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ABSTRACT 

This study was designed to determine the effect of a 

laboratory-based mathematics course on pre-service 

teachers' beliefs toward the use of graphing calculators, 

computer algebra systems, and geometry software in 

mathematics instruction at the middle school level. A 

seven page, three part survey was developed and 

administered on the first day of class. The survey asked 

for student profile information, opinions about mathematics 

in general, and opinions about the use of technology in 

mathematics instruction. Analysis of the pre-survey served 

as a basis for selection of four students upon whom to 

focus during daily classroom observations. At the end of 

the semester, a post-survey similar to the pre-survey was 

administered. Although research indicates that pre-service 

teachers' beliefs about teaching and learning mathematics 

are resistant to change, qualitative and quantitative 

analysis of the student surveys and analysis of daily in-

class observations suggest that over the course of the 

semester there was a positive effect on student beliefs and 

attitudes about the use of technology in mathematics 

instruction. The factors producing this positive effect 

are also analyzed. 
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CHAPTER I 

INTRODUCTION 

1.1 Purpose of Study 

The use of calculators and computers as tools in the 

teaching and learning process is a main area of interest 

concerning the future of mathematics education. While many 

educators now recognize technology's potential to facilitate 

learning, others remain somewhat hesitant. Not surprisingly, 

the adoption of technology-enhanced curricula or the purchase 

of new software may not be sufficient to guarantee a 

successful blending of old with new. When new technology is 

introduced into the curriculum, "It is important to examine 

how the teacher views the innovation, its value as a teaching 

tool, and how it is adapted into instruction" (Barton, 1996, 

p. 1) Since it is ultimately the teacher who determines 

how, when, and in what context technology will be used in the 

classroom, these concerns must be addressed. 

With the goal of identifying factors involved in 

increasing knowledge of and potential willingness to 

implement technology into the classroom, this study examined 

a laboratory-based capstone mathematics course designed for 

pre-service middle school teachers. Two primary research 

questions motivated this work: (1) What effect does this 

course have on pre-service teachers' visual interpretation of 

functions? and (2) What effect does this course have on pre-
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service teachers' attitudes toward the use of mathematics-

specific technologies in mathematics instruction? This work 

investigates question 2, whereas investigation of question 1 

appears in a separate work (Jumper, 2000). 

1-2 Course Description 

At Texas Tech University, in order to earn certification 

to teach elementary or middle school, a student must complete 

a 9-hour sequence in mathematics, which includes courses in 

College Algebra, Elementary Analysis, Probability and 

Statistics, and Elementary Geometry. The supplementary title 

of "mathematics specialist" requires an additional 12 hours 

of mathematics including Calculus, Finite Mathematics, Number 

Theory, and Computing Literacy. For the past several years, 

faculty have been working to improve the computing literacy 

course requirement (MATH 4371) since its initial offering in 

the summer of 1995. Many of the initial ideas for this 

course, as well as modifications made since its inception, 

emerged from recommendations from the Chicago conference: "On 

the Mathematical Preparation of Elementary School Teachers" 

[University of Chicago, 1992]; NCTM standards: Professional 

Standards for Teaching Mathematics [NCTM, 1991]; and the 

Garfunkel/Young report: "In the Beginning: Mathematical 

Preparation for Elementary School Teachers" [COMAP, Inc., 

1992] (Harris, 1997). 



According to Harris, being computer literate does not 

necessarily mean being fluent in many different computer 

languages or being well versed in the use of many different 

forms of teclinology. On the contrary, with the wide variety 

of technologies available on the market today, not to mention 

new systems constantly being developed and upgraded, how do 

we even define what is meant by the phrase "computer 

literate?" Indeed, "over-dependence on a particular 

technology might well be viewed as a hindrance" (Harris, 

1997, p. 1). With these ideas in mind, the design of MATH 

4371, Basic Computer Literacy and Programming, emerged as a 

comparative teclinology course that emphasizes the 

capabilities of technology in general, rather than the unique 

qualities of any particular system being examined. Through 

an overall atmosphere of discovery, rather than direct 

instruction, the students learn to explore and adapt to 

different teclinologies, as well as assess technology's impact 

in the classroom. MATH 4371 is a capstone course that 

reinforces topics studied previously by revisiting them in a 

guided discovery learning atmosphere with mathematics 

specific technology as the primary learning aid. 

The specific technologies compared in MATH 4371 include 

the TI-85 scientific graphing calculator (SGC), and MAPLE, an 

example of a computer algebra system (CAS) . The use of paper 

and pencil (P&P), incorporated throughout the course, 

underscores the advantages and disadvantages of utilizing 



technology. Toward the end of the term, a geometry software 

program, LOGO, is introduced to the students. No textbook is 

used in this course; instead, instructors utilize an online 

workbook/lab manual that can be easily modified as needed. 

The laboratory setting of the class requires a de-emphasis on 

lecturing. Primarily, students work together in pairs, with 

instructors encouraging them to ask questions while 

completing the exercises. Usually the students perform 

selected computations using the three methods (P&P, SGC, and 

CAS) and compare the results. See Appendix A for sample 

exercises. 

An important component of the curriculum of MATH 4371 is 

an assigned reading list covering topics ranging from 

professional teaching standards to excerpts from documents 

discussing the importance of incorporating teclinology into 

the classroom (Appendix B) . Upon completion of these 

readings, the pre-service teachers are asked to write an 

essay detailing their impressions. 

1.3 Student Population 

As mentioned, students enrolled in MATH 4371 are seeking 

a mathematics specialist certification. Examining the prior 

courses in the 21 hour sequence listed above, one would 

assume all the students possess strong mathematical 

backgrounds. Nevertheless, students in this class often have 

experienced lapses in their curriculum, taking classes out of 



sequence or substituting other classes for the recommended 

ones. Most have had little or no experience with computer 

algebra systems, and while most are familiar with basic 

aritlimetic operations using hand-held calculators, they have 

had little or no experience utilizing the more sophisticated 

features of a graphing calculator. The majority of the 

students who enroll in MATH 4371 are female, with a 

substantial proportion of them being non-traditional students 

returning to college, some of whom have previously completed 

their teaching degrees and are now seeking advanced 

certification. 

The class under investigation in this project was held 

during the second summer session of 1999, meeting for 90 

minutes a day, Monday through Friday, for five weeks. 

Twenty-three students initially signed up for the course. 

One student, who lacked many of the prerequisites needed for 

success in this course, dropped the class early into the 

term. All the remaining students went on to successfully 

complete MATH 4371. 

The class studied during summer 1999 was consistent with 

prior student backgrounds: 87% female, 13% male. Most of the 

students enrolled were seeking the "mathematics specialist" 

degree described earlier, referred to at Texas Tech 

University as the Multi-Disciplinary Studies Bachelor of 

Science degree. Of the 23 students enrolled, 18 (78.3%) 

claimed Multi-Disciplinary Studies as a major, while 3 (13%) 



were mathematics majors, and 2 (8.7%) claimed other majors. 

The ages of the students participating in this class were 

grouped by decades according to the respondent's year of 

birth. Although the majority of the class, 78.3% were 

traditional students born between 1970 and 1979, there was a 

substantial portion of the class who were non-traditional 

students 4.3% born from 1960 to 1969, and 17.4% born 

between 1950 and 1959. 

Prior exposure to mathematics may influence student 

attitudes toward mathematics in general and the use of 

teclinology to learn mathematics. Thus, we collected data on 

the number of full years of mathematics taken during high 

school. (Refer to Table 1.1.) 

Table 1.1: Full Years of Mathematics Taken During Grades 9-12 

Number of Years 

4 

3 

2 

1 

Number of Students 

13 

8 

2 

0 

Percentage of Class 

56.5 

34.8 

8.7 

0.0 

1•4 Overview of the Study 

A seven-page, three-part survey was developed and 

administered on the first day of class. The first part of 

the survey asked for general student profile information. 



Part two focused on previous experience with mathematics 

courses and exposure to mathematics-specific technology; 

while, part three focused on the pre-service teachers' 

attitudes and beliefs about the use of technology in the 

mathematics classroom. 

Analysis of the pre-survey served as a basis for 

selection of four students from the class upon whom to focus 

during daily classroom observations. In addition to the pre-

survey administered on the first day of class, students 

completed a similar post-survey at the end of the course. 

Other qualitative data available included selected 

workbook assignments, interspersed with student reflections 

on the material involved. These were collected and examined 

for evidence of evolving student attitudes. The pre-service 

teachers' essays, inspired by the required reading list for 

MATH 4371, along with departmental course evaluations 

administered at the end of the term were also examined. 



CHAPTER II 

LITERARY REVIEW 

2.1 Evidence that Pre-Service Teachers' Beliefs 
are Resistant to Change 

Numerous articles in the literature examine individuals 

wishing to pursue careers in teaching, particularly those 

interested in teaching Kindergarten through grade twelve. 

One recurring theme in this research is the focus on 

understanding the beliefs and attitudes these individuals 

possess prior to entering post-secondary education. Many of 

these pre-service teachers possess strongly held convictions 

regarding the role of the teacher in the classroom, exactly 

what is meant by "teaching," and the student's responsibility 

in the "learning process." Several of the studies summarized 

in this paper describe the tenacity with which many pre-

service teachers cling to their set of preconceived 

definitions and ideas, even when challenged by innovative, 

alternative techniques. Researchers have invested 

significant time and effort developing intervention methods 

designed not only to force pre-service teachers to confront 

and re-examine their closely held beliefs, but to effect a 

lasting change as well. 

The existence of this set of beliefs held by teacher 

education students is well documented in the literature 

(Ball, 1989; Holt-Reynolds, 1992; McDiarmid, 1990; Schram, et 

al., 1988; Zeichner & Listen, 1987). For example, beginning 
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teacher education students tend to believe that teaching 

subject matter is an activity dominated by telling or 

showing, a view not only prevalent in schools, but in our 

broader culture as well (McDiarmid, 1990) . This belief among 

pre-service teachers is particularly evident when the subject 

matter is mathematics. In a study by Diane Holt-Reynolds 

(1992), pre-service teachers echoed the sentiment that, 

"lecturing is necessary given specific subject matter" (p. 

333). In particular, three mathematics majors included in 

the study shared the belief that, "math must be told to 

learners" and agreed that, "learning math is easier if a 

teacher lectures," consequently connecting learning from math 

texts to a need for some form of teacher-telling (p. 335) . 

All carried positive images of classrooms where lecturing 

dominated, helping them to learn math; therefore, they each 

saw lecturing as an inherent, necessary feature of "good" 

instruction in math (Holt-Reynolds, 1992). 

The belief that interest or excitement or having fun 

will be the key concern, perhaps the only concern, for 

teachers hoping to foster learning is a powerful one (Holt-

Reynolds, 1992) . The pre-service teachers in her study 

talked about the positive correlation between students' 

interest in a subject and students' efforts to learn. They 

claimed that learning is exclusively a matter of motivation 

and agreed that "interestingness" is the most important 

attribute of instruction. Pre-service teachers in a study by 



James Calderhead and Maurice Robson (1991) expressed similar 

sentiments in wanting to create an enthusiastic, lively 

classroom atmosphere, and viewed learning as a questioning, 

curiosity-driven process encouraging dialog between all 

participants. Mathematics, however, was viewed as an 

exception. One teacher expressed: 

If there's going to be a quiet lesson in my classroom, 
then I'd say math would be the one. Math is basically 
concentration. They've got to be able to sit down and 
think about it. In math, they've got to do it 
themselves or there's no point doing it. (Calderhead & 
Robson, 1991, p. 4) 

This sentiment supports yet another belief held by 

prospective teachers: Learning means remembering, at least 

in mathematics. They believe that learning results primarily 

from practice,. as this will help pupils remember rules, 

procedures, and facts (Ball, 1989). The more learners 

practice spelling words, doing computations, choosing the 

correct adverb to fit the blank, answering end-of-chapter 

questions, etc., the more they will learn (McDiarmid, 1990). 

This image of learning is reinforced and confirmed through 

their own prior experiences as students. 

Another notion held, especially in the area of 

elementary level mathematics, is that the subject matter is 

"simple" (Ball, 1989) and that the pre-service teachers 

already know enough to start teaching even before beginning 

their professional studies (McDiarmid, 1990). Referring to 

the study by Calderhead & Robson (1991), Anna repeatedly 

claims that she is not learning anything from college studies 
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and argues that the only way to learn to teach "is by going 

out and doing it" (p. 4) . Similarly, another beginning 

teacher, Alison, already feels confident in her ability to 

teach; what she wants from teacher training is familiarity 

with the latest ideas and curriculum materials (Calderhead & 

Robson, 1991). According to McDiarmid (1990), most 

prospective elementary teachers claim dislike and a lack of 

aptitude for mathematics; nevertheless, this is not perceived 

as a personal handicap. Prospective teachers feel they can 

safely depend on the "basic math," i.e., addition, 

subtraction, fractions, decimals, etc. learned in school and 

focus on methods instead (McDiarmid, 1990). 

Pre-service teachers also possess beliefs focused toward 

students and their role in the learning process. Operating 

under the assumption that every child is unique or special, 

most prospective elementary teachers believe that different 

objectives and standards should be applied to different 

students (McDiarmid, 1990) . Many also believe that some 

children are not capable of learning basic skills in reading 

and math (McDiarmid, 1990) . This sentiment is supported by 

Harriet, who talks enthusiastically about Piaget, claiming 

that, "her study of Piaget helped her understand why some 

children just cannot do certain things" (Calderhead & Robson, 

1991, p. 5). 

There is little doubt that students' experiences outside 

the boundaries of teacher education programs exert a great 
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deal of influence on their attitudes toward teaching (Feiman-

Nemser, 1983). "Pre-service teachers' beliefs are typically 

generalizations based on references to themselves in the role 

of students" (HoIt-Reynolds, 1992, p. 339) . Their experiences 

as students themselves are viewed as prototypical and 

generalizable, and are used to develop beliefs about how 

other students would react to particular teaching techniques 

and classroom situations. One logical consequence of 

operating out of personal history-based beliefs is that 

individual personal histories constitute a sample of only one 

(Holt-Reynolds, 1992). 

Calderhead and Robson (1991) found that student teachers 

spend time imagining their classroom performance and that 

some students have quite powerful and influential images of 

teaching. These images appear to be rather inflexible, 

restricted, rigid, and insensitive. Moreover, student 

teachers seem to lack the knowledge or skill to adapt, 

question, or modify these images either before or during 

their course of formal instruction (Calderhead & Robson, 

1991). 

Several attempts have been made to design field 

experiences that challenge pre-service teachers to examine 

their closely held beliefs. Kenneth Zeichner and Daniel 

Listen (1987) summarize the implementation of the elementary 

student-teaching program at the University of Wisconsin, 

Madison, a program which is oriented toward the goal of 

12 



"reflective teaching." Several strategies were employed to 

overcome "the prevalent attitude among student teachers that 

time spent on inquiry and reflection is time taken away from 

the more important tasks of applying and demonstrating 

knowledge and skills" (Zeichner & Listen, 1987, p. 41) . The 

authors conclude that the student teaching component did not 

significantly alter the pre-service teachers' views about 

teaching. Students entering the program with initial 

perspectives and beliefs about the role of the teacher and 

the curriculum left with those same beliefs essentially 

intact. Indeed, over the course of the semester many pre-

service teachers became even more skillful in articulating 

and implementing their previous beliefs. The authors concede 

that a 15 week semester may be too brief to overcome the 

influence of prior experience and commonly held beliefs. 

(Zeichner & Listen, 1987). 

McDiarmid (1990) designed his field experience to force 

pre-service teachers to recognize the inadequacy of their 

understanding of mathematics for teaching even young children 

"easy stuff," specifically operations with positive and 

negative numbers. Several students were unnerved to discover 

their understanding of mathematics inadequate to the task of 

explaining in writing the solution to -8 - (-2) . Despite 

evidence that several prospective teachers reconsidered their 

initial beliefs and orientations, McDiarmid remains skeptical 

about the effects of this course in producing individuals 
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able to transfer the lessons they learned about the teaching 

and learning of mathematics to other subjects (McDiarmid, 

1990) . 

McDiarmid likens the collection of pre-conceived ideals 

that prospective teachers possess to a spider's web with each 

strand representing a particular belief about teaching, 

learning, subject matter, knowledge, etc. With each strand 

interwoven and supporting the others, the web is remarkably 

resilient and strong. "Severing one strand barely diminishes 

the overall strength of the whole" (McDiarmid, 1990, p. 18) . 

Thus the task of "tearing down" this web and altering this 

set of pre-conceived attitudes and beliefs is a formidable 

one indeed. 

2.2 Evidence of Technology's Impact on 
Pre-Service Teachers' Attitudes 

Technology has revolutionized virtually every aspect of 

our society, becoming a major factor in education at every 

level as well. The necessity of incorporating technology 

into the classrooms of the 21st century is seldom disputed. 

A report published by the National Council for Accreditation 

of Teacher Education states, "The nation's teacher education 

institutions must close the teaching and learning technology 

gap between where we are and where we need to be. Teacher 

education institutions must prepare their students to teach 

in tomorrow's classrooms" (NCATE, 1997, p. i) . Particularly 

in mathematics, technology continues to develop as a 

14 



prominent feature in the educational landscape. The National 

Council of Teachers of Mathematics recommends that 

calculators with graphing capabilities should be available to 

all students at all times together with a computer in all 

classrooms for demonstration purposes (NCTM, 1989) . 

Although educators may recognize the need to improve 

mathematics instruction and agree upon incorporating 

technology into this goal, other problems may surface. At 

Southeastern Louisiana University, a program to initiate the 

use of graphing calculators into college algebra courses met 

with some opposition from administrators as well as faculty 

(0'Callaghan, 1998). Administrators were concerned about the 

impact of calculators on students, whereas some faculty 

members were reluctant to change their pedagogical 

approaches. Others voiced arguments that students would 

become "button pushers" rather than problem solvers 

(0'Callaghan, 1998). Susan Barton discovered similar 

attitudes among calculus teachers she studied regarding the 

use of graphing calculators and their initial concern that 

the calculator might dominate the course. If this became the 

case, "they believed it would be better to discontinue its 

use, since their primary objective was to teach the calculus, 

not the calculator" (Barton, 1996, p. 3). 

Similar teacher attitudes toward technology have been of 

interest to researchers in recent years, based on the belief 

that "attitudes toward technologies many influence their 
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effective and innovative use" (Savenye, 1993, p. 1) . 

Research has shown that a pre-service teacher's initial 

attitude toward technology may either positively or 

negatively impact their future use of educational technology 

in the classroom (Reznich, 1996). Unfortunately, the 

majority of pre-service teachers continue to enter 

institutions of higher learning lacking the positive 

attitudes, proper skills, and knowledge in the use of 

computers (Gunter, Gunter, & Wiens, 1998). The question 

becomes: how do we encourage teachers, who are not the 

catalysts for curriculum refo2rm nor advocates for using 

technology in mathematics instruction, to accept and 

successfully integrate new technologies into their 

classrooms? Numerous intervention programs have been 

developed and subsequently analyzed in an effort to influence 

pre-service teacher attitudes and beliefs towards technology 

in an attempt to achieve this goal. 

When creating their Computers in Mathematics Education 

program for pre-service teachers in Portugal, one goal of 

Rosendo and Silva (1997) was to put participants at ease with 

what they would later teach. In a country where less than 5% 

of teachers use computers in their classrooms, most of the 

pre-service teachers enrolled did not initially feel at ease 

in front of a computer. Their curriculum employed hands-on 

experimentation with various mathematical softwares, 

stressing connections with curriculums these students would 
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teach in the future. Rosendo and Silva report that students 

reacted very well to this course, attending regularly and 

participating actively. After two weeks of classes, 

"students feel enormously at ease with the computer, " 

discussing with interest the use of computers in the 

mathematics classroom (Rosendo & Silva, 1997, p- 2). 

Savenye (1993) investigated how attitudes among pre-

service teachers were influenced by participation in a 10 

week summer session computer applications course. Surveys 

given at the beginning and end of the course indicated that 

attitudes toward computers were generally more positive after 

completion of the course. Students' responses indicated that 

they liked computers more, had less anxiety about using 

computers, had more confidence in their ability to learn 

about and use computers, and generally valued computers more 

for education (Savenye, 1993). These pre-service teachers 

claimed the significant amount of hands-on practice made them 

feel more comfortable using computers. Savenye concluded 

that the "intense, systematically-designed course emphasizing 

hands-on computer skills teachers would use later in their 

classrooms" was responsible for effecting more positive 

attitudes toward computers (Savenye, 1993, p. 7). 

Acknowledging that pre-service teachers possess 

predetermined attitudes toward technology, researchers at the 

University of Central Florida created a non-threatening 

learning environment to insure a positive and motivational 

17 
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initial exposure to technology (Gunter, Gunter, & Wiens, 

1998) . Students were introduced to a variety of educational 

software programs through hands-on exercises in a non-

traditional classroom setting. Basic computer and software 

skills were practiced repeatedly to assure mastery and 

understanding. Again, surveys administered at the beginning 

and end of the course indicated that students had less 

anxiety, more confidence, and found computers more useful at 

the end of the semester. The researchers concluded that 

knowledge coupled with positive experiences in the classroom 

can produce less anxiety and more positive attitudes toward 

computers; also, "how a course is taught can change students' 

attitudes and perceptions of technology" (Gunter et al., p. 

6) . 

A similar study conducted at California Polytechnic 

State University investigated factors that affect the 

attitudes of pre-service teachers enrolled in a required, 

basic computer literacy course toward computer use in the 

classroom (Okinaka, 1992). This research focused on the 

comfort levels prospective teachers feel toward using 

computers and their intent to use computer technologies in 

their future classrooms. Results indicated that teachers' 

attitudes toward computers were affected favorably when 

teachers are informed about the power of computers in the 

classroom and how computers could be used most effectively. 

According to the author, education and exposure to the 
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technologies were the key ingredients to stimulating computer 

use (Okinaka, 1992). 

Rather than pre-service teachers, Susan Barton (1997) 

chose to analyze the attitudes of five current instructors 

faced with the challenge of integrating graphing calculators 

into their college calculus curriculum. Her research focused 

on the teachers' initial conceptions, their classroom 

experiences, and some of the factors influencing their use of 

the calculators in the classroom. The five instructors had no 

previous experience with graphing calculators and were 

generally skeptical about their potential effectiveness. This 

skepticism earned the instructors the nickname "reluctant 

reformers." Through a series of interviews and weekly 

classroom observations. Barton concluded that the 

instructors' conceptions toward using calculators to teach 

calculus had improved by the end of the study, with all five 

of the teachers stating that the calculators should continue 

to be incorporated into the calculus curriculum. For most 

this change was gradual, progressing as the teachers gained 

more experience using the calculator in class (Barton, 1997). 

Barton goes on to list some important factors determined 

from this study which influenced the teachers' use of 

calculators in instruction. A teacher's inexperience in 

operating the technology, possessing a strong theoretical 

approach, and teaching primarily for skills acquisition were 

seen as inhibiting factors. Some conditions thought to 
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promote the use of technology in the classroom were the 

teacher's familiarity with features of the calculator, 

willingness to risk limited class time demonstrating the 

technology, strong desire for the students to learn how to 

use technology, and viewing the calculator as both an 

instructional and learning tool. 

Each of these programs involved introducing teachers to 

technology in an intensive, immersion-style learning 

situation. Apparently, support, resources, and introducing 

technology through hands-on exercises, combined with a 

positive and motivating atmosphere are needed to create 

successful programs, which will encourage teachers to embrace 

technology. 
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CHAPTER III 

METHODOLOGY 

3.1 Theoretical Framework 

Teachers who have experimented in teaching with 

technology have been motivated to do so based upon positive 

feelings, beliefs, and experiences concerning its use 

(Barton, 1996). An obvious question is: Row does one 

cultivate these positive beliefs and attitudes toward 

technology? Prior research describes a set of preconceived 

beliefs and strongly held convictions possessed by pre-

service teachers (Ball, 1989, Holt-Reynolds, 1992, Kagan, 

1992, McDiarmid, 1990, Schram, et al., 1988, Zeichner & 

Listen, 1987). Some of these ideas include: 

• Teaching is an activity dominated by telling or showing. 

• Learning depends on motivation and interest in the subject 

matter. 

• Learning means remembering (rules, facts, procedures), and 

thus results primarily from practice. 

• Elementary level subject matter is "simple." 

• Some children are not capable of learning basic skills in 

reading or math. 

These closely held beliefs, constructed from the 

individual's personal educational experiences as students 

themselves, are typically tenacious and resistant to change. 

Believing that their personal experiences are generalizable 
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to all students substantiates the prevalent notion that 

teachers tend to teach the way they themselves were taught. 

Additionally, researchers have determined that pre-

service teachers' attitudes toward technology in the 

classroom, specifically the mathematics classroom, greatly 

impact its future incorporation. Some of these concerns are: 

• Feelings of anxiety or lack of confidence using technology. 

• Unfamiliarity with technology's advantages. 

• Skepticism regarding technology's effectiveness. 

• Fear that dependence on technology will de-emphasize the 

importance of learning mathematics skills. 

Overcoming this long, interwoven history of well-

established attitudes and beliefs, toward teaching in general 

and technology in particular, possessed by pre-service 

teachers is a daunting task indeed. McDiarmid (1990) likens 

the task of anyone who tries to that of Don Quixote! 

Nonetheless, several researchers have persisted and 

succeeded in influencing pre-service teachers' attitudes and 

beliefs toward technology use in the classroom. Particularly 

in mathematics, where mathematics specific technology is 

highly versatile and illustrative, a limited yet encouraging 

number of studies exist. 

With these goals in mind, this project evaluates any 

preconceived attitudes or beliefs toward mathematics-specific 

technology that this group of pre-service teachers, many of 

whom are currently teachers, might possess. Furthermore, we 
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ame wish to measure any changes, good or bad, in these s 

beliefs that may have been influenced via exposure to the 

mathematics-specific technology introduced to them in MATH 

4371. This study presents these pre-service teachers' 

experiences throughout this course and analyzes their 

attitudes toward mathematics-specific technology, before, 

during, and upon completion of this course. 

3.2 Methodology 

In order to obtain profile information from the pre-

service teachers enrolled in MATH 4371, as well as insights 

into their experiences in mathematics and any preconceived 

attitudes and beliefs they held toward using technology in 

the classroom, a seven page, three part survey was developed 

and administered on the first day of class. A survey found 

on the University of Illinois web site (University of 

Illinois, on-line) provided several initial ideas, with 

additional questions included. The first part of the survey 

asked for general student profile information such as gender, 

year of birth, race, and major. In addition, students were 

polled on what factors influenced them to pursue mathematics 

as a field, whether they planned to teach grades K through 

12, whether they had family members who were teachers, and 

how many hours they planned to work while completing this 

particular class. 
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Part two of this survey consisted of thirty-nine 

questions detailing experiences with previous mathematics 

courses, exposure to mathematics-based technology, and 

attitudes toward mathematics in general. The respondents 

answered these questions by selecting one of five scaled 

responses. Some sample questions from part two are below. 

Refer to Appendix C for the complete survey. 

In the mathematics classes I took in the last two years of 

high school, I used a graphing calculator to graph functions: 

Never, Almost Never, Occasionally, Frequently, Almost Always 

Mathematics is useful in solving everyday problems: 

Strongly disagree. Disagree, Neutral, Agree, Strongly Agree 

Competence in manipulating algebraic expressions without the 

use of technology is necessary: 

Strongly disagree. Disagree, Neutral, Agree, Strongly Agree 

Part three of the survey contained twenty-one questions 

which examined pre-service teachers' attitudes and beliefs 

regarding specific applications and purposes for using 

mathematics technology, as well as at what grade levels the 

respondents felt it should be introduced. Some sample 

questions from part three are below: 

24 



In middle school mathematics classes, calculators should be 

used as an instructional tool: 

Never, Almost Never, Occasionally, Frequently, Almost Always 

At present, I feel I could use technology effectively in my 

future mathematics classroom: 

Strongly disagree. Disagree, Neutral, Agree, Strongly Agree 

The primary use of a calculator is for finding numerical 

answers to mathematics problems: 

Strongly disagree. Disagree, Neutral, Agree, Strongly Agree 

In addition to the pre-survey administered on the first 

day of class, a post-survey (Appendix D) was administered 

upon completion of the course. The post-survey was identical 

to the pre-survey with a few exceptions. Whereas the initial 

survey had asked how many hours the students planned to work 

during the term, the exit survey asked how many hours they 

actually had worked. Another question unique to the post-

survey was: 

What are your feelings about using technology in mathematics 

instruction? Has your opinion changed as a result of your 

experiences in MATH 4371? If so, how has it changed and why? 
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This question required a short essay response. It was 

included with the hopes of gaining some insight into the pre-

service teachers' attitudes as a result of his or her 

experiences during the course. 

While the pre- and post-surveys would provide us a 

"before and after snapshot" of the participants' attitudes 

and beliefs under investigation, we decided that factors 

involved in any perceived differences in these two portraits 

should be investigated as well. Development of an 

observation rubric (Appendix E) for recording daily classroom 

perceptions addressed this issue. The rubric included space 

to note students' levels of frustration and enthusiasm, 

questions asked, new concepts learned or discoveries made, 

and any positive or negative comments. 

To obtain a more detailed "snapshot" of the effects on 

students' attitudes, we selected two pairs of students -based 

upon responses to the pre-survey - upon which to focus our 

daily classroom observations. The two students in the first 

focus group were both females in their early twenties, 

thereby classified as traditional students. Their responses 

on the pre-survey revealed they were both familiar and 

comfortable with technology in general and possessed moderate 

prior exposure to mathematics-specific technology similar to 

that being introduced in MATH 4371. 

The two students in the second focus group were both 

females; however, in contrast to group one, both were non-
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traditional students and both were already working in the 

educational field as teachers. Their responses on the pre-

survey indicated a weak/low comfort level with technology. 

Both possessed limited exposure to mathematics-specific 

technology beyond that of using hand-held calculators. 

Focus group selection in this manner aimed at a broad 

representation of experiences for individuals not only from 

different age groups, but also from differing levels of prior 

exposure to this type of technology, and comfort using 

technology in general. 

As the students complete exercises in their workbooks, 

they are continually asked to interpret, through a series of 

reflective questions and brief essays what they are learning. 

Some of these responses from worksheets and handouts are 

analyzed. Additional questions, more to the point of this 

research, were designed to elicit attitudes and opinions 

toward the use of technology itself and its role in learning 

mathematics. Responses to these introspective questions are 

also analyzed. Examples are included below: 

Some people think the skill to factor polynomials and 

simplify rational expressions (A.K.A. Algebra II) is becoming 

unnecessary because of CAS's like MAPLE. What is your 

opinion and why? 
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Some educators think it is no longer necessary to stress 

techniques of integration and differentiation in Calculus 

classes. What is your opinion? 

Upon completion of the assigned reading list (Appendix 

B) , each student wrote an essay integrating impressions from 

the articles themselves in addition to their own. Analysis 

and selected excerpts from these essays appear in Chapter IV. 

Class evaluations (refer to Appendix G) administered 

through the university's mathematics department at the end of 

each term provided additional insight into the students' 

overall impressions of MATH 4371. While these survey 

questions are primarily structured to gauge effectiveness of 

the instructor, questions pertaining to the quality of the 

course also appear. In particular we examine: 

The overall quality of the instruction in this course is 

satisfactory. 

Strongly disagree. Disagree, Neutral, Agree, Strongly Agree 

What suggestions do you have for improvement of the teaching 

of this course? 

Answers to this survey, either in the form of a scaled 

response from 1 to 5 or a short-answer format, are examined 

in Chapter IV. 
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3.3 Data Analysis 

Qualitative responses in parts two and three of the 

survey were assigned ordinal values of 1 through 5 in order 

to quantify these responses and calculate appropriate 

statistics. Specifically, responses of Never or Strongly 

Agree were assigned values of 1, while Almost Always and 

Strongly Agree were assigned values of 5. Individual means 

of each question for both the pre- and post-survey responses 

were calculated to determine which questions showed the 

greatest change. Furthermore, paired t and Wilcoxon tests 

were performed on this data. Both these procedures test the 

null hypothesis that the difference between the pre- and 

post-survey means is zero (no change) against the alternative 

hypothesis that their difference is less than or greater than 

zero (improvement noted). P-values and significance levels 

are noted as well. 

The remaining data collected in this study is 

qualitative. Analysis of excerpts from the daily observation 

journal maintained throughout the term reveals evidence or 

lack thereof with regard to effects on attitudes and beliefs. 

In addition, synthesizing responses from the pre-service 

teachers' selected workbook questions, reflections, and 

essays inspired by the required reading list provides 

additional information toward our research question. 
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CHAPTER IV 

RESULTS 

4.1 Results from the Entire Class 

4.1.1 The Survey 

This class began with an initial enrollment of 23 

students; twenty-two students successfully completed the 

course. Therefore, complete data sets, consisting of both 

beginning and ending surveys as well as daily observations 

throughout the term are available for a sample of size 22. Due 

to the lack of statistical independence between the pre- and 

post-survey data sets, and the small sample size being studied 

in this repeated measures experiment, a variety of the t-test, 

referred to as a paired t-test, was used to examine survey 

questions 13-60. Questions 1-12 on Part II of the survey were 

omitted from this particular analysis, since they represented 

student background information that remained constant (see 

Appendix C) . However, means and standard deviations for the 

initial responses on these twelve questions appear in the Table 

4.1. 
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Table 4.1: Means and Standard Deviations for 
Part II, Questions 1-12 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Part II Questions 

Before enrolling in this course, I used a 
computer algebra system: 
Before enrolling in this course, I used a 
geometry program: 
In the mathematics classes I took in 
elementary school, I used a calculator: 
In the mathematics classes I took in 
elementary school, I used a computer: 
In the mathematics classes I took in middle 
school, I used a calculator: 
In the mathematics classes I took in middle 
school, I used a computer: 
In the mathematics classes I took in the 
first two years of high school, I used a 
calculator to perform routine calculations: 
In the mathematics classes I took in the 
first two years of high school, I used a 
computer: 
In the mathematics classes I took in the last 
two years of high school, I used a calculator 
to perform routine calculations: 
In the mathematics classes I took in the last 
two years of high school, I used a computer: 
In the mathematics classes I took in the last 
two years of high school, I used a graphing 
calculator to graph functions: 
In the mathematics classes I took in the last 
two years of high school, I used a computer 
to graph functions: 

Mean 

1.55 

1.55 

2.14 

1.36 

3.00 

1.59 

3.77 

1.77 

3.86 

1.77 

2.91 

1.41 

Std. 
Dev. 
.80 

.74 

1.04 

.79 

1.15 

.96 

1.31 

.92 

1.36 

1.11 

1.57 

.80 

The differences between responses given at the beginning 

of the course and those at the end of the course were 

computed for each subject. For instance, if the pre-survey 

response was 4, and the post-survey response was 3, this 

individual's difference for this question would be -1. The 

paired t-test computes a mean and standard error of these 

differences and determines the probability that the absolute 

value of the mean difference was greater than zero strictly 
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by chance. The results produced by this test, therefore, 

represent a two-tailed test. In our study, since we have a 

reasonable expectation of positive or negative shifts from 

earlier responses, we are justified in selecting a 

directional alternative hypothesis, i.e., a one-tailed test. 

By adjusting the probability values to reflect a one-tailed 

test, we double our rejection value alpha and divide the 

values of probability > |T| in half, thereby increasing the 

power of the test. For this analysis, alpha equals .10, 

meaning the probability is 10% or less that the improvement 

seen on these questions occurred strictly by chance. 

Results from the pre- and post-surveys for the majority 

of these questions reflected some improvement in attitudes -

either higher values on the 1 to 5 ordinal scale for 

positively worded questions, or lower values for negatively 

worded questions. Refer to Table 4.2 below and Appendix F. Of 

the 48 questions analyzed, 16 indicated a significant change 

at the alpha < .10 level using the paired t-test. 
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14 

16 

18 

20 

24 

26 

28 

29 

30 

35 
37 

No. 

5 

12 

13 

15 

20 

Part II Questions 

In order for me to learn mathematics, 
using a computer is helpful: 
I am confident in using computers to do 
mathematics: 
Using computers helps me understand 
mathematics: 
Using computers helps me answer 
questions more quickly and accurately: 
I prefer to do my mathematics homework 
alone: 
I expect to use the material that I will 
learn in this course in my future 
career: 
Mathematics is a good field for creative 
people: 
Mathematics is useful in solving 
everyday problems: 
There is little place for originality in 
solving mathematics problems: 
I am confident in using technology: 
Developing good algebra skills is 
necessary: 

Part III Questions 

In high school mathematics classes, 
calculators should be used as an 
instructional tool: 
In high school mathematics classes, 
computers should be used as a 
demonstration tool: 
In elementary school mathematics 
classes, calculators should be used as a 
learning tool: 
In middle school mathematics classes, 
calculators should be used as a learning 
tool: 
At present, I feel that I could use 
technology effectively in my future 
mathematics classroom: 

Pre-
survey 
3.27 

2.68 

2.86 

3.50 

4.14 

4.14 

3.45 

3.91 

2.86 

3.77 
4.36 

Pre-
survey 
4.18 

4.09 

3.18 

3.68 

3.73 

Post-
survey 
3.68 

3.50 

3.41 

4.00 

3.77 

3.86 

3.82 

4.18 

2.55 

3.91 
4.18 

Post-
survey 
4.41 

4.32 

3.50 

3.91 

4.14 

Two problems arise with applying the paired t-test in 

this particular study. First, due to the small sample size, 

we cannot assume a normal distribution of data, while the 
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second problem is due to the type of data being analyzed. 

For ordinal scale data from an unknown population, a 

nonparametric test is better suited to analyze differences in 

central tendencies. The Wilcoxon rank-sum test computes the 

differences between responses given at the beginning of the 

course and those at the end of the course for each question 

by ranking all responses from both groups (pre- or post-

survey) in increasing order, retaining the group identity. 

The sums of ranks for both groups are then tallied. If 

change in responses is evident, we would expect the sum of 

ranks for the group of responses from the post-survey to be 

larger than that of the pre-survey responses for positively 

worded questions. The Wilcoxon test computes the probability 

that the difference in rank sums obtained occurred by chance. 

For even moderate sample sizes the Wilcoxon test is almost as 

powerful as its parametric equivalent, the t-test. Table 4.3 

lists the 16 questions showing significant change using the 

paired t-test with associated p-values from both the paired 

t-test and Wilcoxon test. 
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Table 4.3: P-Value Results From Paired T and Wilcoxon Tests 
No. 

14 

16 

18 

20 

24 

26 

28 

29 

30 

35 
37 

No. 

5 

12 

13 

15 

20 

Part II Questions 

In^ order for me to learn mathematics, 
using a computer is helpful: 
I am confident in using computers to 
do mathematics: 
Using computers helps me understand 
mathematics: 
Using computers helps me answer 
questions more quickly and accurately: 
I prefer to do my mathematics homework 
alone: 
I expect to use the material that I 
will learn in this course in my future 
career: 
Mathematics is a good field for 
creative people: 
Mathematics is useful in solving 
everyday problems: 
There is little place for originality 
in solving mathematics problems: 
I am confident in using technology: 
Developing good algebra skills is 
necessazry: 

Part III Questions 

In high school mathematics classes, 
calculators should be used as an 
instructional tool: 
In high school mathematics classes, 
computers should be used as a 
demonstration tool: 
In elementary school mathematics 
classes, calculators should be used as 
a learning tool: 
In middle school mathematics classes, 
calculators should be used as a 
learning tool: 
At present, I feel that I could use 
technology effectively in my future 
mathematics classroom: 

Paired 
T 

.0081 

.0002 

.0022 

.0189 

.0144 

.0278 

.0040 

.0278 

.0647 

.0929 

.0213 

Paired 
T 

.0674 

.0854 

.0449 

.0854 

.0476 

Wilcoxon 

.0344 

.0005 

.0086 

.0167 

.0951 

.1536 

.0581 

.0365 

.1192 

.2553 

.1816 

Wilcoxon 

.2559 

.2450 

.0896 

.1759 

.0718 

Results for the majority of these questions reflected a 

positive shift, i.e., higher values on the 1 to 5 ordinal 

scale, from the pre- to the post-survey; however, there were 
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some exceptions. Question #3 0 in Part II, There is little 

place for originality in solving mathematics problems, 

demonstrated a negative shift, but due to its wording, this 

can be interpreted as improvement in attitude. Lower 

responses to question #24, J prefer to do my mathematics 

homework alone, may reflect a positive influence from the 

cooperative learning environment of MATH 4371. Surprisingly, 

question #26, I expect to use the material that I will learn 

in this course in my future career showed a negative shift; 

however, this question had a high means on both the pre- and 

post-surveys. Question #37, Developing good algebra skills is 

necessary demonstrated a negative shift as well, evidence of 

the pre-service teachers' evolving appreciation for 

technology's capability performing basic computations. A 

table of pre- and post-survey question means, standard 

deviations and resulting shifts for all 48 questions analyzed 

appears in Appendix F. 

The Wilcoxon test, while more appropriate for this type 

of experiment and data, is also more conservative. Only 9 of 

the 48 questions indicated significant change at the alpha < 

.10 level. In general, smaller p-values for the Wilcoxon 

test occurred with smaller p-values from the paired t-test, 

and vice-versa, indicating agreement between the two test 

procedures. 
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4.1.2 Daily Observations 

Preconceived ideas and beliefs about how mathematics 

should be taught and learned, similar to those of the pre-

service teachers in studies previously discussed surfaced in 

this class. One of the most apparent in the initial 

observations of the participants in this study was the notion 

that a mathematics course should be predominantly lecture-

based. Hence, the pre-service teachers were somewhat 

uncomfortable with the guided-discovery/cooperative-learning 

format utilized in MATH 4371. 

Vague uncertainty was evident early in the daily 

observations -- many times students didn't seem to know where 

to begin or exactly what they should be doing. Furrowed 

brows, idle monitors, and hands raised in the air were common 

sights. Occasionally these feelings of uncertainty boiled 

over into more obvious, sometimes vocal, examples of 

frustration: 

• "I'll never finish. . .maybe by February." 

• "These parentheses are going to drive me 

bananas!" 

"None of these pictures [graphs] mean anything 

to me." 

"I'm so frustrated with these graphs!" 

• "I think I'm going to cry!" 
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Much of the frustration witnessed during daily 

observations fell into two categories: (1) frustration with 

technical workings of the computers or calculators, and (2) 

frustration with the guided discovery class format. The 

former reveals itself in syntax mistakes, which eventually 

worked themselves out through trial and error or some other 

method, but were nonetheless momentarily frustrating. The 

latter entails perceptions of the lack of clear-cut 

instructions or guidance given by the instructor, coupled 

with his "being spread too thin" at times to answer every 

question: 

"This is Greek -- if he (instructor) would only 

give more directions, then maybe I would 

understand." 

• To another student: "No, it's not hard if he 

will come and sit by you the whole time." 

• "I'm totally lost. I have no idea what to do." 

Moderate frustration due to syntax errors persisted 

throughout the class observations, although occasional 

outbursts of elation when computations and programs worked as 

intended became increasingly apparent. Shouts and whoops of 

joy and even squeals of delight, punctuated by the occasional 

high five became more common as the semester progressed. At 

times the students seemed almost manic, swinging from one 

emotional extreme to the other. 
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Frustration in adjusting to a non-lecture format 

noticeably lessened as the participants became increasingly 

comfortable with the class structure and problem-solving on 

their own. The cooperative learning atmosphere of MATH 4371 

contributed greatly to this adjustment. Although there were 

still many questions requiring the instructor's attention, 

the pre-service teachers gradually became more dependent on 

their partners, as well as themselves to discover answers. 

Numerous recorded observations describing groups' pair skills 

and instances of one partner "teaching" the other a concept 

support this: 

7-12-99: group l--uses time wisely and "teaching" each 

other. 

7-15-99: #6 is working well together--fairly equal skills 

and understanding. 

7-16-99: group 3--teaching each other the meaning of "yi" 

7-21-99: group 1 "taught" #6 how to multiply scalars and 

matrices. 

7-26-99: Entire class worked in their groups to correct 

midterm exam. Good discussion and comparison of 

answers between partners and other groups. 

7-28-99: group 2 was really working hard and well together 

and figured out a lot today! 

7-28-99: #7, #8, #11 working together due to 2 missing 

partners. 
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8-2-99: Much group effort today - everyone helping each 

other!! 

8-2-99: #10 and #3 helped fix part of a [LOGO] program 

for group 6, also #10 helped #3 locate syntax 

error. 

8-2-99: They (group 1) worked very well together to answer 

their questions themselves! 

8-3-99: #7 was "getting" the n-point star program w/o help! 

8-6-99: #5 helping #1 with trig needed to make crescent 

moon. 

Occasional "booby traps" built into the workbook 

lessons, such as illogical output, error messages or faulty 

code, frazzled students less as the semester progressed. 

This indicated an improvement in comfort levels due to the 

pre-service teachers being asked to reflect thoughtfully on 

what the technology was doing and offer possible explanations 

and/or solutions to correct problems. Refer to Appendix A for 

sample lessons. 

MATH 4371 is a capstone course in that it serves to 

reinforce mathematical concepts previously encountered in the 

pre-service teachers' studies. Although a separate study 

(Jumper, 2000) attempts to assess the impact of MATH 4371 on 

enhancing students' understanding of mathematical concepts, 

namely visualization of functions, certain observations are 

worth noting. Within our theoretical framework, we 

acknowledge that by making pre-service teachers familiar with 
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mathematics-specific technology and aware of its 

effectiveness, we can positively influence their attitudes 

toward incorporating these technologies into their future 

classrooms. 

For example, workbook exercises guided individuals to 

discover visually the connections between a function's graph, 

its derivative at a given point, and the equation of a 

tangent line. Initially, students did not remember that 

first derivatives could be used to find extrema of functions 

with the second derivative determining concavity. After 

recalling that integration represents area under a curve, the 

pre-service teachers appreciated visualizing how MAPLE 

approximated integrals using left and right box commands: 

"This left box stuff is cool. . .it sure would've come in 

handy when I took Calculus I. " Another workbook problem 

(refer to Appendix A) asked students to calculate the area 

bounded by the graph of f (x) = x^ on the interval [-2, 2] . 

MAPLE correctly evaluated this integral as zero. Several 

individuals not only realized regions above and below the x-

axis were canceling each other out, giving an incorrect 

representation of area, but eventually discovered how to 

correct the problem. Clearly, the ability to compare the 

graph of the function visually to the analytic value of the 

integral aided in making this connection. Additionally, 

students experienced some of the educational advantages of 
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using mathematics-specific technology firsthand, thereby 

gaining appreciation for its usage. 

The class seemed to breathe a collective sigh of relief 

as the curriculum progressed into learning LOGO. While many 

claimed to have liked the implicit graphing section and 

manipulating graphs with MAPLE, they were, "tired of all the 

analytical math stuff and ready to move on to something fun. " 

This statement spoke volumes about attitude, not only 

indicating a possible negative attitude toward learning 

analytical material, but validating Holt-Reynolds' (1992) 

conjecture that pre-service teachers view excitement or 

having fun as a key factor in learning. 

Although syntax errors and the accompanying frustration 

resurfaced, the pre-service teachers apparently enjoyed 

drawing with LOGO. Their final assignment was to design a 

program to create a schoolhouse picture. Whereas the 

original assignment included certain requirements such as 

stars, a crescent moon, and a picket fence, most groups 

embellished their sketches, adding such items as grass, 

flagpoles, swing sets, and even a school-bus! Several of the 

pre-service teachers envisioned incorporating LOGO into their 

future classrooms while others eventually downloaded the 

program to their home computers. 

4.1.3 Student Reflections and Essays 

Opportunities existed throughout the workbook asking the 

pre-service teachers to reflect on recently learned concepts 
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or perhaps express an opinion. An example of the latter type 

of question (Appendix A) is below: 

Many educators believe it is no longer necessary 

for students to master the basic arithmetic skills 

such as adding, subtracting, multiplying, and 

dividing fractions. What is your opinion and why? 

Students were unanimous in expressing the importance of 

learning and mastering basic arithmetic skills. Several 

mentioned the possibility of not always having technology 

available to produce answers: "There will be a time where 

they have to use their head -- when a calculator is 

unavailable." Others expressed that these skills are 

necessary in everyday life and if they are not taught, "then 

they [students] don't think for themselves." A few echoed 

one group's sentiment: "Skills should be mastered first 

manually to be able to understand what the calculator or 

computer is doing." 

Two groups hinted at the importance of understanding 

concepts, "Students should understand the concepts behind the 

arithmetic so they will be able to detect mistakes, both from 

the computer and themselves, " and "Using a calculator to get 

an answer doesn't say that the child understands it." 

However, most failed to make the distinction between 

acquiring "skills" and possessing "understanding" or 

"knowledge." Unfortunately, many apparently perceived the 

former as a necessary and logical precursor to the latter. 
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Earlier in the term, several individuals admitted to having 

heard or perhaps even recited the phrase, "Don't ask why — 

just invert and multiply." While arguably a skill, does 

successfully applying this technique imply understanding the 

concept? When pre-service teachers in McDiarmid's study were 

asked to explain in writing the meaning of -8 - (-2) , they 

all knew that subtracting a negative was the same as adding a 

positive, but could offer little else (McDiarmid, 1990) . 

Similar reflective questions were included to elicit the 

pre-service teachers' opinions on the necessity of acquiring 

skills to factor polynomials and simplify rational 

expressions in Algebra II as well as learning techniques of 

integration and differentiation in Calculus. While some 

educators believe these skills will eventually become 

obsolete -- like calculating square roots by hand, most of 

the future educators in this study were not among them. 

Again, many believed possessing these skills will enable them 

to "understand what the computer (or calculator) is doing" 

and "determine if the [computer's] output is logical or not." 

Vague reference was made to understanding concepts behind the 

skills: "We should know why we do operations, the computer 

only l̂ Jiows how to do an operation." 

In the case of Calculus techniques, most individuals 

agreed that these skills "are difficult and require practice" 

and that "the mere mechanics and number manipulation of 

integration can become quite tedious." Nevertheless, the 
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majority felt differentiation and integration should continue 

to be taught, although a few conceded "maybe not go so far in 

depth" and "if they have the technology to work with, then 

not stressed as much." A few groups aclcnowledged 

technology's impact: "They [students] would get much more 

experience and understanding by the computer images" and 

"calculators are certainly beneficial in such an endeavor." 

While technology apparently had some impact on these last 

opinions, one must question whether these individuals' 

repeated insistence on learning "basic skills" is motivated 

by personal history-based beliefs based on their unique 

sample of one (Holt-Reynolds, 1992). 

Upon completion of the required reading list for MATH 

4371 (Appendix B) , the pre-service teachers wrote an essay 

inspired by these readings. While they were not limited on 

which or how many articles to write about, several chose to 

address the impact of technology in the mathematics 

classroom. The majority of these essays reflected the 

authors' positive attitudes toward using technology. 

Selected excerpts are included here: 

• "I plan on maximizing the use of technology in my 

classroom. . .the evidence from the literature is too 

strong not to!" 

• "Now I see that calculators can be used as a 

demonstration technique, a learning tool, and can 

improve problem solving skills." 
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• "I myself believed in the pencil and paper technique; 

my views have definitely changed due to this 

class..." 

• "This (class) was my first clue that hands on 

experience with technology is a vital part of success 

in mathematics." 

Throughout the essays on this topic, the pre-service 

teachers remained consistent in expressing positive beliefs 

toward the use of technology in the mathematics classroom. 

4.1.4 Course Evaluations 

Twenty pre-service teachers returned course evaluations 

(Appendix G) distributed by the university mathematics 

department upon completion of MATH 4371. While the primary 

purpose of these evaluations is to critique the instructor's 

performance, question #20 reflects students' overall 

impressions of the course: 

The overall quality of instruction in this course 

is satisfactory. 

Responses to this question were scaled from 1, "strongly 

disagree" to 5, "strongly agree." The mean for question #20 

was 3.55 while the mean for the entire set of 20 questions 

was 3.80. Also included in the evaluation was a brief essay 

question: 

What suggestions do you have for improvement of the 

teaching of this course? 

Some sample responses are included below: 
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More class time structured toward giving 

instructions and direction to the class as a whole. 

Maybe a better explanation of LOGO. 

• Need more instruction on how to do things and less 

time on our own. 

• Have a textbook to look at information. 

• Did not like the way the class was structured. I 

prefer more lecture and explanation of assignments. 

Six of the 2 0 respondents had no comment on this 

particular question. Of the remaining 14, 2 thought there 

should be fewer assigned readings, 2 suggested group tests, 

and 2 suggested reviewing mathematics topics prior to 

beginning the worksheets. Three students specifically 

mentioned more time or explanation for LOGO. More 

instruction, direction, or explanations in general were 

suggested by another 8 of the 14 pre-service teachers. 

Combined with the 3 LOGO comments, 78.6% of the participants 

expressing an opinion felt the level of instruction was 

inadequate. 

Although daily observations seemed to indicate that the 

students' uncertainty due to the class format gradually 

lessened over the term, these comments appeared to indicate 

just the opposite scenario: individuals who remained 

uncomfortable with the non-traditional discovery approach and 

cooperative learning class format. 
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4.2 Results from the Focus Groups 

4.2.1 The Survey 

Due to such small sample sizes, it was not feasible to 

attempt a separate formal statistical analysis of the two 

focus groups in this study. However, some comparisons between 

these two groups to each other as well as the entire class 

are worth examining Averages were calculated for each 

pair's pre- and post-survey responses to the 16 questions 

showing change in section 4.1.1. Differences in the focus 

groups' means were compared to those of the entire group's 

responses. The results are in Table 4.4. 

Table 4.4: 
No. 

14 
16 
18 
20 
24 
26 
28 
29 
30 
35 
37 
5 
12 
13 
15 
20 

Comparison of Focus Group 
Focus Group #1 
(Traditional) 

Pre-
survey 

4 
2.5 
3 
3 
5 

4.5 
3.5 
3.5 
2.5 
4.5 
5 

4.5 
4 

2.5 
4 
4 

Post-
survey 

4 
4 
3 
4 

3.5 
4.5 
4.5 
4.5 
3.5 
4.5 
4.5 
4 
4 
4 
4 

4.5 

Mean 2-
Mean 1 

0 
1.5 
0 

1.0 
-1.5 
0 

1.0 
1.0 
1.0 
0 

-.5 
-.5 
0 

1.5 
0 
.5 

s to Entire Class 
Focus Group #2 

(Non-Traditional) 
Pre-

survey 
3 
3 

2.5 
4.5 
3 
4 

2.5 
3.5 
2.5 
3.5 
4 
4 

4.5 
3 
3 
4 

Post-
survey 
3.5 
3.5 
2.5 
4 

2.5 
3 

2.5 
4 
2 

3.5 
4 
4 

4.5 
3 
4 

3.5 

Mean 2-
Mean 1 

.5 

.5 
0 

-.5 
-.5 
-1.0 
0 
.5 
-.5 
0 
0 
0 
0 
0 

1.0 
-.5 

Entire 
class 
Differ 
ence 
.41 
.82 
.55 
.5 

-.36 
-.27 
.36 
.27 
-.32 
.14 
-.18 
.23 
.23 
.32 
.23 
.41 
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On these 16 questions, the two female traditional 

students in focus group 1, generally had higher responses, 

both on the pre- and post-surveys, than the non-traditional 

females in group 2. The positive and negative shifts for 

both groups' differences in means typically mirrored the 

entire classes' results. Upon completion of MATH 4371, pair 1 

was more confident using computers to do mathematics (#16), 

and felt they helped to answer questions more quickly and 

accurately (#20). However, their opinion that computers were 

necessary to learn or understand mathematics (#14, #18) 

remained constant. The traditional students, on the other 

hand, demonstrated a negative shift on question 20, 

indicating they felt computers were less likely to help 

answer questions quickly and accurately. 

Both groups agreed with the class as a whole, that doing 

mathematics homework alone was less preferred than before 

(#24), although group 1 showed a larger positive shift on 

this question. Focus group 1 was more inclined than group 2 

or the entire class to think that mathematics is a good field 

for creative people (#28), and useful for solving everyday 

problems (#29). The traditional pair indicated an unusual 

positive shift on question 30, There is little place for 

originality in solving mathematics problems, whereas group 

2's negative shift was comparable to that of the entire 

class. 
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Focus group 2, like the entire class, demonstrated lower 

responses on question 20, I expect to use the material that I 

will learn in this course in my future career. On this 

question, group 1 remained constant, although their mean 

response was already very positive at 4.5. The word 

"material" in this question might explain the negative shift. 

Were the pre-service teachers considering the mathematical 

topics reviewed, most of which were beyond the scope of what 

they would ultimately teach in middle school, or were they 

thinking about the technology introduced in the course? 

Neither focus group claimed they were more confident in using 

technology (#35) after completion of MATH 4371. The 

traditional pair of students, like the majority of class 

participants, left MATH 4371 feeling more capable of using 

technology effectively (#20), whereas the non-traditional 

pair, demonstrating a negative shift on this question, 

remained unconvinced. 

The remaining questions were similar between the two 

focus pairs as well as the entire class, with the exception 

of questions 13 and 15 from Part III. On question 13, In 

elementary school mathematics classes, calculators should be 

used as a learning tool, pair 1 showed a dramatic positive 

shift of 1.5 points, higher than the class average or pair 2, 

which remained constant. Student essays (see section 4.2.2) 

further substantiated this pair's opinion. The non-

traditional group, on the other hand, evidenced a similar 
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positive shift on question 15, In middle school mathematics 

classes, calculators should be used as a learning tool. 

4.2.2 Daily Observations and Essays 

Excerpts from the daily observations provided a glimpse 

of evolving attitudes and beliefs of the two focus pairs. 

Some notes from day 1: 

• Pair 1 (traditional students): good interest; work quickly 

and seem "computer literate"; moderate frustration; trouble 

using MAPLE to solve polynomials, try TI-85 instead; good 

pair skills - seem equally matched. 

3 Pair 2 (non-traditional students): good interest; rather 

subdued, moderate frustration; lots of trial and error 

going on; they don't understand how to answer question 

about why an odd number raised to an odd power is odd; 

good pair skills. 

Initially, both pairs of students experienced difficulty 

remembering past mathematical concepts, for example finding 

roots of a polynomial, using the binomial expansion, and 

determining asymptotes of a function. Combined with 

syntactical errors, the frustration level consistently ranged 

from moderate to high. Some typical comments were: 

• "I don't like this computer anymore."(Pair 1) 

• "I'm ready to quit and get out of my computer for 

the day." (Pair 2) 
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• 7-16-99: Commented how frustrated they are with 

"these graphs." (Pair 2) 

After three weeks, the traditional pair was "very 

comfortable and working quickly" as well as "ahead of rest of 

class," while the non-traditional pair's level of comfort in 

class was "getting better — they like the animated graphs 

and playing around with their appearance." Occasional 

comments like, "Calculus was a long time ago" (pair 1) or 

"I'm at the age where I still think I can break it [the 

computer] (pair 2) were noted. 

Although both pairs, like the entire class, anticipated 

beginning the LOGO geometry module, the excitement was short 

lived as frustration over syntax problems soon resurfaced. 

Both focus groups experienced considerable frustration, some 

due to learning new syntax, but much directed toward the 

instructor's perceived lack of availability to help everyone 

simultaneously. "He's not giving enough instructions to 

figure this out" (pair 2) was a sentiment echoed by most 

class participants. 

By the final week of class, however, both pairs seemed 

to enjoy completing their final LOGO assignment. The 

traditional group was "very comfortable and able to figure 

out most things by themselves" and "working in conjunction 

well--one experimenting on her computer and the other saving 

what works." The non-traditional group "have generally 
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enjoyed this assignment;" furthermore, one member planned to 

"download LOGO at home and maybe MAPLE at school." 

In their essays inspired by the reading list, the four 

focus group members included opinions regarding teaching with 

technology. Some excepts are included below. 

From focus group 1, first individual: 

• "I believe that a student should be in constant access 

to a calculator or computer, except for when the basic 

skills of adding, subtracting, and division are being 

taught." 

• "I agree that when students use the calculator it 

gives [them] a better attitude towards math." 

• "Technology can aid the students in a variety of ways 

but it will not teach them all the skills they need." 

From focus group 1, second individual: 

• "I always thought a student should not be allowed to 

use a calculator until higher levels of math and once 

the student understands the skills being taught. 

However, after reading the selections I realized the 

calculator can be used as a learning tool." 

From focus group 2, first individual: 

• "My first thought on this matter was that the use of 

technology was a liability to students and that they 

would never learn the basic math skills that are 

required." 
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• "When I first started reading these articles I had a 

very biased opinion on why technology should not 

always be used. I appreciate the opportunity to be 

enlightened about this subject area and the research 

that was done to change my mind." 

From focus group 2, second individual: 

• I believe technology is a positive and a helpful tool. 

Yes, students need to learn the basics without 

technology, but once they've learned it, the 

technology only enhances their learning. 

Examining these essays suggests that each of these 

individuals' opinions toward using mathematics-specific 

technology, in a combination with or as an enhancement to 

learning basic skills, is positive. Nonetheless, perhaps 

fearful of students' becoming over-dependent on technology, 

the pre-service teachers continued to stress the importance of 

emphasizing basic skill acquisition as well. 
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CHAPTER V 

CONCLUSIONS 

5.1 Conclusions 

From our pre- and post-survey results for the class as a 

whole, 16 of the 48 questions analyzed showed significant 

change using the paired t-test, while only 9 showed change 

using the Wilcoxon test at the alpha < .10 level of 

significance. We see improvement on Part II questions 

dealing with using computers to learn mathematics (#14), 

confidence in using computers to do mathematics (#16), using 

computers to understand mathematics (#18) and using computers 

to answer questions more quickly and accurately (#20). 

Participants seemed more willing after completion of MATH 

4371 to work with others to complete homework (#24) , a 

possible by-product of the cooperative learning atmosphere 

employed in the course. The pre-service teachers also gained 

a more positive view toward mathematics as a good field for 

creative people (#28), and the usefulness of mathematics to 

solve everyday problems (#29) . On the post-survey, more 

individuals disagreed with statement #3 0, "There is little 

place for originality in solving mathematics problems" 

although the Wilcoxon test failed to demonstrate a 

significant overall difference on this question. 

In fact, on 7 of the 16 questions the Wilcoxon test 

failed to corroborate the results of the initial paired t-
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test results. Although results to question #35 in Part II, 

J am confident in using technology showed promise with the 

paired t-test, it failed the Wilcoxon test for significance. 

One surprising response was that the pre-service teachers 

entered MATH 4371 with higher expectations of using the 

material in their future careers than upon completion of the 

curriculum (#26). The importance of developing good algebra 

skills (#37) appeared to diminish over the course, but this 

could signify an evolving positive attitude toward 

technology's usefulness in carrying out basic computations. 

However, both of these questions also failed to demonstrate a 

significant change by the Wilcoxon test. 

Only two questions in Part III of the survey showed 

significant improvement by both test standards. Question #13 

suggested the pre-service teachers' opinions toward 

introducing technology, namely calculators, as a learning 

tool at earlier stages in the educational process might be 

softening somewhat. Although similar questions dealing with 

introducing technology for various educational purposes and 

at differing grade levels failed to demonstrate statistically 

significant improvement, it should be noted that response 

means to these questions were already favorably high (see 

Appendix F). 

Question #20, At present, I feel that I could use 

technology effectively in my future mathematics classroom, 

showed significant improvement using both tests. This 
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particular question, more than any other on the survey, 

captured the essence of what MATH 4371 hoped to accomplish. 

For these 16 questions, pre-survey means for the 

traditional student focus group were generally higher and 

remained higher on the post-survey that those of either the 

non-traditional focus group or the entire class. Survey 

means for the two focus groups demonstrated similar positive 

or negative shifts, typically agreeing with those of the 

entire class, although those of focus group 1 tended to be 

more exaggerated. 

Although daily classroom observations of the pre-service 

teachers indicated increasing comfort with and gradual 

acceptance of the guided discovery class format, anonymous 

comments examined from the final class evaluations failed to 

confirm this conclusion. These participants, while certainly 

less frustrated than at the beginning of the course, 

apparently still perceived themselves as considerably 

frustrated upon its completion as well. 

Although not all the pre-service teachers' essays 

focused on mathematics specific technology's advantages in 

education, those that did expressed positive comments. 

However, the repeated emphasis on learning basic skills is 

consistent within our theoretical framework: Pre-service 

teachers tend to see learning mathematics as mostly 

memorization and practice and are fearful of technology's 

encroachment on the fundamentals. 
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5.2 Discussion of Results 

Based upon analysis of the pre- and post-surveys, the 

curriculum of MATH 4371 seemed to have its greatest impact on 

pre-service teachers' attitudes towards using computers to 

learn mathematics. While virtually all of these individuals 

possessed a basic working knowledge of hand-held calculators, 

for many, MATH 4371 heralded their introduction to 

mathematical computer programs such as MAPLE and LOGO- Daily 

observations revealed individuals who were impressed by 

MAPLE'S symbolic representation and graphing capabilities and 

enchanted by LOGO'S graphic interface and intuitive commands. 

Indeed, while learning new syntax and debugging code was 

frustrating at times, the pre-service teachers persisted, 

consulting partners or on-line help as needed. 

The non-traditional class format of MATH 4371 also 

forced the pre-service teachers to re-examine their beliefs 

on what constitutes a "good" environment for learning 

mathematics. Whereas daily observations and class evaluations 

indicated uneasiness with the guided discovery approach and 

its de-emphasis on traditional lecturing, the participants 

nevertheless benefited from the "hands-on" introduction to 

the technology, which is consistent with similar studies in 

the literature. In addition, as the pre-service teachers 

adjusted to the cooperative learning environment, their 

appreciation for working with partners grew, evidenced by 

daily observations as well as survey question #24. 
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Excerpts from student reflections revealed that the pre-

service teachers clung firmly to their pre-conceived beliefs 

regarding the importance of learning basic skills in 

arithmetic, algebra, and calculus. Student essays echoed 

similar sentiments. Consistent within our theoretical 

framework, the pre-service teachers believed possessing these 

skills conferred "understanding" and constituted "learning." 

Although admitting that this process could become quite 

tedious and require much practice, and even acknowledging 

technology's powerful assistance, the pre-service teachers 

nonetheless remained unwilling to yield on this potent 

conviction. 

Despite this resistance, the pre-service teachers 

broadened their knowledge of the advantages and effectiveness 

of using the mathematics-specific technology introduced in 

MATH 4371. Additionally, the participants became more 

confident in their abilities to use this technology and 

incorporate it into their future mathematics classrooms. Each 

of these factors, supported by daily observations and survey 

results, can effect positive attitudes toward technology. 

The two pairs of pre-service teachers selected as focus 

groups based upon their contrasting characteristics, modeled 

two typical categories of individuals seeking teacher 

certification. Survey results seemed to indicate that the 

curriculum of MATH 4371 had a more positive impact on the 

first, or "traditional student" focus group. These two women 
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worked quickly and confidently together throughout the 

course. Their prior exposure to technology in various forms, 

and certainly from a young age, appeared to instill in them a 

"can-do" attitude and eager willingness to learn. 

On the other hand, while survey results from the second, 

or "non-traditional" focus group also indicated improvement, 

not as many questions demonstrated positive shifts, nor were 

these shifts as dramatic as the other group's. Despite their 

lack of experience with technology in general, group 2 was 

diligent throughout the course, overcoming hurdles with 

persistence. This group appeared to leave MATH 4371 with a 

enhanced appreciation for this type of technology possibly 

due to their very lack of prior experience. 

Overall, I believe MATH 4371 had a positive impact on 

the entire group of pre-service teachers attitudes toward the 

use of technology in the mathematics classroom. Furthermore, 

both focus pairs demonstrated considerable improvement, 

although comparing the two and attempting to identify which 

focus group was influenced the "most" is not such an easy 

endeavor. It depends on how we, the researcher, choose to 

define "improvement." Shall we pick the leader at the finish 

line, or the runner who traveled the longer distance? 

5.3 Open Questions 

Several questions remain unaddressed in this study. For 

instance, what was the effect of using non-traditional 
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teaching styles, such as the hands-on laboratory setting, 

cooperative learning, guided discovery, and student 

reflection employed in this course? It remains to be seen 

whether or not merely introducing the technology in an 

alternative setting could produce positive changes in pre-

service teachers' attitudes, or whether this additional 

enhancement is needed to optimize the effect. 

Similarly, what portion of this perceived improvement in 

attitudes can be attributed exclusively to the exposure to 

the technology introduced in MATH 4371 and how much can be 

credited to the assigned reading list? Analysis of the 

student essays certainly offered glowing comments toward 

implementing technology into mathematics education. This 

raises yet another question, considering that these essays 

were for a grade. Although the students were encouraged to 

express their honest opinions, one has to question whether 

the essay content was colored by impressions or expectations 

from the instructor, or possibly other students. 

Another question arises about the intensity of summer 

course scheduling. This particular class met for one and a 

half hours every day for 5 weeks, whereas during a regular 

semester, MATH 4371 meets 2 days a week for 15 weeks. 

Information from previous instructors of MATH 4371 suggests 

that summer course scheduling has a greater impact on 

students' retention of new material by creating an atmosphere 

61 

;s^BSisiiamtm 



of total immersion. In an attempt to address this question, 

a similar study may be undertaken during Fall 2000. 

Also of interest is the possibility of conducting a 

longitudinal study of the long-term effects of MATH 4371 on 

practicing teacher's attitudes Do they retain positive 

attitudes and beliefs toward technology as they venture into 

their teaching careers? We received permission from the 

majority of the pre-service teachers in this study to follow 

them through the first several years of their teaching 

careers in an attempt to address this question. 
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APPENDIX A 

SAMPLE WORKBOOK EXERCISES 

FOR MATH 4371 
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Chaptar 1 
Elementary calculations 

Complete each of the following exercises using your brain & 
pencil (B&P), your TI-85 (SGC), and MAPLE (CAS). In each case 
record your answers in the appropriate column. 

B&P SGC MAPLE 
1. 2 + 6 

2. 2(6 + 5) 

3. (1+5)~2 +2 

4. (13 - 3)/7 

5. (8*2 - 3*3)(5 - 22)/(8 - 4*2) 

6. 271/101171 (! Stands for factorial and is in the TI-85 
CATALOG. You should place it into your custom catalog. This 
expression is the number of combinations of 27 objects choosing 
10 at a time. It is also called the binomial coefficient. Do you 
know why?) 

7. 100!/50!50! 

8. 27 nCr 10 (from TI-85 CATALOG) 

9. binomial(27,10); (from MAPLE) 

10. 100 nCr 50 

11. binomial(100,50); 

12. % +1/3 + 1/4 + 2/5 

13. (2/3)(6/7) 

14. (2/3)/(6/7) 
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15. (square root of 2)/3 (sqrt( ); from MAPLE) 

16. square root of (1/8) 

17. 5*(l/3) 

Exercise: Use the >Frac command from the TI-85 CATALOG to see if 
you can make all the TI-85 answers agree with the MAPLE answers. 
Use the command evalf from MAPLE to see if you can make all the 
MAPLE answers look like the TI-85 answers. Explain why you can 
not do this in those instances when it doesn't seem to work. 

Reflection: Look back over the above exercises. What are the main 
points that the author wants you to observe? 
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ADDENDUM FOR CHAPTER 1: COMPLICATED CALCULATIONS 

In each of the following exercises use paper and pencil to 
symbolically compute the required quantity. Then input the 
appropriate expression into the machine and press <ENTER> one 
time to calculate it. To calculate the next niimber simply edit 
the expression on the screen appropriately. (2nd ENTRY on the 
TI-85 will be handy here.) First put the symbolic result, then, 
as before, put the TI-85 answer on the left and the MAPLE answer 
on the right. 

Exercise, Use the quadratic formula to find the two roots of 
each of the following polynomials: 

i. 2x*2-5x-3. 

ii. 2x*2-l. 

iii. x*2+x+l. 

î ĵ ercise. Use the law of cosines to find the largest angle in 
each of the following triangles. (Recall the law if cosines is 
a*2=b*2+c*2-2bc cos A.) The inverse of the cosine function is 
cos*-l from the keyboard on the TI-85 and arccos in MAPLE. 

A = 

i. The sides are of lengths 8.20, 5.10, 4.10. 

ii. The sides are of lengths 9.6, 6.2, 4.3. 

iii. The sides are of lengths 19.4, 28.5, 33.6 
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Exercise. The monthly mortgage payments are given by the formula 
p = iA/(l-(l+i)*(-n)), 

where A is the amount borrowed, i is the interest per month 
(APR/12), and n is the total number of payment periods (12*number 
of years). What are the monthly payments if 100,000 is borrowed 
at 9% APR for each of the following time periods: 

i.30 years? 

ii.20 years? 

iii. 10 years? 

In each of the above cases what is the total amount, TA, paid 
back at the end of the loan period? 

TA = 

i. 

11. 

111. 

©Many educators believe it is no longer necessary for students to 
master the basic arithmetic skills such as adding, subtracting, 
multiplying, and dividing fractions. What is your opinion and 
why? 

69 

,..-. .^.,. i,^,rT.r...n-,^»,>,w—--|U|» 1 , 1 1 nil BTi,.;,,.rfH. ^ . . ' r ^ - ^ -



Chapter 4, Section III: Higher Degree Polynomials 

In each of the following first find the roots with the TI-85, then with MAPLE, and 
finally factor the polynomial using MAPLE. 

SGC CAS (Factored form) 

23. x^3-x^2-2x 

24. 6x̂ 3̂+1 lx'̂ 2+6x+l 

25. x^3+x^2+x+l 

26. x^4-I 

27. x'^4+r 

28. 3x^4+13x^3+7x'̂ 2-17x-6 
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29. 6x'̂ 5-5x'̂ 4+4x^3-4x'̂ 2-2x+l 

Exercise: We saw some quadratics and degree 4 polynomials which have only 
complex roots. Which numbers are they? 

Experiment to see if you can find a cubic (degree 3) polynomial with only complex 
roots. . 

What is the relation between fectoring a polynomial and finding its roots? 

Is there an analog to the quadratic formula for cubic polynomials? To answer this 
use MAPLE to solve for the zeros of 

ax'̂ 3+bx^2+cx. They are 

& 

Now ask MAPLE to find the zeros of the general cubic 
ax'̂ 3+bx^2+cx+d. :-) 

Why do you think students are never asked to memorize the general formula for 
finding the roots of a cubic polynomial? . 

Exercise: Complete the following set of MAPLE instructions. At each step explain 
just what it is you told MAPLE, or asked MAPLE to do. 

>p:=5*x^3-5*x+l; . 

>solve(%); 
(Continued next page.) 
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>r=%; 

>simplify(r[l]);simphfy(r[2]);simphfy(r[3]);_ 
>subs(x=r[l],p);subs(x=r[2],p);subs(x=r[3],p); 

>evalf(r[l]);evalf(r[2];evalf(r[3]); 

>fsolv(p); 

Compare the last two results with what you obtain firom the TI-85. 

Exercise: Use the MAPLE fsolve command on each of #s 6-14 and 23-29 above. 
Compare your answer with that you got firom the TI-85. What does the "f in fsolve 
refer to? . 

Find all the roots of each of the following polynomials: 
p[l]:=x'^2+x+l; 

p[2]:=x'^3+x'^2+l; 

p[3]:=xM+x'"3+x^2+x+l; 

p[3]:=x^4+x'̂ 3+x'̂ 2+x+2; 

Just for fim simplify (factor the numerator and denominator and cancel the common 
factors) the following rational expression: 

(2x^5+5x^4+6x^3+6x^2+4x+l)/(2x''5+9x^4+12x^3+12x''2+10x+3) 

Num factors are 

Den factors are 

Simplified expression is 

Now try the MAPLE command simplify(our original rational);. What did you 
observe? 
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Look at the factors of Nimi and Den and see if you can guess what you will get fi"om 
the MAPLE commands gcd(NumJDen); and lcm(NumJDen);. What did you get? 
factor(gcd(num,den));= 

factor(lcm(num,den));= 
(gcd and 1cm in MAPLE work on more general things than just integers. The 
commands igcd and ilcm are reserved just for integer calculations and sometimes 
work faster than the gcd and 1cm commands.) 

Finally try the following MAPLE operations: 

expand((x+y)'̂ 3);=_ 

expand((n+l)^4);=_ 

Where have you seen these before?. 

Reflection: Some people think the skill to factor polynomials and simplify rational 
expressions (A.K.A. Algebra H) is becoming unnecessary because of CAS's like 
MAPLE. What is your opinion and why? 
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Chapter 6: Rectangles to Approximate Area 

The point of this section is to see how to use rectangles to approximate the area of regions with 
curved edges. The MAPLE command for computing the actual (net) area between the graph off 
and the x-axes from x=a to x=b is int(f, z=a..b);. This command followed by evalf[%); would 
give a floating point approximation to the area. MAPLE has a package for exhibiting how we can 
use rectan^es to approximate this area. It is invoked via the command with(student); 

Define the fimction f to be 16 - x^l and print out the graph of f from x= -6 to x= 6. What is the 
actual area from x= -4 to J ^ 4, between the graph of f and the x-axes? 

Try the MAPLE command iniddlebox(f,x«-4..4,4); 
Attach a printout and use it to estimate the area using the rectangles drawn. 

Try the MAPLE command Ieftbox(f,x«-4..4,4); 
Attach a printout and use it to estimate the area using the rectangles drawn. 

On the printout of the graph of f draw what you would expect to get using the ̂ 'L\PL£ command 
rightbox(f,x=-4..4,4); Were you right? What do you think will happen if you use the 
command leftbox(f,x=-4..4,8); ? Attach a printout and use it to 
estimate the actual area. Which approximation is closer to the actual area, the one 
using leftbox(f,x=-4..4,4); or leftbox(f,x=-4..4,8); ? 
Now fill in the blanks indicating the results of each of the following command sequences: 

middIesum(f,x=-4..4,4); evalf(%); 

leftsum(f,x=-4..4,4); evalf(%); 

leftsum(f,x=-4..4,8); evalf(%); 

Finally attach a printout of the result of the command middlebox(f,x=-4..4,200); 

What are the results of the following command sequence: 

middlesum(f,x=-4..4,200); 

evalf(%); 

How does this compare to the actual value of the area? 

74 



Chapter 6: Derivatives and Graphs 

While the TI-85 can't do symbolic calculations it's GRAPH package does have some 
very nice features for demonstrating some calculiis principles. With the TI-85 graph 
y=x^2-x in the ZSTD. Now zoom in three times on the origin. The graph looks Iflce 
a straight fine. What do we call this hne in calculus? 

What is it's slope?. 

Now go back to the ZSTD picture and zoom in once. Choose MATH fi-om the bar 
menu and then choose TANLN form the new bar menu. What do you think tanln 
stands for? 

You should see the graph with the cursor positioned at the center of the screen (the 
origin in this case). Notice the left and ri^t arrow keys allow you to move along 
the graph. With the cursor at the origin press ENTER. What happened? 

What is the number displayed in the lower left comer of the screen?. 

Press EXIT to return to the bar menu, choose TANLN again, move the cursor to 
some other point and draw the tangent line at that point. Do this a few more times 
on this and other graphs. What graph phenomena correspond to horizontal tangent 
lines? 

Recall the "point slope" equation of a line is 
y-yl=m(x-xl) 

where (xl,yl) is a point on the hne and m is the slope of the hne. 

Also recall that the derivative of a fimction y at x=xl is the slope of the tangent line 
to the graph of y at the point (xl,y(xl)). 

Find the equation of the line tangent to the graph of the fimction y=x'̂ 2-x at the point 
withx=l 
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Use MAPLE to plot the graph of y=x^2-x and its tangent line at (1,0) on the same 
axes. Attach the MAPLE printout. 

On the TI-85 graph the two fimctions y(x)=K^2-x and nDer(y(x),x) on the same 
axes. 

With MAPLE graph y(x)=x'̂ 2-x and dif^x),x) on the same axes. Attach the 
MAPLE printout. Look at these graphs and answer the following questions. 

What is the relation between the graph of y(x) and where the derivative of y equals 
0? 

What is the relation between the sign of the derivative of y and the graph of y(x)? 

Both MAPLE and the TI-85 can do definite integration (i.e. compute the net area 
between the graph of the fimction and the x-axis). Here is an example of how you 
do it on the TI-85. 

Sketch the graph of y=x'̂ 2. Choose MATH from the bar menu then choose f(x) 
from the GRAPH-MATH bar menu. To integrate x'̂ 2 from x=0 to x=2 move along 
graph until the x coordinate is 0 then press ENTER, now move cursor until x 
coordinate is 2 and press ENTER. The TI-85 wiU calculate the integral and display 
the result in the lower left comer. The result is . Recall what this number 
represents with respect to the graph of x'̂ 2. 

The MAPLE command for doing the same thing is int(x'^2,x=0..2); Try it, did you 
get the same answer? Of course you should be able to do this one by hand, 
how? În each of the following first do the 
calculation by hand, then vwth the TI-85 succeeded by >Frac, and finally with 
MAPLE. 
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Use MAPLE to plot the graph of y=x'̂ 2-x and its tangent line at (1,0) on the same 
axes. Attach the MAPLE printout. 

On die TI-85 graph the two fimctions y(x)=x'̂ 2-x and nDer(y(x),x) on the same 
axes. 

With MAPLE graph y(x)=x'^2-x and dif9[y(x),x) on the same axes. Attach the 
MAPLE printout. Look at these graphs and answer the following questions. 

What is the relation between the graph of y(x) and where the derivative of y equals 
0? 

What is the relation between the sign of the derivative of y and the graph of y(x)? 

Both MAPLE and the TI-85 can do definite integration (i.e. compute the net area 
between the graph of the fimction and the x-axis). Here is an example of how you 
do it on the TI-85. 

Sketch the graph of y=x'̂ 2. Choose MATH from the bar menu then choose f(x) 
from the GRAPH-MATH bar menu. To integrate x'̂ 2 from x=0 to x=2 move along 
graph until the x coordinate is 0 then press ENTER, now move cursor until x 
coordinate is 2 and press ENTER. The TI-85 will calculate the integral and display 
the result in the lower left comer. The result is . Recall what this number 
represents with respect to the graph ofx^^l. 

The MAPLE command for doing the same thing is int(x'^2,x=0..2); Try it, did you 
get the same answer? Of course you should be able to do this one by hand, 
how? În each of the following first do the 
calculation by hand, then with the TI-85 succeeded by >Frac, and finally with 
MAPLE. 
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(by hand) (TI-*5) (after >Frac) (MAPLE) 

int(x^2,x=-2..2); 

int(x^3,x=0..2); 

int(x^3,x=-2..2); 

int(exp(x^2),x=0..1); 

evalf(%); 

Exercise: With MAPLE define 
p:=(l/sqrt(2Pi))exp((-x^2)/2); 

If you have had statistics you mi^t recognize this as the standard normal 
distribution fimction, or probabiUty density fimction. The area of any portion of the 
of the region under its graph represents a percentage of the total population. Graph 
it from x=-10 to x=10 witii both the TI-85 and with MAPLE. Attach a printout of 
the graph. It should be the standard bell shaped curve. (Recall the MAPLE 
command plot(p,x=-10..10);) 

Use both the TI-85 and MAPLE to integrate p firom -1 to 1. The ZDECM window 
on the TI-85 will let you set these integration hmits exactly. Do you remember why?. 
_ To make the MAPLE result agree with the TI-85 result you will have to use the 
evalf command. What is the result? This area from -1 to 1 represents 
the percentage of the total noraial population between -1 and 1. This is the 
percentage of the total population within one standard deviation of the mean. With 
MAPLE compute the integral from -infinity to infinity. Is the result what you 
expected? Finally execute Int(p,x=-infinity..infinity); to get a good picture of the 
iQtegral notation. 
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Exercise: You know that calculus instractors are all the time going on about hmits, 
continuity, and differentiabihty. Use the TI-85 and MAPLE to sketch the graphs 
and analyze the behavior of the following fimctions in the vicinity of x=0 (Be sure 
your TI-85 is in radian mode. This may also be a good place to use the ZFIT zoom 
option.): 
y=l/x'^2 

y=sin(l/x) 

y=xsin(l/x) 

y=x^2sin(l/x) 

y=sin(x)/x 

MAPLE can easily compute hmits, the calling sequence is lim(f(x),x=a), where f(x) 
is the fimction and a is the value of x at which the limit is to be taken. Compute the 
following limits: 

1. Iimit(sin(x)/x,x=0); 
2. hmit(sin(l/x),x=0): 
3. hmit(x*sin(l/x),x=0)L 
4. Umit(l/x^2,x=0); 

Compare these limits with the above graphs. Do the answers concur with graphical 
view near 0? 
Next replace lim with Lim in each of the above. What do you observe?. 

Experiment with different graphs to see what is the most interesting one you can 
come up with. Then attach a printout of it. (Be sure to write the fimction on the 
printout.) 
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Another important concept from Calculus is that of sequences and series (infinite 
sums). You probably know that the geometric series converges and the harmonic 
series diverges. Let's check this out with MAPLE. Compute the following 
summations: 

1. sum(l/i,i=1..10)-, 

2.sum(l/i,i=l ..n); 

Look at the answer in #2 and decide what you think will happen as n gets bigger 
and bigger. 

3. sum(l/i,i=l..infinity); 

4. sum((>/2)^,i=0..10); 

5. sum((>/2) ,̂i=0..n); 

Look at #5 and decide what you think will happen as n bets bigger and bigger. 

6. sum((y2) ,̂i=0..infinity)L 

In each of these what happens when you replace sum with Sum?. 

@Some educators think it is no longer necessary to stress techniques of integration 
and differentiation in Calculus classes. What is your opinion? 
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READING LIST WITH CHECK LIST FOR 
MATH 4371 

The following is a list of the required and recommended readings for 
MATH 4371, spring of 1996. Please record the time and date you read 
the given selection in the space provided. Also record your impressions 
and conclusions pretaining to the given selection in the space provided 
under the listing. Items marked by # are on reserve in the library. 

#1. PROFESSIONAL STANDARDS FOR TEACHING MATHEMATICS, 
NCTM, 1991, pp 1-62 required. / / . 
pp 71-115 recommended. Notes: 

#2. CURRICULUM & EVALUATION STANDARDS FOR SCHOOL 
MATHEMATICS, NCTM, 1989, pp 1-12 required. / / 
pp 15-116 recommended. Notes: 

#3. "In the Beginning: Mathematical Preparation for Elementary School 
Teachers" by G.S. Young, COMAP. 

/ / • Notes: 
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#4. A CALL FOR CHANGE, MAA NOTES, 1991. Leitziel. editor.. 
/ / . Notes: 

#5. "On the Mathematical Preparation of Elementary School Teachers," 
Conference at University of Chicago, 1992, 17 pages required. l_ 
I . Notes: 

6. "Effects of Hand-Held Calculators in Precollege Mathematics 
Education," by Hembree/Dessart, Journal for Research in Mathematics 
Education, 17, (1986): 83-99. / / . Notes: 

7. "Research on Graphing Calculators," by P.H. Dunham & T.P. Dick, 
MATHEMATICS TEACHER, 87, no 6 (1994), 440-445. / / 
Notes: 

8. "Are Calculators a Crutch?" by Z. Usiskin, Mathematics Teacher 
71 (May 1978):412-413. / / . Notes: 
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9. "Super Calculators: Implications for Calculus Curriculum, Instruction, 
and Assessment," by T. Dick, Calculators in Mathematics 
Educatlon,^992 Yearbook of the National Council of Teachers of 
Mathematics, edited by J.T.Fey, 1992, 145-157. / / Notes: 

10. "Teaching with Graphing Technology: A Survey of Research on 
Graphing Technology," by P.H. Dunham, Proceedings of the Fourth 
International Conference on Technology in Collegiate Mathematics, 
edited by L, Lum, Addison-Wesley, 1992, 89-101. / / . Notes: 

11. "Research on Calculators in Mathematics Education," by 
Hembree/Dessart, Calculators in Mathematics Education,A992 
Yearbook of the National Council of Teachers of Mathematics, edited 
by J.T.Fey, 1992, 22-31. / / . Notes: 

12. "Does Using Calculators Work? The Jury is Almost In," by P. 
Dunham, UME Trends, 5 (May 1993): 8-9. / / , Notes: 
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13. The following 3 articles are all to be found in PROCEEDINGS OF 
THE FIFTH ANNUAL INTERNATIONAL CONFERENCE ON 
TECHNOLOGY IN COLLEGIATE MATHEMATICS, ed Lewis Lum, 
Addision-Wesley Publishing, 1992. 

a. "Alternative Forms of Assessment," by L.Boyd and S. Ross, 152-155. 
/ / Notes: 

b. "Evaluation and Categorization of Educational Software for Classroom 
and Resource Center," by W. Mackey. 582-584. / / Notes: 

c. "Computers and Calculators in Mathematics Education: Current 
Teachers' Perspectives," by L. Meyer, 679-682. / / Notes: 

14. The following 8 articles are all in CALCULATORS IN 
MATHEMATICS EDUCATION, 1992 YEARBOOK OF NCTM, NCTM 
1992. 

a. "The Potential for Calculators to Transform Elementary School 
Mathematics," by G.Wheatley & R. Shumway. paces 1-8. / / 
Notes: 

b. "Calculators in the Middle Grades: Access to Rich Mathematics," by 
N.Branca, B. Breedlove, & B.King, pages 9-13. / / Notes: 
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c. "The Graphing Calculator: A Tool for Change," by G. Burrill. pages 14-
22. / / Notes: 

d. "CAN: Calculator Use in the Primary Grades in England and Wales," 
by H. Shuard. pages 33-45. / / Notes: 

e. "A Constructivist Approach to Developing Early Calculating Abilities," by 
I. Sugarman. pages 46-55. / / Notes: 

f. "Decimals and Calculators Make Sense!" by D. Huinker. pages 56-64. 
/ / Notes: 

g. "Concept Development and Problem Solving Using Graphing 
Calculators in the Middle School," by C. Vonder Embse. pages 65-78.. 
/ / Notes: 

h. "Calculators in the UCSMP Curriculum for Grades 7 and 8," by D. 
Hirschhom & S. Senk. pages 79-90. / / Notes: 
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15. "A Comparative Technology Course for the Prospective Elementary 
School Teacher," Electronic Proceedings of the Eighth Annual 
International Conference on Technology in Collegiate l\/Jathematics, 
Editors: Przemyslaw Bogacki, Earl D. Fife, and Larry Husch, 
[http://archives.math.utk.edu:80/ICTCM/EP-8.html]. 

/ / Notes: 

16. "The Nine Hour Mathematics Sequence for the General Pre-service 
Elementary Teacher at Texas Tech University," with J. Dalton Tarwater, to 
appear in PRIMUS. (20 page manuscript on reserve) / / 
Notes: 

17. "Technology in the Mathematics Preparation of Pre-Service K-12 
Teachers at Texas Tech University," with Lawrence Schovanec, to appear 
in Proceedings of the Ninth Annual international Conference on 
Technology in Collegiate Mathematics. (5 page manuscript on reserve) 
/ / Notes: 
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18. Learner-Centered Schools for Texas: a Vision of Texas 
Educators, Texas Education Agency, Austin Texas, 1995. l_ 
Notes: 

19. Pursuing Excellence (Initial findings from the Third International 
Mathematics and Science Study, TIMSS), U.S. Department of Education, 
Washington DC, 1996. (Required portions: "Key points" section of all 
chapters, all of Chapter 3, all of Chapter 4, and the Conclusions.) /_ 
I Notes: 
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Survey B 

Student Survey 

The mathematics department is conducting a study of your Math 4371 course. Your assistance with this 
project is invaluable; you are being asked to complete a survey now and another one at the end of the 
course. Please take a few minutes to complete the following survey. Thank you again for your 
cooperation. 

..Vl-.^'U'Lt^Ll^'jaU'feW«!^W'JIIUWyM.»»^MU|tl..lU'JUlll.'-J.'.!JJ»UIJJ TTiSrZi^TirrTr 

Parti: 
Please provide the following information: 

1. Please indicate the year of your birth: 

2. Gender: 

Female 

Male 

3. Please indicate your ethnicity: 

Hispanic or Latino/a 

Non-Hispanic or Latino/a 

4. Please indicate your race: 

American Indian or Alaska Native 

Asian 

Black or African American 

Native Hawaiian or Other Pacific Islander 

White 

Other 

Page 
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Part II Survey B 

5. Please indicate whether you intend to teach at the K-12 level in your future career? 

Yes 

No 

Maybe 

6. Please indicate how many full years of mathematics you took during grades 9-12: 

1 year 

2 years 

3 years 

4 years 

7. How many hours per week do you anticipate you will be working in a job during this 
semester? 

0 -10 hours 

11 - 20 hours 

21 - 30 hours 

31-39 hours 

Full-time (40 or more) 

8. Do you have a parent or close relative who is or has been a teacher? 
Yes 
No 

9. Write a short paragraph about what motivated you to seek a more specialized credential in 
mathematics? 
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Survey B 

Part II: 
This part of the survey asks a variety of questions about what you have done in previous mathematics 
courses, and your opinions about mathematics in general. 

Please circle your responses to the following: 

1. Before enrolling in this course, I used a computer algebra system: 

Never Almost Never Occasionally Frequently Almost Always 

2. Before enrolling in this course, I used a geometry program: 

Never Almost Never Occasionally Frequently Almost Always 

3. In the mathematics classes I took in elementary schooL I used a calculator: 

Never Almost Never Occasionally Frequently Almost Always 

4. In the mathematics classes I took in elementary school. I used a computer'. 

Never Almost Never Occasionally Frequently Almost Always 

5. In the mathematics classes I took in middle school̂  I used a calculator: 

Never Almost Never Occasionally Frequently Almost Always 

6. In the mathematics classes I took in middle school. I used a computer: 

Never Almost Never Occasionally Frequently Almost Always 

7. In the mathematics classes I took in the first two years of high school. I used a calculator to 
perform routine calculations: 

Never Almost Never Occasionally Frequently Almost Always 

8. In the mathematics classes I took in the first two years of high school. I used a computer-. 

Never Almost Never Occasionally Frequently Almost Always 

9. In the mathematics classes I took in the last two years of high school, I used a calculator to 
perform routine calculations (e.g., +, -, *, /, sin, log, exp, etc.): 

Never Almost Never Occasionally Frequently Almost Always 

10. In the mathematics classes I took in the last two years of high school, I used a computer. 

Never Almost Never Occasionally Frequently Almost Always 

11. In the mathematics classes I took in the last two years of high school, I used a graphing 
calculator to graph functions: 

Never Almost Never Occasionally Frequently Almost Always 
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Pan II Survey B 

12. In the mathematics classes I took in the last two years of high school, I used a computer to 
graph functions: 

Never Ahnost Never Occasionally Frequently Ahnost Always 

13. In order for me to learn mathematics, using a calculator is helpful: 

Strongly disagree Disagree Neutral Agree 

14. In order for me to learn mathematics, using a computer is helpful: 

Agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly disagree Disagree Neutral 

15.1 am confident in using calculators to do mathematics: 

Strongly disagree Disagree Neutral Agree 

16.1 am confident in using computers to do mathematics: 

Strongly disagree Disagree Neutral Agree 

17. Using calculators helps me understand mathematics: 

Strongly disagree Disagree Neutral Agree 

18. Using computers helps me understand mathematics: 

Strongly disagree Disagree Neutral Agree 

19. Using calculators helps me answer questions more quickly and accurately. 

Strongly disagree Disagree Neutral Agree Strongly agree 

20. Using computers helps me answer questions more quickly and accurately. 

Strongly disagree Disagree Neutral Agree Strongly agree 

21. In order for me to learn mathematics, working with a partner is helpful: 

Strongly disagree Disagree Neutral Agree 

22. In order for me to learn mathematics, lectures are helpful: 

Strongly disagree Disagree Neutral Agree 

23. In order for me to learn mathematics, the textbook is helpful: 

Strongly disagree Disagree Neutral Agree 

24.1 prefer to do my mathematics homework alone. 

Never Almost Never Occasionally Frequently 

25.1 study for the majority of my math tests with other students. 

Never Almost Never Occasionally Frequently 

Strongly agree 

Strongly agree 

Strongly agree 

Almost Always 

Almost Always 
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Partll Surveys 

26.1 expect to use the material that I will learn in this course in my future career. 

Strongly disagree Disagree Neutral 

27. Learning mathematics involves mostly memorizing. 

Strongly disagree Disagree Neutral 

28. Mathematics is a good field for creative people. 

Strongly disagree Disagree Neutral 

29. Mathematics is useful in solving everyday problems. 

Strongly disagree Disagree Neutral 

30. There is little place for originality in solving mathematics problems. 

Strongly disagree Disagree Neutral 

31. Estimating is an important mathematics skill. 

Strongly disagree Disagree Neutral 

32. There are many difTerent ways to solve most mathematics problems. 

Strongly disagree Disagree Neutral 

33. New discoveries in mathematics are constantly being made. 

Strongly disagree Disagree Neutral 

34. Calculators are good tools to use on mathematics exams. 

Strongly disagree Disagree Neutral 

35.1 am confident in using technology. 

Strongly disagree Disagree Neutral 

36. Learning to add, subtract, multiply and divide fractions without the use of technology is 
necessary. 

Agree 

Agree 

Agree 

Agree 

sblems. 
Agree 

Agree 

oblems. 

Agree 

Agree 

Agree 

Agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Agree Strongly agree Strongly disagree Disagree Neutral 

37. Developing good algebra skills is necessary. 

Strongly disagree Disagree Neutral Agree Strongly agree 

38. Competence in manipulating algebraic expressions without the use of technology is necessary. 

Strongly disagree Disagree Neutral Agree Strongly agree 

39. Learning the quadratic formula is necessary. 

Strongly disagree Disagree Neutral Agree Strongly agree 
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Survey B 

Part in. 
This part of the siuvey asks a variety of questions about your opinions and beliefs about the use of 
technology in mathematics instruction. 

Please circle your responses to the following: 

1. In elementary school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

2. In elementary school mathematics classes, computers should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

3. In middle school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

4. In middle school mathematics classes, computers should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

5. In high school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

6. In high school mathematics classes, computers should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

7. In elementary school mathematics classes, calculators should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

8. In elementary school mathematics classes, computers should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

9. In middle school mathematics classes, calculators should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

10. In middle school mathematics classes, computers should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

11. In high school mathematics classes, calculators should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 
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Part III Survey B 

12. In high school mathematics classes, computers should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

13. In elementary school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Ahnost Always 

14. In elementary school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

15. In middle school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

16. In middle school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

17. In high school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

18. In high school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

19. Calculators are good tools to use on mathematics exams. 

Strongly disagree Disagree Neutral Agree Strongly agree 

20. At present, I feel could use technology effectively in my future mathematics classroom. 

Strongly disagree Disagree Neutral Agree Strongly agree 

21. The primary use of a calculator is for finding numerical answers to mathematics problems. 

Strongly disagree Disagree Neutral Agree Strongly agree 

Stop—Please return this survey. Thank you again for your participation in this 
project! 
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POST-SURVEY 
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Survey E 

Student Survey 

As you already know, the mathematics department is conducting a study of your Math 4371 course. 
Your assistance with this project is invaluable. Please take a few minutes to complete the following 
survey. Thank you again for your cooperation. 

' -. " L. -x •'-K. 1. . ^lJ wjw^t-kJiawj ^.-,..u•J>^Ji'J.ll»4Ul^JU^Wj^pJ^J|||Jli^|^J^ul^lJ•a•luJltflUl'J•^ A f 

Parti: 
Please provide the following Information: 

1. Please mdicate whether you intend to teach at the K-12 level in your future career? 

Yes 

No 

Maybe 

2. How many hours per week did you work in a job during this semester? 

0-10 hours 

11 - 20 hours 

21 - 30 hours 

31-39 hours 

Full-time (40 or more) 

3. Write a short paragraph about what motivates you to seek a more specialized credential in 
mathematics? 
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Part U Survey E 

4. What are your feelings about using technology in mathematics instruction? Has your opinion 
changed as a result of your experiences in Math 4371? If so, how has it changed and why? 
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Sun'cy E 

Part II: 
This part of the survey asks a variety of questions about what you have done in previous mathematics 
courses, and your opinions about mathematics in general. 

Please circle your responses to the following: 

1. Before enrolling in this course, I used a computer algebra system: 

Never Almost Never Occasionally Frequently Almost Always 

2. Before enrolling in this course, I used a geometry 

Never Almost Never Occasionally Frequently Almost Always 

3. In the mathematics classes I took in elementary school. I used a calculator: 

Never Almost Never Occasionally Frequently Almost Always 

4. In the mathematics classes I took in elementary school. I used a computer: 

Never Almost Never Occasionally Frequently Almost Always 

5. In the mathematics classes I took in middle school̂  I used a calculator: 

Never Ahnost Never Occasionally Frequently Almost Always 

6. In the mathematics classes I took in middle school. I used a computer: 

Never Almost Never Occasionally Frequently Almost Always 

7. In the mathematics classes I took in the first two years of high school. I used a calculator to 
perform routine calculations: 

Never Ahnost Never Occasionally Frequently Almost Always 

8. In the mathematics classes I took in the first two years of high school̂  I used a computer: 

Never Almost Never Occasionally Frequently Almost Always 

9. In the mathematics classes I took in the last two years of high school, I used a calculator to 
perform routine calculations (e.g., +, -, *, /, sin, log, exp, etc.): 

Never Almost Never Occasionally Frequently Almost Always 

10. In the mathematics classes I took in the last two years of high school, I used a computer: 

Never Ahnost Never Occasionally Frequently Almost Always 

11. In the mathematics classes I took in the last two years of high school, I used a graphing 
calculator to graph functions: 

Never Almost Never Occasionally Frequently Almost Always 
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Part II Survey E 

12. In the mathematics classes I took in the last two years of high school, I used a computer to 
graph functions: 

Never Almost Never Occasionally Frequently 

13. In order for me to learn mathematics, using a calculator is helpful: 

Strongly disagree Disagree Neutral Agree 

14. In order for me to learn mathematics, using a computer is helpful: 

Agree 

Almost Always 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly disagree Disagree Neutral 

15.1 am confident in using calculators to do mathematics: 

Strongly disagree Disagree Neutral Agree 

16.1 am confident in using computers to do mathematics: 

Strongly disagree Disagree Neutral Agree 

17. Using calculators helps me understand mathematics: 

Strongly disagree Disagree Neutral Agree 

18. Using computers helps me understand mathematics: 

Strongly disagree Disagree Neutral Agree 

19. Using calculators helps me answer questions more quickly and accurately. 

Strongly disagree Disagree Neutral Agree Strongly agree 

20. Using computers helps me answer questions more quickly and accurately. 

Strongly disagree Disagree Neutral Agree Strongly agree 

21. In order for me to learn mathematics, working with a partner is helpful: 

Strongly disagree Disagree Neutral Agree 

22. In order for me to learn mathematics, lectures are helpful: 

Strongly disagree Disagree Neutral Agree 

23. In order for me to learn mathematics, the textbook is helpful: 

Strongly disagree Disagree Neutral Agree 

24.1 prefer to do my mathematics homework alone. 

Never Almost Never Occasionally Frequently 

25.1 study for the majority of my math tests with other students. 

Never Ahnost Never Occasionally Frequently 

Strongly agree 

Strongly agree 

Strongly agree 

Almost Always 

Almost Always 
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Partll Survey E 

26.1 expect to use the material that I will learn in this course in my future career. 

Strongly disagree Disagree Neutral 

27. Learning mathematics involves mostly memorizing. 

Strongly disagree Disagree Neutral 

28. Mathematics is a good field for creative people. 

Strongly disagree Disagree Neutral 

29. Mathematics is useful in solving everyday problems. 

Strongly disagree Disagree Neutral 

30. There is little place for originality in solving mathematics problems. 

Strongly disagree Disagree Neutral 

31. Estimating is an important mathematics skill. 

Strongly disagree Disagree Neutral 

32. There are many different ways to solve most mathematics problems. 

Strongly disagree Disagree Neutral 

33. New discoveries in mathematics are constantly being made. 

Strongly disagree Disagree Neutral 

34. Calculators are good tools to use on mathematics exams. 

Strongly disagree Disagree Neutral 

35.1 am confident in using technology. 

Strongly disagree Disagree Neutral 

36. Learning to add, subtract, multiply and divide fractions without the use of technology is 
necessary. 

Agree 

Agree 

Agree 

Agree 

ablems. 

Agree 

Agree 

oblems. 

Agree 

Agree 

Agree 

Agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Strongly agree 

Agree Strongly agree Strongly disagree Disagree Neutral 

37. Developing good algebra skills is necessary. 

Strongly disagree Disagree Neutral Agree Strongly agree 

38. Competence in manipulating algebraic expressions without the use of technology is necessar>'. 

Strongly disagree Disagree Neutral Agree Strongly agree 

39. Learning the quadratic formula is necessary. 

Strongly disagree Disagree NeuUal Agree Strongly agree 
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Survey t 

Part ni. 
This part of the survey asks a variety of questions about your opinions and beliefs about the use of 
technology in mathematics instmction. 

Please circle your responses to the following: 

1. In elementary school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

2. In elementary school mathematics classes, computers should be used as an instmction al tool: 

Never Almost Never Occasionally Frequently Almost Always 

3. In middle school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

4. In middle school mathematics classes, computers should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

5. In high school mathematics classes, calculators should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

6. In high school mathematics classes, computers should be used as an instructional tool: 

Never Almost Never Occasionally Frequently Almost Always 

7. In elementary school mathematics classes, calculators should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

8. In elementary school mathematics classes, computers should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

9. In middle school mathematics classes, calculators should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

10. In middle school mathematics classes, computers should be used as a demonstration tool: 

Never Almost Never Occasionally Frequently Almost Always 

11. In high school mathematics classes, calculators should be used as a demonstration tool: 

Never Ahnost Never Occasionally Frequently Almost Always 
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Part III Survey E 

12. In high school mathematics classes, computers should be used as a demonstration tool: 

Never Ahnost Never Occasionally Frequently Ahnost Always 

13. In elementary school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

14. In elementary school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

15. In middle school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Ahnost Always 

16. In middle school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

17. In high school mathematics classes, calculators should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

18. In high school mathematics classes, computers should be used as a learning tool: 

Never Almost Never Occasionally Frequently Almost Always 

19. Calculators are good tools to use on mathematics exams. 

Strongly disagree Disagree Neutral Agree Strongly agree 

20. At present, I feel that I could use technology effectively in my future mathematics classroom. 

Strongly disagree Disagree Neutral Agree Strongly agree 

21. The primary use of a calculator is for finding numerical answers to mathematics problems. 

Strongly disagree Disagree Neutral Agree Strongly agree 
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Stop-Please return this survey. Thank you again for your participation in this 
project! 
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APPENDIX E 

OBSERVATION RUBRIC 
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APPENDIX F 

DIFFERENCES IN PRE- AND POST-SURVEY MEANS 

FOR ALL 48 QUESTIONS ANALYZED 
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Table F.l Differences in Pre- and Post-Survey Means 
All 48 Questions Analyzed 

for 

No. 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Part II Questions 

In order for me to learn 
mathematics, using a calculator 
is helpful: 
In order for me to learn 
mathematics, using a computer 
is helpful: 
I am confident in using 
calculators to do mathematics: 
I am confident in using 
computers to do mathematics: 
Using calculators helps me 
understand mathematics: 
Using computers helps me 
understand mathematics: 
Using calculators helps me 
answer questions more quickly 
and accurately: 
Using computers helps me answer 
questions more quickly and 
accurately: 
In order for me to learn 
mathematics, working with a 
partner is helpful: 
In order for me to learn 
mathematics, lectures are 
helpful: 
In order for me to learn 
mathematics, the textbook is 
helpful: 
I prefer to do my mathematics 
homework alone: 
I study for the majority of my 
math tests with other students: 
I expect to use the material 
that I will learn in this 
course in my future career: 
Learning mathematics involves 
mostly memorizing: 
Mathematics is a good field for 
creative people: 
Mathematics is useful in 
solving everyday problems: 
There is little place for 
originality in solving 
mathematics problems. 

Pre-
Survey 

4.00 

3.27 

4.05 

2.68 

3.41 

2.86 

4.50 

3.50 

4.05 

3.86 

3.59 

4.14 

2.59 

4.14 

2.95 

3.45 

3.91 

2.86 

Post-
Survey 

3.95 

3-68 

4.23 

3.50 

3.50 

3.41 

4.36 

4.00 

3.95 

3.82 

3.68 

3.77 

2.41 

3.86 

2.77 

3.82 

4.18 

2.55 

Mean 2-
Mean 1 

-.05 

.41 

.18 

.82 

-09 

.55 

-.14 

.50 

-.09 

-.05 

.09 

-.36 

-.18 

-.27 

-.18 

.36 

.27 

-.32 

107 



Table 
No. 

31 

32 

33 

34 

35 

36 

37 

38 

39 

No. 

1 

2 

3 

4 

5 

6 

7 

F.l Continued 
Part II Questions 

Estimating is an important 
mathematics skill: 
There are many different ways 
to solve most mathematics 
problems: 
New discoveries in mathematics 
are constantly being made: 
Calculators are good tools to 
use on mathematics exams: 
I am confident in using 
technology: 
Learning to add, subtract, 
multiply and divide fractions 
without the use of technology 
is necessary: 
Developing good algebra skills 
is necessary: 
Competence in manipulating 
algebraic expressions without 
the use of technology is 
necessary: 
Learning the quadratic formula 
is necessary: 

Part III Questions 

In elementary school 
mathematics classes, 
calculators should be used as 
an instructional tool: 
In elementary school 
mathematics classes, computers 
should be used as an 
instructional tool: 
In middle school mathematics 
classes, calculators should be 
used as an instructional tool: 
In middle school mathematics 
classes, computers should be 
used as an instructional tool: 
In high school mathematics 
classes, calculators should be 
used as an instructional tool: 
In high school mathematics 
classes, computers should be 
used as an instructional tool: 
In elementary school 
mathematics classes, 
calculators should be used as a 
demonstration tool: 

Pre-
Survey 

4.09 

3.95 

3.95 

4.18 

3.77 

4.23 

4.36 

4.18 

3.77 

Pre-
Survey 

3.09 

3.32 

3.59 

3.59 

4.41 

4.18 

3.41 

Post-
Survey 

4.14 

3.91 

4.00 

4.14 

3.91 

4.05 

4.18 

3.95 

3.64 

Post-
Survey 

3.18 

3.36 

3.68 

3.68 

4.18 

4.09 

3.59 

Mean 2-
Mean 1 

.05 

--05 

.05 

-.05 

.14 

-.18 

-.18 

-.23 

-.14 

Mean 2-
Mean 1 

.09 

-05 

.09 

.09 

-.23 

-.09 

.18 
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Table 
No. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

F.l Continued 
Part III Questions 

In elementary school 
mathematics classes, computers 
should be used as a 
demonstration tool: 
In middle school mathematics 
classes, calculators should be 
used as a demonstration tool: 
In middle school mathematics 
classes, computers should be 
used as a demonstration tool: 
In high school mathematics 
classes, calculators should be 
used as a demonstration tool: 
In high school mathematics 
classes, computers should be 
used as a demonstration tool: 
In elementary school 
mathematics classes, 
calculators should be used as a 
learning tool: 
In elementary school 
mathematics classes, computers 
should be used as a learning 
tool: 
In middle school mathematics 
classes, calculators should be 
used as a learning tool: 
In middle school mathematics 
classes, computers should be 
used as a learning tool: 
In high school mathematics 
classes, calculators should be 
used as a learning tool: 
In high school mathematics 
classes, computers should be 
used as a learning tool: 
Calculators are good tools to 
use on mathematics exams: 
At present, I feel that I could 
use technology effectively in 
my future mathematics 
classroom: 
The primary use of a calculator 
is for finding numerical 
answers to mathematics 
problems: 

Pre-
Survey 

3.64 

3.91 

4.00 

4.23 

4.09 

3.18 

3.55 

3.68 

3 .77 

4.14 

4.14 

4.18 

3.73 

3.91 

Post-
Survey 

3.68 

4.05 

4.09 

4.41 

4.32 

3.50 

3.50 

3.91 

3.91 

4.27 

4.18 

4.18 

4.14 

3.73 

Mean 2-
Mean 1 

.05 

.14 

.09 

.18 

.23 

.32 

-.05 

.23 

.14 

.21 

.19 

.09 

.23 

.24 
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APPENDIX G 

END OF COURSE EVALUATION 
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STUDENT EVALUATION OP (INSTRUCTOR'S NAME). 

FOR MAT9/STAT SECTION .SEMESTER .YEAR . 
On a scale of 1 to 5, respond to the following s ta tements . 
l»»«trongly disagree" 2a"dijagrae" 3 = -no opinion" 4a''agr«a" 5 = "stronglyagree" 

1. The i n s t r u c t o r c l e a r l y expla ined the course 
content , requirements, and goals a t the beginning 
of the course . 1 2 3 4 5 

2. The i n s t r u c t o r begins and ends c l a s s on time. 1 2 3 4 S 

3 . The i n s t r u c t o r ca re fu l ly prepares for c l a s s . 1 2 3 4 5 

4. The i n s t r u c t o r explains the mate r ia l c l e a r l y 
and "adequately. 1 2 3 4 5 

5. The i n s t r u c t o r encourages s tudents to ask 
cjuestions in c l a s s . 1 2 3 4 5 

6. The i n s t r u c t o r i s r e a d i l y a v a i l a b l e to help 
outs ide of c l a s s . 1 2 3 4 5 

7. The i n s t r u c t o r i s knowledgeable about the 
course ma te r i a l . 1 2 3 4 5 

8. The i n s t r u c t o r i s e n t h u s i a s t i c about the 
course ma ta r i a l . 1 2 3 4 5 

9. The i n s t r u c t o r i s courteous and respec t fu l 
towards the s tuden t s . 1 2 3 4 5 

10. The i n s t r u c t o r at tempts to make the subject 
matter i n t e r e s t i n g and r e l e v a n t . 1 2 3 4 5 

11 . The i n s t r u c t o r experiments with innovative 
teaching methods. 1 2 3 4 5 

12. The i n s t r u c t o r ass igns appropr i a t e homewo;rk 

to prepare s tudents for the t e s t s . * 1 2 3 4 5 

13. The i n s t r u c t o r uses the textbook e f f ec t i ve ly . 1 2 3 4 5 

14. The i n s t r u c t o r uses technology e f f e c t i v e l y . 1 2 3 4 5 

15. The i n s t r u c t o r i s f a i r , c a re fu l , aind punctual 

in grading. 1 2 3 4 5 

16. The i n s t r u c t o r provides good examples. 1 2 3 4 5 

17- The i n s t r u c t o r wants the s tuden ts to succeed. 1 2 3 4 5 

18. The i n s t r u c t o r ' s l e c t u r e s a re cons i s t en t 
with the s t a t e d conten t , requirements, and goals 
of the course . 1 2 3 4 5 

19. The exams and homework assignments are 
cons i s t en t with the i n s t r u c t o r ' s l e c t u r e s . 1 2 3 4 5 

20. The ove ra l l q u a l i t y of i n s t r u c t i o n in t h i s 
course i s s a t i s f a c t o r y . 1 2 3 4 s 

P l e a s e answer t h e q u e s t i o n s on t h e r e v e r s e s i d e o f t h i s f o r m . 

Ill 
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What did you like BEST about this instructor? 

What did you like LEAST about this instructor? 

What suggestions do you have for improvement of the teaching of this 

course? 
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