x

a)

C)

- --- t i i -

x

t

'



5. Which of the following represents
equation y a x I

y
8) 1)

C)
y

3

the graph of the

y

11 A -

y

-t t1 1

a

6. The graph of the equation x + yl-14x -10y -g a 0
would be a

a. circle b. parabola c. ellipse d. hyperbola

7. The graph of the equation 4ma +y A'-25 a 0 would be a

a. circle b. parabola c. ellipse d. hyperbola

78
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4

S. Which of the following represents
equation 1xa'+ 25y '- 225 a 0 ?

a) b)

0-.*0

YIP
c)

9Which of the
graph?

77~~

the graph of the

i/I.
.4

y

z

x:x

following equations corresponds to the given

a) zx - y + 4 - 0

b) a'+ y + 4 0

C) x2,. y . 4 . 0

d) xa'+ y - 4 0
>1

__---___.

r- A- I -A 3 0 in

-

-

OWR*Mm*Mw.d

-
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5

10. Which of the following represents the graph of the
equation 25x 1+ ya.- 225 n 0 ?

y
a) b)y

4 6b - am

C)

Il. Which of the
given raph?

y

4-

>1

t-s---

a

y

/9
1' -.

x

following equations corresponds to the

a) xe+ y'-- 36 a 0

b) -x+ y&- 36 a 0

007x
c) x y&- 36 a 0

4) xa+9y&- 36a 0



12. Which of the following represents the graph of theequation 25xA m*y ',- 225 * 0 ?

7

lf

)

j~rns ~ rn m

b)

A A1

d)

'-A
I:

13. Given the general equation
AxA+ Bxy + Cy X+ Dx + Ey + + 0
if A 'm C and 3 a 0, then the graph is a/n

a. circle b. parabola c. ellipse

J

x

(w
f' ---A -x

d. hyperbola

81

a)

6

I wvbdm

/ eo*0007-1

rooodl
cl

/10'" .



14. Which of the following represents
equation -2 5 xA+ +yd - 225 a 0 ?

a)

C)

Io~I

the graph of the

~>b)

-- :

'4/

I1 I

k

y3

15. Given the general equation
xa+ ixy 4 Cy a+ Dx +Ey + 0,

if A is not equal to C, A and C have
a n 0, then the graph is a/n

the same sign, and

d. hyperbolab. parabola c. ellipse
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7

-I-

tool

I

a . circle*
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Table 17

Data Used for the Reliability Test of the Test of Graphing Skills

Student Pretest Posttest Student Pretest Posttest

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

7
2
8
6
7
8
4
5
3
6
7
8
5
4
5
5
2
3
5
3
3
5

12

6
2
7
6
7
7
5
3
1
7
6
7
4
4
7
5
3
4
5
5
3
5

14

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

9
9

14
9
9

10
7

13
12
11
9
9

11
10
10
9
8
9

13
12
6
9

9
12
14
9
6
9
9

12
12
10
10
8

12
10
9
8
9
7

13
12
4
8
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(f) Algebra II (1 unit). Algebra II shall include the following essential
elements:

(1) Development of mathematical structure. The student shall be
provided opportunities to:

(A) compare and contrast the real number system and its various
subsystems in terms of structural characteristics;

(B) investigate examples and nonexamples of fields using the real
number system and its various finite and infinite subsystems;
and

(C) develop the complex number system and its operations.

(2) Quadratic functions. The student shall be provided opportunities
to:

(A) solve quadratic equations by completing the square;

(B) develop and apply the quadratic formula;

(C) find a quadratic equation given its roots;

(D) explore the effects of simple parameter changes on the graph
of a quadratic function, using computer graphing techniques
where appropriate;

(E) use characteristics of a quadratic function to sketch the
related curve;

(F) determine the equation of quadratic functions from their
graphs; and

(G) use quadratic functions as models in real-world problem
situations.

(3) Quadratic relations. The student shall be provided opportunities
to:

(A) explore the graphs of algebraic representations of conic
sections and make generalizations that allow classification
of these algebraic representations as circles, ellipses,
hyperbolas, or parabolas, using calculators or computers
where appropriate;

(B) verify graphs of conic sections using computer graphing
techniques where appropriate;

(C) use characteristics of conic sections to sketch the related
curves;

(D) determine equations of conic sections from their graphs; and
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(E) use quadratic relations as models in real-world problem
situations.

(4) Systems of equations. The student shall be provided opportunities
to:

(A) use the linear combination (addition-subtraction) method to
solve systems of three linear equations in three variables;

(B) use augmented matrices by hand or by computer to solve two-
or three-variable linear systems;

(C) apply linear programming techniques to model and solve real-
world situations, using the computer or calculator, where
appropriate; and

(D) solve quadratic-quadratic and quadratic-linear systems, and
confirm the solution by computer graphing techniques.

(5) Numerical methods and higher degree polynomials. The student
shall be provided opportunities to:

(A) use successive approximations on the calculator or computer
to solve higher degree equations;

(B) apply synthetic substitution to find functional values of
higher degree polynomials;

(C) use the Fundamental Theorem of Algebra and the Factor Theorem
to factor higher degree polynomials;

(D) graph higher degree polynomial functions using computer
graphing techniques;

(E) solve higher degree polynomial equations using computer
graphing techniques; and

(F) use an iterative process (algebraic or geometric) to
approximate irrational roots of higher degree functions.

(6) Exponential and logarithmic functions. The student shall be
provided opportunities to:

(A) investigate the concept of nth root and convert between
exponential and radical forms of an expression;

(3) extend the properties of exponents to include rational
exponents;

(C) investigate exponential functions and their inverses to
develop the definition of logarithm;

(D) explore the graphs of exponential and logarithmic functions
using computer graphing techniques;
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(E) convert between logarithmic and exponential forms of an
equation;

(F) apply properties of logarithms to solve equations; and

(G) apply logarithmic and exponential functions in problem
situations using the computer or calculator.

(7) Rational algebraic functions. The student shall be provided

opportunities to:

(A) simplify complex fractions;

(B) graph rational algebraic functions (using computer graphing
techniques where appropriate) to develop an intuitive
understanding of the concept of limit; and

(C) use direct and inverse variation functions as models to make
predictions in real-world situations.

(8) Sequences and series. The student shall be provided opportunities
to:

(A) investigate patterns in given sequences and use the patterns

or recursive or generator formulas to find additional terms;

(B) investigate and graph geometric and.arithmetic sequences;

(C) find the nth partial sum of geometric or arithmetic series
and find n given the nth term or partial sum;

(D) investigate convergent geometric series;

(E) use sequences and series as models in real-world problem
situations;

(F) use the Binomial Theorem to expand powers of binomial
expressions; and

(G) solve enumeration problems involving permutations and
combinations.

(9) Data handling and analysis. The student shall be provided
opportunities to:

(A) recognize the importance of unbiased sampling and valid
reasoning in statistical arguments;

(3) select an appropriate sampling method for a given real-world
problem situation;

(C) interpret probabilities relative to the normal distribution;

(D) design a simple statistical experiment to test a hypothesis
generated by a real-world problem situation and interpret the
results; and

(E) use computer simulation methods to represent and solve
problem situations involving uncertainty.
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WHAT YOU NEED TO INOW TO BEGIN

Is.DOS
You will need some limited knowledge of DOS (rhymes with

"BOSS"). DOS stands for Disk Operating System and allows the user
(you) to communicate with the computer using English-like commands
and to control all the devices that the computer uses (such as the
disk drives and the printer).

A. Apple II coMputers, there are two common types
of DOS--

1. DOS 3.3 and
2. ProDos

Diskettes formatted for one type of operating system
cannot be used on the other. ProDos is newer and provides
hard disk storage management.

B. IBM personal computers there are at least two as well--
1. Microsoft Disk Operating System (MS/DOS)
2. Operating System 2 (OS2)

By far the most common is the Microsoft Disk Operating System
(called MS/DOS). The OS2 is barely on the market. All of
our IBM and TI computers use MS/DOS. However, there are
several VERSIONS of MS/DOS (to add to the confusion). If you
have a computer at home, be sure you know what version of DOS
you have. Newer versions of DOS can "read" disks that were
prepared under the older versions of DOS, but the reverse is
not true. We have MS/DOS version 3.3, but there is a version
4.1 on the market.
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II. DISK DRIVES and DISKETTES
A. DISK DRIVES

There is much confusion about disk drives. There arethree basic types that are used in the school
environment:
1. 3.5" drives, which can be engineered to store in1high density mode (1.44 Megabytes capacity) ordouble density mode(720 Kilobytes capacity); inour school, we have some of each; the high densitywill be labeled with "1.44 M".
2. 5.25" drives, which can be engineered to store inhigh density or double density mode (all those inthe school are double density, as far as I know).The Apple II computers write to and read from onlyONE side of the disk; all but some very old IBM'sread and write to BOTH sides of the disk.3. Hard Disk drives, which may store from 10 to 70 (ormore) Megabytes of information; these are usuallypermanently fixed in the computer.

B. FLOPPY DISKETTES, which are removeable and come intwo sizes:
1. 3.5" (which we will be using and which are often

called "micro disks"); if you plan to use
3.5" drives, you may purchase either "double
density" or "high density" disks. If you planto use 1.44 M. drives, you may wish to investin the high density diskettes (BUT IT IS NOTNECESSARY). WARNING: diskettes prepared onhigh density (1.44M) drives cannot be used bythe other double density type of drives unlessyou use special commands when preparing thedisk.

2. 5.25" (these are older and less durable). The oldApple II computers only have single-sided
drives, so it will only read or write to oneside of the diskette. In order to use the"other" side of the Apple disks, .you have tophysically turn the disk over in the drive.This should not be done with the IBM (or TI)
computers.
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III. PRINTERS
There are two large classes of printers used with the
personal computers:
A. Dot matrix printer, which uses a "grid" of small doth

to form the characters (which dots are activated depends
on the character to be formed). Since the grid is the
same size for each character, all characters occupy the
same space on the paper. These are less expensive and
fairly durable, so are frequently selected for schools.
Most dot matrix printers now have what is called a "near
letter-quality" mode, which overprints the letters and
gives a more "typewriter" appearance to the letters. The
disadvantage for the near letter-quality mode is that it
is considerably slower than than "draft" mode. These
use a "parallel" cable, which means all bits used to
represent a character are transmitted at once (in
parallel).

B. Letter-quality printer, which is usually a laser design or
ink jet design; both of these allow for proportional
spacing of letters so that the letter "I" takes up less
space on the page as the letter "W", for instance.
These use a "serial" cable, which means that each bit is
transmitted one at a time; much slower than the parallel.

IV. MONITORS
The monitor is the display device or "screen." The display
device uses tiny dots of light (called "pixels") to create
patterns on the screen. The number of pixels determines the
"resolution" or detail of the image. The more pixels, the
better the image and a resulting increase in the amount of
computer memory necessary to store the image. For color
monitors, color information (RGB colors red, blue, green)
must be stored for each pixel as well as intensity, etc.
There are two large classes of monitors:
A. Monochrome black and white (or green or amber) - used for

word processing and/or desk top publishing since a better
quality "resolution" can be achieved; usually less
expensive and easy to read

B. Color - there are many categories of these, from which
several have been selected; there may be a graphics card
added to the computer to achieve the resolution indicated:
(there are low, medium, and high resolution modes within
each of the categories).
1. CGA (Color Graphics Adapter)-generally 320x200 pixels
2. oCGA (Multicolor Graphics Array) - "
3. EGA (Enhanced Graphics Adapter) -generally 640x200
4. VGA (Video Graphics Array) - up to 640x480
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IV. MEMORY
There are two broad categories of memory in the computer:
A. ROM - Read Only Memory (this memory holds the information

that the manufacturer does not want destroyed; the user
can only use the data, but cannot alter the data)

B. RAM - Random Access Memory (this is temporary memory that
acts as a "scratch pad" while the computer is running; whenthe computer power is turned off, this memory is usuallylost--unless your computer has "constant memory"). Memory
is measured in BYTES. A BYTE is series of eight BITS,
where a BIT is a binary digit that can store either a
zero or a one. Since most computer operate in binary,
every measure is a power of two.
BIT - one binary digit
BYTE - series of 8 bits; stores one character
WORD - may be 2 or 4 bytes (or even 8)
KILOBYTE - 1024 bytes ("I"), approximately a thousand bytesMEGABYTE - 1000 kilobytes, approximately a million bytes

VI. xISCEJmEOUS VOCABULARY
A. Binary Number System - older personal computers were

built on an 8-bit scheme which means the computer handles
8 bits at a time. If one wishes to represent an integer
using 8 bits, it would be 1 1 1 1 1 1 1 1. This expandsto 255, if one does not care about positive and negative
numbers. To reserve one bit for a sign, the largest
positive integer would be 0 1 1 1 1 1 1 1. This
represents +127 (base 10). The newer personal computersuse a 16-bit scheme in which the largest positive integerwould be 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1. This number is+32,767 (base 10). Requiring more overhead of space,
representing real numbers (decimal numbers) is much likescientific notation in which the computer stores thefractional part and the exponent part in addition to sign
information.

B. ASCII representation of characters - most personal
computers use the ASCII (American Standard Code forInformation Interchange) code for storing characters.
Each character in the character set has a unique code.The representation for all the printing characters fits in8 bits of memory. For example, the representation for the
letter "A" is 0 1 0 0 0 0 0 1, which is 65 (base 10). Therepresentation for "a" is 0 1 1 0 0 0 0 1, which is 97(base 10). Notice that "A" and "a" are not the samecharacter. The letter "0" and the digit "0" are not thesame character either. People accustomed to using the
letter "I" for the digit "1" on the typewriter arecautioned to use the digit where it is appropriate and totake care to distinguish zero from the letter "oh."



92

C. Interpreter versus Compiler - an interpreter accepts eachline of a series of English-like commands and executes it;a cOepiler accepts all the lines of Enlish-like commands
and translates them into a module written in the machine'sconnands. The machine's ocrmnands are not easily read by ahuman, but the computer can execute them very quickly.
Generally, if you use BASIC, you will be using aninterpreter. If you purchase a language such as PASCAL or
C, you will be provided a compiler.

D. BASIC - (Beginner's All-Purpose Symbolic Instruction Code)is an English-like computer programming language thatwas developed from Fortran in the mid sixties and duringthe seventies was widely adopted for the personalcomputers because it is relatively easy to learn and wasdistributed free with the purchase of a personal computer.It is far from appropriate for all programing
applications, but is appropriate for programming beginnersor for short applications. BASIC programs are not very
portable"--that is programs written in BASIC for the IBMgenerally cannot be run on the Apple without some (ormany) modifications.

E. Program - a series of instructions that the computer willcarry out (we "execute" or "run" a program after we havewritten it).

F. Boot the computer - the process of turning on the power tothe computer and loading the operating system into thecomputer's RAM.
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INSTRUCTIONS FOR USING YOUR TELEVISION AS A COMPUTER MONITOR

I. You have a remote control'.
1. Put the diskette in the Apple computer and turn on the

power to the computer and the screen.
2. Use the remote control to turn on the television.
3. It should be set to channel 3 or 4. If not, then do so.
4. Select MnU.
5. Select 6 (INPUT).
6. Select 2 (AUX-IN).
7. Use the SThTUS selection to clear the screen of the menu.

II. You do not have a remote control:
1. Put the .diskette in the Apple computer and turn on the

power to the computer and the screen.
2. Press POWER button on the television.
3. It should be set to channel 3 or 4. If not, then do so.
4. Press the NUR button on the television.
5. Press the ADVANCE button until INPUT is selected.
6. Press the + button until AUX-IN is selected.
7. Press the STATUS button until menu display is cleared from

the screen.

III. To use for receiving ISD cable television.
1. Turn on the television.
2. Select MEDU.-
3. Select 6 (INPUT).

46. Select I (ANTENNA).
5. Select correct station.
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INTRODUCTION TO MASTER CAPER SOFTWARE e APPLE VRSI
1. When you put the disk in the drive and turn on the computerthe Master Grapher disk contains the operating syst so thatthe program runs without any further intervention on your part.Soon the screen will display the copyright. Press any keyto bring up the menu of choins.

2. You will be penmitted to select tram:
1) Run the Function Grapher
2) Run the Conic Grapher
3) Run the Parametric Grapher
4) Run the Polar Grapher
5) Run the 3D Surface Grapher

6) Run the Instructional Grapher
7) See instructions

3. For our training, you probably will need only options 1 and 2.
4. Press "1" to select Function Grapher and "Y" for yes, color
monitor.'

5. There is a function already defined in the program off(x) a sin (x) and the current "viewing rectangle" is[-10,10] by [-10,101. That is the x values from -10 to 10are displayed and only the corresponding y values that fallbetween -10 and 10. Points off the screen will not appear.
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FUNCTION GRAPHl

The right hand side of the screen displays the options. You
select one by pressing the corresponding key or symbol. Listed
below are the options and a brief description of what each one
does: V c th

C) Clng Vt-change the viewing rectangle; be sure that the
animz x is less than the mximwn a and the sans for the

minim=n and maxima= y values specified.
D) DfIt V it - restore the original default viewing rectangle to

(-10,102 by [-10,102.
2) toom - allows the screen to show more of a graph by zooming

out or a smaller part of the graph by zooming in.
1) Zoom in - you will define the new viewing rectangle by

defining a new rectangle on the screen; put the crosshair
on one corner of a diagonal (using arrow keys) and anchor
it with the space bar; now drag the rectangle to the
opposite corner of the diagonal and press the space bar
again; function is replotted.

0) Zoom out - you will need to select a zoom factor for the
x axis and the y axis (they can be different)

P) To point - put the crosshair (using arrow keys) on the
point that you wish to be the center of the new viewing
rectangle; it will "zoom in" by a factor of 1/10 th.

T) Out x 10 - zooms out by a factor of 10; center unchanged.

L) Lattice - a grid similar to the lines on a piece of graph
paper; dots are spaced according to the "Tick" units
specified at the bottom of the screen.

F) Define f - allows you to define a function to graph; will
graph immediately unless it is being A) ADDed.

0) Define g - allows you to define a second function; to show
the graph you will need to A) ADD g(a).

K) PIt mode- plotting mode to specify f, g, or their inverses
are to be drawn automatically.

R) Replot - redraws whatever functions are currently selected
A) Add g(a) - overlays giW) as you have defined it on the graph
H) Mrs line - allows you to position (using the arrow keys) a

horizontal line up and down the screen; press space bar for
the y-intercept; press ESC to go back to the options.

V) Vrt line - similar to Hrz line but draws a vertical line
K) Crosshr - horizontal and vertical lines intersect at the

crosshair point and the space bar will display the
coordinates of the intersection of the lines; ESC to leave.

/) Pnts/Ln - toggles between Points mode and Lines mode;
in Points mode, only discrete points on the graph are
plotted; in line mode, the points are connected by line
segments to make the graph appear smooth and continuous
(this may not be very satisfactory on the Apple Ile screen).

5) Resolutn - controls the resolution or density of the dots;
more dots make a more satisfactory graph but may take longer
to draw.

P) Print - prints the current' graph on paper (printer necessary)
Q) Quit - exit the program to reboot the disk
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ARITOCETIC OPERATIONS FOR DEFINING F()

+ for addition
- for subtraction
* for smultiplication (computer does not understand .5x;

type .5 * a instead)
f for division
a for exponentiation (X2 is the square of Y)

WILT-IN (INTRINSIC) FUNCTIONS FOR DEFINING F(X)
ABSCI) - absolute value of X
EXPCX) - the exponential function e to the power X
LOG(X) - the natural log of X base e

Note: LOG(M)/LOG(IO) is log of a base 10, e.g.
SGN(X) - sign of X (signum function)
SIN(S) - sine of x, in radians
COS(S) - cosine of a, in radians
INT CX ) - greatest integer function
SQR(S) - square root function; a may not be negative

Note: To plot the nth root of X you could specify '
Xr(2/n) but only those points in the first quadrant will be
plotted. To generate the entire graph, use
ABS(X)/X * XBS() a (1/n)

NOTE: While Master Grapher is drawing, you may press the space
bar to interrupt the drawing process; press the space bar again
to resume.

Sample functions suggested by the MasterGrapher Handbook:
1. f(x) 2x I

2. f(x) a,-3

3. f(x) a Ix + 51
a

4. f(x) * (-1)(x-1)

5. f(x) ..J 3 (The last 2 will need to
21C be plotted in Point mode;

( + 2) use Resolution co miand
to increase the density

6. f Cx) * J....... of the points plotted)
X + 1



97

PRACTICE WITH SOM OF THE OPTIONS

1. Graph f (x) *aaA- 23x + 132 and adJust using Zoom out..
.0- -- using I timer S and Y tins 10.

2. Graph f(x) a -5x + 7x + 6x + 25
Zoom Out using I for x and 100 for the y factor;
mow use ZoocM In to inspect the neighborhood of (0,0).

3. Graph f(x) a
AdJust the viewing rectangle to focus in on the first and
second quadrants.
Select 0) Define g(x) as g(x) a 2x (tnter as 2*x)
Now A) Add g(x) to the original graph.
Repeat with g(x) a 1/2 x (Enter as 1/2 * x)

g(x) a 1/4 X (Enter as 1/4 * x)

4. Graph f(x) a x - 3x - 2
Estimate the coordinates of the vertex of the parabola using
K) Crosshr command to position the crosshair over the point
and reading the coordinates from the s=ren.
Estimate the coordinates of the roots.
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CONIC GRAPMEl

C) Chng V R - change viewing rectangle
D) Dflt V R - revert to default viewing rectangle (10 by 10)
Z) Zoom - soom in or out; same as Function Grapher
L) Lattico - superimpose a grid on the graph
Z) Dein Ef q - define equations; for conic equations in the

general form AXA, ray + CY41+ Dx + Ky 47 *a 0

Each coefficient must be entered even if it is zero (if
you press return, a zero will be entered so do this carefully).
You may select
1) Conic 1 - define the first conic equation
2) Conic 2 - define the second conic equation
F) Function - define a function

T) Trns/Rot'- translate or rotate either conic; for translation,
you may specify the new center; for rotation, you specify
the number of radians from the origin (positive values rotate
the figure counterclockwise); rotations are relative to the
ORIGIlIL figure.

M) Plt Mode - plotting mode; you may select to plot only
Conic i, only Conic 2, or only the function, OR any
combination; the selection will determine which defined
equations are automatically plotted.

R) Replot - redraw the conic/function according to the Plot modeA) Add fn - add a function
H) Hr: line - position a horizontal line using arrow keys
V) Vrt line - position a vertical line using arrow keys*
K) Crosshr - position a crosshair using arrow keys; use space bar

to get coordinates
/) Pts/Lin - toggles between plotting in points or line segments
5) Resolute - resolution; use to increase density of points
P) Print - print the graph
Q) Quit - leave the Master Grapher
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LINEAR EQPATIONS WORKsHEET
From the Main Menu of Master Grapher, select 1) Run function
The slope-intercept fonm of a linear equation is

Y a HM + B

where N is the "slope" of the line. The slope is the steepness ofthe line expressed as a ratio.
Vertical change

Horizontal change

We will be investigating the slope to see how it affec thesteepness of the graph. The B will be investigated later.For now, we will asswne that B50.

I. Increasing the value of N, the slope.From the Function Grapher menu, select F) Define f.
Enter the function y ax or f (x) x

( N, the slope, equals 1 and B * 0)
From the Function Grapher menu, -select a) Define g.
Enter the function y a 2x. You will need to enter it as 2 * x.
Select A) Add g(x) to compare this new function with f(x) * a.
Select 0) Define g.

.Enter the function y * 3x.You will need to enter it as x(x) * 3 * x.
What is the effect of increasing the value of M. What would youpredict the function gW a 10 * a would look like?

II. Negative values of H, the slope.Select F) and enter the function f a *a-a.You will need to enter in the form f(x) sa -a *g,Press the space bar to show the equation you entered.Now using G) define g(x) * -2 * a and A) to add to the graph.Now using 0) define g(a) * -5 * x and A) to add to the graph.
What is the effect of negative values of N?

III. Fractional values of M. the slope.Select F) and enter the function f(x) 1/S* a.Select 0) to define g(a) * -1/4 *x (use A) to add to graph)Select G) to define g(x) a -1/2 *a (use A) to add to graph)Select 0) to define g(a)* - 3/8*x (use A) to add to graph).
IV. What do ALL of these graphs have in oon (when B 0)?
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HIME= DEGREE FUNCTIONS

Equations of the form y x + b have graphs that are lines.Equations of the fom y axr2 + bx + c have graphs that arparabolas. We will investigate higher degree functions, that isfunctions whose equations are of degree greater than 2.
Fromhthe Main Menu of the Master Grapher, select 1) Run FunctionOrapher.
From the Function Grapher menu, select y) Define f and enterthe equation f (z) *as)0.

Experiment with the Z) Zoom (I In to illustrate the graph.
I. Based on your observations when working with linear andquadratic functions, what do you suspect will be the effect of anadditive constant on the graph of this function?
Select 0) Define g and define g(x) * x3 + I.Select A) Add g to show both on the same axes.
Use 0) and A) to graph g(x) a x)3 - I on the same axes.What does the additive constant do to thetgraph?
11. What effect does a multiplicative constant have on a graph?Select R) Replot to redisplay f(x) * C)3Use G) and A) to define g(x) a 4 xC3 (Enter as 4 * x03)What is the effect of the coefficient?
Select R) Replot to redisplay f(x) & x3Use G) and A) to define g(x) a -4 x^3 (Enter as -4 * x3)What is the effect of a negative coefficient?

What is the effect of the additive constant?What is the of fact of the multiplicative constant?

II. Zeros of functionsHow many zeros did each of the functions have that we Just drew?Define f(x) *aC4'3+5
Using the Z) Zoom I) In twice and L) Lattice, estimate the valueof the zero/s of the function.

Use F) to define f(x) )x3 -2xC2 -5x + 6(Enter as f(x) a x3 - 2*xC2 - 5*x +6)How many zeros does this function have?Using 2) Zoom I) In, estimate the value of the zero/s of thefunction.

Use F) to define f(x) a x3 -W2 + 4(Enter as f(x) - x3 - 3 * x2 + 4)Use 2) Zoom I) In to generate a suitable viewing screen.How many zeros does this function have?Using Zoom, estimate the value of the zero/s of the function.



101

III. The number of zeros of cubic functions
Discuss double roots and complex roots that occtr in conjugate

In general, what is the shape of a cubic function.and howmany zeros vill it have?A

IV. Quartic Functions (4th degree ).Use what you observed in cubic functions to write the equation ofa quartic function that has one real root of multiplicity four.
Enter the graph you generated into the computer and check your

Write the equation of a quartic function that has two real roots.
Use 7) Dedfine f to draw the following graph:

f(x) * x h4 -2x3 -3x2 + 4x + 4
(Enter as x*4 - 2*xC3 -3*x*2 * 4*x +6)

Use Z) Zoom I) In to investigate the roots.

Now draw the followinS:

f(x) * 't - x"3 - x2 - x - 2Use Z) Zoom I) In to investigate the roots.
What is the general shape of a quartic function?
How many zeros will it have?

In what combinations of real and complex will they occur?
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QUADRATIC FUNCTIONS VORKSIEET

The graph of a quadratic function is a curved figure called a
parabola. The general form of a quadratic function is

y A+ a X+ C
We will look at how changes in the coefficients A, B and C can
alter the way the corresponding graph looks.

1. Assume that B and C will be zero and we will look at the
function y = x-2 (the square of x).
From the Main Menu of Master Grapher, select 1) Run Function
Grapher.
From the Function Grapher Menu, select F) Define f.
Enter the function f(x) a x a 2
(Remember that the graph extends infinitely off the screen.)
Select G) Define g and enter the function g(X) a - 1 * (a a02)

Select A) Add g(x) to add this function to the original one.
What does the minus sign in front do to the graph?

II. What does increasing A do to the graph?
Select C) Chg VR to [-5.53 on the x and [-10.101 on the y.
Select G) and define g(x) a 2 * (a a 2)
Select A) to add this function to the graph.
Select G) and define g(x) a 5 * (x 2)
Select A) to add this function to the graph.
What does increasing A, the coefficient of x squared, do to

the graph?

III. What does decreasing A do to the graph?
Select R) Replot (redraws the original f(x) * * 2)
Select G) and define gXa) * 1/2 * (x 2)
Select A) to add this to the graph.
Select 0) to define g(x) * 1/10 * (x 2)
Select A) to add this to the graph.
What does decreasing A, the coefficient of a squared, do to

the graph?

IV. Can you predict what the graph of f(x) a -1/2 * (x a 2)
would look like?
What about f(x) * -5 * (x a 2)?

V. Compared to f(x) * a a 2, what generalizaton can you make
about the graph of a quadratic function in the form
f() .aAe (a-k2) if the IAI > 1? What if the IAI (1?

VI. What generalization can you make about the graph in the same
form with positive values of A? What can you state about
negative value of A?
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VI. Repeat this process using 2=0 and various values of C to
illustrate what would happen if C is positive/negative,
increasing or decreasing.
Select F) Define f and draw fx) * a* 2 +. 1
Select 0) Define g and define gx) * a a 2 + 3
Select A) Add to show this second function.
Select 0) and devine zix) * x a2 + 5
Select A) to add this new function.
flat is ef fect of increasing C?

Select F) to define f(x) n a 2 + 1/3
Select Z) Zoom I) In to more clearly see the graph.
What is the effect of decreasing C?

Select D) Default to restore original scale.
Select F) to define f(x) * a a 2 1
Select G) to define g(x) * a 2 - 3
Select A) to add this new function.
Select G) to define gix) * a 2 - 5 and A) to add it.

Select F) to define f(x) n a 2 1/3
Select Z) Zoom I) In to better investigate the x-intercept.
What is the effect of using negative values of C?

VII. Combine change in A with change in C.
What would the graph of f(x) a 2 * (xa 2) * 5 look like?
Select F) Define f to enter that equation.
Using 0) and A) twice,

graph on the same axes with g(x) - 2 ( ix a 2) and
g(x) ix( 2) + 5

VIII. Draw graphs in standard form fix) * a(x - h) a 2 + k
Select F) to draw f(x) * (x - 2) a 2
Select 0) and A) twice to draw g(x) (x - 2) * 2 +

gix) * (x - 2) 2 -3
What is the significance of the k. the constant term?
What is the significance of the h in the standard equation?
Select V) Vrt line to draw a vertical line where x a 2.

Explore what happens for various values of a, the coefficient
of the (x - h) a 2 tea.

Select R) Redraw to display the f(x) (x - 2) a 2
Select 0) and A) several times to draw the following:
ix) 2 * (x - 2) a 2

g(x)a 3 * (x - 2) a 2
g(xO * 1/2* (x- 2) * 2



104

SINUSOIDAL VARIATION WORKSHEET

The general equation of a sinusoidal curve is

Y a c + a sin b (X - d)

From the main menu of the Master Grapher, select 1) Run Function
Grapher.

I. Amplitude
Select F) Define f option and enter the following:

f(x) aSIN(X)
Use the Z) Zoom I) In to adjust the viewing window; f(x) will fall
between -1 and I and x will be expressed in radians.

Select 0) Define g option and enter the following:
g(x) a 2 * SIN(X)

Use D)Default to restore the viewing window as the graph
stretches.

Select A) Add g to add to overlay the original graph.

Select G) and A) to define g(x) a 5 * SIN(X) and then overlay.
What is the effect of increasing the "a" of our general equation?

Can you make a generalization about "a" in Y . a sin X?
What is the effect on the amplitude?

II. Period
Use F) to define f (x) a SIN(X)
Use 0) to define g(x) * SIN(2 X)
Use 2) Zoom IJIn to display on the same axes.
What is the period of the second function?

Use 0) Define g(x) a SIN(4 * X)
What is the period of this function?

Use R) Replot to redraw f(x) * IN(X).
Use 0) to define g(x) a SIN( 1/2 * X)
What is the period of this function?

What conclusion can you draw from these graphs about the period
of the function Y"a sin b (a)? What is the effect of "b" on the
period? (2 pi / b)

III. Predict the shape of each of the following and then graph on
the computer.

1. Y45 514 SIN(X)
2. Yua 3*COS(X)
3. Y a 2*SIN(4 * X)
4. Y a 1/4 * COS(2*X)
S. Ya -5 * SIN(3/2*X)
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IV. Phase shift
Several of the following equations involve pi. The ZEN version
supports the use of the identifier pi, but the Apple does not have
such a convenience. You may use an approximation such as 3.16159

Use R) Replot to redraw f(x) a SINCE
Use 0) to define g(x) a SINCX - 3.14159/2)
What is the effect of subtracting pi/2 here (the "d" of the

general equation Y c + a sin b ( - d)]?

What can you tell me about the X-intercepts?

Use F) to define f(x) a COS(Z)
Use 0) and A) to define and display g(x) COSCX - 3.11159)
Use 0) and A) to define f (x) a SINCX - 3.14159/4)
Compare the last two functions.

Using 0) and A) define and draw g(x) * SINCX + 3.14159/2)

Use F) to define f(z) cos(X + 3.14159)

What is the effect of the "d" in the equation Y a sin ( - d)?
The "d" is the "phase shift" or "phase displacement."

V. Vertical Shift
Graph each of the following;
Use F) to define f(x) a 2 + SIN()
Use G) and A) to define and draw g(x) a 3 + SIN()
Use G) and A) to define and draw g(x) a -3 + SIN()
Use 0) and A) to define and draw g(x) a -2 + COSCX)

What conclusions can you draw about the "c" in the general
equation? The "c" is the vertical shift.

VI . Review
In the general equation Y a c + a sin b (X - 6),

lal is the amplitude
2 pi / fbi is the period
c is the vertical shift
d is the phase displacement

VI. Predict and then graph each of the following:
.Ya 1 + 3 * SIN(2 * (2-3.1159/2))

2. Y n -5 + 4 * COS 3 * (2 + 3.14159) )

3. Y -2 + 1/2 * SIN( 2/3 * (X + 3.16159/1) )

4. Y * 3 - 2 * COS( 4 * X - 3 * 1.14159/2) )
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DPNENTIAL/LOGaITHMIC FUNCTIONS WORKSHT
From the main menu of Master Grapher, select 1) Run FunctionGrapher.
Select F) Define f and enter the function f(x) a EWPG)Select G) Define X and enter the function gx) * XP xSelect A) Add to display both on the same axes.
What do you notice about these two functions?

Select a point on f(x) a LOGx) (log base e)If a * 2, then f a(x) * LOG(2)
Try to draw a line that is tangent to f(x) at that point.(Draw on the screen with washable marker or use graph paper.)What does it appear that the slope would be of that tangent line?(It appears that the slope at x n 2 on the f(x) aLOG(a) is 1/2.2
Using 0) and A) , reenter g(x) a EXP(x) and determine what theslope might be for the point (OG(2), 2)--the matching point tothe (2, WOG(2)on fW x) * WO)

(Draw on the screen with washable marker or use graph paper.)[It appears that the slope at x = LOG(2) on g(x) * EKPa)is2.2
Repeat the process for point (4v, LOG()) for f(x) and (LOG(4), 4)on g(a).P

What is the relationship between the two values f'(4) andg'(ln 4.) ?

What generalization can be made about a point Cx, f(x)) on onegraph and the corresponding point (f (x), x) on the inverse?
II. A second graph.

Select F) Define f and enter f(a) SQR(X-4) x >a 4Select M) PIt Mode and 3) to specify f and the inverse of f tobe plotted automatically.
Estimate the equation of the inverse function.

g(x) __

Find the value of g'(4), the value of the derivative at thevalue 4.
For what x is f(x) a4?

Find ft of that value using the derivative of f(x).

Form the reciprocal to determine g'(4) in the inverse function.

III. A third graph: f()aaxa 3 + x - 2Draw the graph and without finding the actual function s(x),determine g'1 (0).a
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CONIC SECTIONS - CIRCLE

From the Main Menu of the Master Grapher, select 2) Run Conic
frapher.

You may enter 2 conic equations and one function at one time using
the E) Defn Eqs option.

The general form must be used for all conic section equations:

ax &+ fy * C 7 4  Dx+mEy+F a0

All values must be entered but you may press the CReturn> key to
indicate a value of zero for a given coefficient.
The graph of a circle of radius 3 and center at the origin is
already entered when you call up the Conic Grapher. You may
change this equation. Line mode is recommended for conics.
I. Introduction to Conic Sections

Select M) Plot Mode to display Conic 1 and Conic 2.
Select E) and 1) Conic 1 to graph x42 + y*2 - 16 by entering
the following:

Aa D1 2 0 C a1 Du 0 E 0 F-16

Select E) and 2) Conic 2 to graph x02* +4y2 a 16 by entering
the following:

Aa D1 a0 C a4 Da 0 E* m0 F a -16
Select R) Replot and then press space bar to see equations.
How do these differ?

Select E) and 1) to graph x02- y2a 16 by entering the
following:

AB1 DvU0 C a -1 D a 0 E 0 Fsa -16

Select 2) and 2) to graph x*2 4 y 16 by entering the
following:

Al 3 a0 C 0 D 0 E a1 F a -16
Select R) Replot and then press space bar to see equations.
How do these differ?

II. CIRCLES: If 3 a 0 and A w C (not 0), then the graph will be a
circle. Graph each of the following:

1. (4+ 1) 0 2 + (y + 3) 0 2 a 4 (standard fozmEqu.9l)
Put into the general fon. as x*2 + y2 +2x + 6y + 6 * 0
where Awl, IsO, Cl, D2, Em6, F6
Where is the center? What is the radius?
How do these data relate to the standard form formula(Equ 91)?

2. (x + 5)*2 + (y - 1)*2 a 75 (standard form, Equ. 92)
In general form, it is CR2 + y2 + 10x - 2y -49 * 0
where A1, BnO, Cal, D10, E=-2, 7. -49
(Zoom Out Xx2 and Yx2; then Zoom In to get closer)
Where is the center? What is the radius?
How do these data relate to the standard form formula(Equ 92)?

3. The standard fon. of the circle is (:-h)a2 + (y-k)a2 ar2
where the center of the circle is at (hk) and radius is r.
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CONIC SECTIONS - PARABOLA

From the Main Menu of the Master Grapher, select 2) Run Conic
Grapher.

You may enter 2 conic equations and one function at one time using
the E) Defn Eqs option.

The general form must be used for all conic section equations:

A z2 + xy + C-y'2 + Dx + Ey + F a 0

All values must be entered but if you press (Return> a value of
zero will be entered.

I. Which way will the graph open?
Select M) Mode and B) Both to show two graphs at once.
Graph each of the following:
Select E) Defn Eqs and 1) to define x^2 + 6x + y + 5 a 0
(Enter: A =1 B a0 C 0 D a 6 Eb 6 F a 5)
Use K) Crosshr to find where the vertex ("the turning point")

is located.

Select E) and 2) to define x2. - y - 2 a 0
(Enter: AaI B a 0 C 0D Dma 0 E a -1 F a -2)

Use K) to find where the vertex is located.

What do these two equations have in comon (compare A through
F)? What do the graphs have in comon? Recall from your study
of quadratic functions the definition of a function.

Now select K) and 2) to define 4y2 - x + 4y -16 * 0
(Enter : Aa 50 B a0 C 4 D a -4 E 4 F a -16)
Where is the vertex (use K) Crosshr)?
How is this graph different from the other two?
What is different about the equation from the other two?

II. Converting to standard form:
(x - h) 0 2 a bp(y - k) when focus is (h, k + p)

directrix is y k - p
(y-k)2ba4p(x - h) where focus is (h+ p, k)

directrix is x h - p
(is not a function)

Select M) Mode and 1) for only one equation.
Select R) Redraw to redisplay 4y0 2 - 4x + 4y - 16 a 0 and draw
in where you think that the directrix would be using V) Vert
line. Complete the square to find the equation of the vertical
line of the directrix.
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CONIC SECTIONS - ELLIPSE

From the Main Menu of the Master Grapher, select 2) Run Conic
Grapher. You may enter 2 conic equations and one function at one
time using E) Defn Eqs option.

The general form must be used for all conic section equations:

A x02 + 3 xy + C ye2 + Dx + Ey * F m 0

All values must be entered, but if you press <Return> a value of
zero will be entered.

I.
Select M) Mode and B) Both to draw two graphs at a time.
Graph each of the following:
Select E) Defn eqs and 1) to define x02 + 2 ye2 - 10 * 0
(Enter: A1, ESO, C2, DwO, E0, F-10)

Select E) and 2) to define x2 + 5 y"2 - 10 * 0
(Enter: Au1, 0e, C5, D0, E 0, F-10)

What is the maJor axis?
What happened as C increased?

Select E) Defn eqs and 1) to define 2 x2 + yea - 10 * 0
(Enter: Aw2, BO, Cal, D0, E=0, Fe-10)

Select E) and 2) to define 5 x2 + ye2 - 10 * 0
(Enter: A=5, B0, Ca1, D0, E'0, F-I0)

What is the maJor axis?
How do the first two ellipses differ from the second two?
What generalization can be made about A and C of the general
equation?

II. Graph the following:
Select E) and 1) to define x2 + 4 ye2 + 4x + By - S * 0
(Enter: Al, 390, C4, D=4, EB, F-S)

Select E) and 2) to define ex*2 + ye2 + 4x + 9By - *a 0
(Enter: A'4, 3=0, C1, D6, EB, F-S)

What happens when A is larger than C?
What happens when C is larger than A?
What effect does having D and E not zero have on the graph?
What generalization can you snake about the sign of A and

the sign of C?

III. What would a figure resemble in which A and C are both
negative?
Select M) Mode and 1) to show Just one graph.
Select E) Defn Equ and 1) to define -3 x*2 -y42 + 10 * 0
(What value do you enter for A, 3, C, D E, and F?)

IV. What if 3 is not equal to zero?
Graph the following:
Select E) Defn equ and 1) to define

x2 + 3 xy + 4 ye2 + &x + By-8 * 0
(Enter: A1, B3, C4., D4, E=8, F-8)
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V. The standard form of the ellipse is:
(x -h) *2 (y-k) 2

.-- &-40----+m------- * where a is semi-major axis
a*2 b*2 in which major axis is horizontal

WO-04----+4- --- ------ o major axis is vertical
b 2 a*2

Given the following equation,
25 x2* 9 y02 + 15Ox -m36Y + 36 0

Which conic section would you expect?

By completing the square, transform the equation into standard

form:

Where would you expect the center to be ?

Which axis will be the major axis?

Which the minor axis?

The value of a (the semi-maJor axis) is -

The value of b (the semi-minor axis) is .

The value of c (the distance to each of the foci) is -

Where would the foci be located ? -

Draw the conic section using Master Grapher and compare the

results with your predictions.
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CONIC SECTIONS - HYPERBOLA

From the Main Menu of the Master Grapher, select 2) Run Consi

Grapher. You may enter 2 conic equations and one function at a

time using E) Defn Eqs option.

The general form must be used for all conic section equations:

A x2 + xy+ C y02 + Dx + Ey + F a 0

All values must be entered, but if you press <retrun>, a value of

zero will be entered.

I. Select M) Mode and B) Both to draw two graphs at a time.
Graph each of the following:
Select E) Defn Eqs and 1) to define 4 x^ a- 9 y"2 - 36 s 0

(Enter: A=4, 5B0, Cw-9, VD0, E0, F-36)
Select E) and 2) to define x*2 - 3 ya2 -10 * 0

(Enter: Aw1, 3=0, Ca-3, bD=, E=0, F*-10)
What is the conjugate axis? the transverse axis?
What do you notice about the signs of A and C?
What did you determine about the signs of A and C when

we drew the ellipse?

Select E) and 1) to define-25 x02 + 9 y%2-225 a 0
(Enter: An-25, 5=Ot Cw9, D=0, E=0, Fw-225)

Select E) and 2) to define -1 x%2 + 3 y*2 -25 * 0
(Enter: A-1, 5n0, Cw3, DwO, E=0, F-25)

What is the conjugate axis? the transverse axis?

How do the first two hyperbolas differ from the second two?
What generalization can be made about A and C of the general
equation?



fom of the hyperb
(y - k)"2
--------

b'.

(NOTE: in standard form
the value on the right hand
side is POSITIVE)

(y- k)2

a-2

x h)2

b'2

ola is:

(h,k) the center;
-foci horizontal.
a is semi-distance between
vertices on transerse axis a
units from center;
b semi-distance on conJugate
axis

(h,k) the center;
foci vertical;
a and b defined as above

In both cases, the foci are a units from the center, where
c'2 a-2 + b'Z.

Given the following equation,
4x"2 - y02 + 24x + 4y + 28 * 0
Which conic section would you expect?
By completing the square, transform the equation into standard
form:

Where would you expect the center to be?
Which axis will be the transverse axis?
Which axis will be the conjugate axis?
The value of a (the semi-major distance to vertices) is -
The value of b (the semi-minor distance) is
The value of c (the distance to the foci) is
Where would the foci be located?

Draw the conic section using Waster Grapher and compare the
results with your predictions.
Use X) Mode and 1) to draw only one figure.
Then select E) and 1) to enter the value for A, .e C, D, E, and F.
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11. The standard
(x - h)o2

-- * 
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