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ABSTRACT

The purpose of this study was to determine the effect that calculators have

on the attitudes and numerical problem-solving skills of primary students. The

sample used for this research was one of convenience. The sample consisted of

two grade 3 classes within the York Region District School Board. The students

in the experimental group used calculators for this problem-solving unit. The

students in the control group completed the same numerical problem-solving unit

without the use of calculators.

The pretest-posttest control group design was used for this study. All

students involved in this study completed a computational pretest and an attitude

pretest. At the end of the study, the students completed a computational posttest.

Five students from the experimental group and five students from the control

group received their posttests in the form of a taped interview. At the end of the

unit, all students completed the attitude scale that they had received before the

numerical problem-solving unit once again. Data for qualitative analysis included

anecdotal observations, journal entries, and transcribed interviews. The constant

comparative method was used to analyze the qualitative data. A t test was also

performed on the data to determine whether there were changes in test and

attitude scores between the control and experimental group.

Overall, the findings of this study support the hypothesis that calculators

improve the attitudes of primary students toward mathematics. Also, there is some

evidence to suggest that calculators improve the computational skills of grade 3

students.
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CHAPTER ONE: THE PROBLEM

Introduction

The study attempted to determine the impact of using calculators for numerical

problem-solving at the primary level. Specifically, changes in numerical problem-solving

skills and attitude toward mathematics were explored. Six mathematics problems were

presented to students in the grade 3 experimental and control groups before and after the

program intervention. Mathematics attitude surveys were also completed by both groups

before and after the program intervention. Five students from each of the experimental

and control classrooms received their five-item posttest in the form of a taped interview.

These interviews were transcribed in order to allow the researcher to gain insight into the

students' understanding of the steps to be followed in order to solve mathematical

problems. The results of the data provided information about the usefulness of

incorporating calculators into the primary mathematics curriculum.

Background of the Problem

Decades ago, the necessity of learning standard, written, computational

algorithms was obvious. However, the invention of handheld calculators has called into

question the need to be proficient with paper-and-pencil algorithms. Most mathematics

researchers agree that mathematics curricula must reflect the influence of technology

upon society. In 1974, the National Council of Teachers of Mathematics (NCTM) issued

a statement that urged the use of calculators in schools. The NCTM believed that

calculators would aid algorithm instruction, facilitate concept development, reduce





demand for memorization, enlarge the scope of problem-solving, provide motivation, and

encourage discovery, exploration, and creativity (Hembree and Dessart, 1986). Twelve

years after this directive, less than 20% of elementary classrooms, and 36% of secondary

classrooms in the United States had incorporated calculators into their mathematics

programs (Hembree and Dessart). Every administrator and educator must make decisions

concerning the use of calculators in mathematics programs. At the secondary level,

calculators have been accepted as an effective way to replace lengthy algorithms.

However, the use of calculators in elementary schools remains controversial. In the

forefront of the skepticism is the warning that calculator use will end in the demise of

paper-and-pencil skills.

Purpose of the Study

The purpose of this research was to determine the impact of using calculators in

the primary classroom. Particular emphasis was placed on the effect of using calculators

for numerical problem-solving. Skills in computation and attitude toward mathematics in

general were explored. It was also the intent of this study to decipher the steps that

primary children follow in order to solve mathematical problems.

Statement of the Problem

The two principal research questions explored in this investigation included:

1. Do calculators affect the attitudes of primary children toward mathematics?

2. What effect do calculators have on the computational skills of primary

students?
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Rationale

Every mathematics educator is faced with decisions concerning the use of

calculators in his/her classroom. Public debate concerning the use of calculators for

mathematics instruction is heated, and calculator use in the elementary schools appears to

be the most controversial. Some educators and parents feel that the use of calculators

before mastery of mathematical algorithms will impede the development of basic

mathematical skills. Although some research has been completed in this area, no recent

Canadian studies exist concerning the use of calculators for problem-solving at the

primary level. Also, few studies combine qualitative and quantitative research or

performance assessment and attitude measurement of students.

Importance of the Studv

The goal of this study is to make educators, specifically classroom teachers, aware

of the effects of using calculators in their mathematics programs. It is also hoped that the

results of this study will lead to an improvement in mathematics instruction in the

primary classroom. Another aim of this study is to encourage more research in this area.

Finally, it would be beneficial for teachers to be given in-depth workshops concerning the

integration of the calculator into their mathematics curriculum and a list of useful

resources to help them achieve this goal.

Scope and Limitations of the Studv

This study will deal specifically with the effect that calculators have on the

computational skills and attitudes of primary students toward mathematics. These
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research areas were chosen because there are no recent Canadian studies that focus on the

effect that calculators have on the skills or attitudes of primary students. Also, few of the

studies conducted in other countries combine qualitative and quantitative research on

both of these topics of inquiry.

Issues such as gender and learning disabilities will not be addressed in this

research paper. Also, this research will be limited to the use of calculators for numerical

problem solving only. The various uses for calculators in the classroom, and the role that

gender and learning disabilities have on the effectiveness of calculator use are of interest

to the researcher, however, time restrictions dictated a restricted focus.

Outline of Remainder of the Document

Chapter Two of this study is a critical and integrative review of previous literature

written about the topic under study. This chapter is written from a thematic perspective.

Topics include a meta-analysis, the use of calculators for problem-solving, the benefits of

calculator workshops and resources, long-term studies, calculators and paper-and-pencil

skills, the argument against the use of calculators in primary mathematics, creating a

balance, classroom calculator activities, and calculators and mathematics assessment.

There is also a chapter overview and section summarizing the findings from the literature

review.

Chapter Three discusses the problem or work area, research methodology,

research design, pilot studies, selection of participants, instrumentation, data collection

and recording, data processing and analysis, and assumptions and limitations of this

study.
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Chapter Four describes the results of both the quantitative and quahtative

research. The results of the qualitative research are divided into four major sections:

calculator orientation and exploration, student attitude toward calculators, student beliefs

and opinions concerning the numerical problem-solving unit, and student performance on

the posttest. The results of the quantitative research are divided into: descriptive statistics,

and mean differences.

Chapter Five contains a brief summary of the work that has been covered in this

study. Next, conclusions are drawn based on the analysis of the data. Information from

the review of related literature are used to support conclusions made. Finally, the

implications of the findings of this study for practice and further research are outlined.
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CHAPTER TWO: REVIEW OF RELATED LITERATURE

Overview

Over two decades ago, handheld electronic calculators became widely available

consumer products. With the introduction of these calculators came much debate

considering their possible uses in school mathematics. More recently, there has been

widespread agreement among mathematics educators that calculators should be

incorporated into mathematics curriculum at all school levels, because they enhance

mathematics curricula.

A Meta-Analysis

In an important paper that focuses on the benefits of using calculators in the

classroom, Hembree and Dessart statistically averaged calculator effects in kindergarten

to grade 12, using 79 studies. The focus of this meta-analysis was to measure the effects

of calculator use on the achievement scores and attitudes of students towards

mathematics. Although this study involved students from kindergarten to grade 12, only 7

of the 79 studies included students from kindergarten to grade 4. Calculators were used

mainly for computation in 66 of the studies, and in the remaining 13 studies calculators

were used as a device to develop numerical problem-solving strategies. The median

length of calculator treatment was 30 days.

Hembree and Dessart (1986) drew a number of conclusions based on the results

of their meta-analysis. These include:
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1. Students in kindergarten to grade 12, (excluding grade 4), maintain paper-and-

pencil skills when calculators are used along with traditional mathematics

instruction.

2. Basic skills of average grade 4 students are hindered by sustained calculator

use.

3. Calculators increase performance on tests in both operations and problem-

solving. This applies to all grades and ability levels.

4. When students use calculators, they have a better self-concept in mathematics

and a better attitude toward mathematics in general. This also holds true for all

ability levels and grades.

Based on these findings, Hembree and Dessart (1986) present the

following recommendations:

1. All kindergarten to grade 12 classes should use calculators.

2. Caution should be used when approaching mathematical concepts in grade 4

with a calculator.

3. Students in grades 5 and above should be permitted to use calculators for test

taking and problem-solving.

It is clear that the data collected in Hembree and Dessart' s meta-analysis supports

the NCTM's recommendation for the use of calculators in school classrooms. However,

due to the fact that this study includes only seven primary level classrooms, results are

not conclusive for this age group. Also, there is no explanation cited for the demise in the

paper-and-pencil skills of grade 4 students.
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Calculators and Problem-Solving

Wheatley (1980) believes that the benefits of using a calculator are evident in

Polya's steps in problem-solving. Polya (1945) defined the four steps involved in solving

a problem. First, the student must fully understand the problem. This may be

accomplished by having the student write the problem in his/her own words. The next

step involves designing a plan to solve the problem. A student may approach this by

applying a rote strategy, or simply through trial and error. Thirdly, the student solves the

problem. Finally, the student reflects on his/her answer and evaluates his/her work.

Wheatley feels that a student's inability to work through stage three, the computational

stage, may distract the student from applying effective problem-solving strategies.

Based on Polya's research (1945), Wheatley (1980) completed a study to compare

the problem-solving abilities of elementary school children with and without the

availability of calculators. Frequency of computational errors, range of problem-solving

processes, and percentage of correct answers were the focus of this project. Forty-four

grade 6 students participated in this study. Both groups studied a unit on problem-solving

under the guidance of the same teacher each day for six weeks. The calculator group was

taught to use the calculator for all work and assignments. The non-calculator group did

the same work without the aid of the calculator. There were oral problem-solving

interviews at the end of the six weeks. Each student was given five problems. The

calculator treatment group had calculators available and the non-calculator group did not.

Students were asked to think aloud as they worked through five problems. These

interviews were tape recorded and later transcribed.

At the end of the six week treatment period the researchers found that:
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1. The calculator group had a success rate 2 Vi times that of the non-calculator

group,

2. Students using calculators appeared to be more confident in interviews.

3. The calculator group explored more strategies.

4. Students with calculators spent less time calculating and more time attacking

the problems.

Wheatley (1980) cited the use of only 44 students as a limitation to her study.

Also, she believes that a six week period may not have been enough time for students to

fully understand the use of calculators for problem-solving. Nevertheless, Wheatley'

s

results undoubtedly support the use of calculators in the grade 6 classroom.

More recently, in the 1998 yearbook of the National Council of Teachers of

Mathematics, Usiskin (1998) stated that the use of calculators in the classroom provides

students with more time to explore other areas of mathematical understanding. He stated

that with the use of calculators students are able to explore the relationships and patterns

evident in the problems that they solve. Also, he felt that the use of calculators in

numerical problem-solving allowed more time for students to investigate alternative

problem-solving methods.

The Benefits of Calculator Workshops and Resources

Shumway et al. (1981) completed an in-depth study to determine the effect that

making calculator-related resources, curriculum, and inservice workshops available to

teachers would have on students in grades 2 to 6. Specifically, these researchers wished

to focus on changes in attitude and problem-solving success rates. At each grade level,
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there were five classes in which the students were using calculators, and five classes

whose students were not using calculators. The treatment period was 67 days. Teachers in

non-calculator classrooms were instructed not to allow students to use calculators for any

reason. Teachers in calculator classrooms assigned each student his/her own calculator.

They also received two calculator workshops given by the researchers and sixty-six

classroom activities involving calculators. Pretests and posttests were administered to all

students and site directors observed both calculator and non-calculator classrooms.

At the end of the 67-day treatment period classroom observations were

sunmiarized. Site directors agreed that:

1. Students in calculator classes played more math games than non-calculator

classes.

2. At any given time about 60% of students in calculator classes used their

calculators.

3. Calculators were used for instruction about 40% of the time in calculator

classes.

There were also conclusions drawn based on the results of testing the calculator and non-

calculator groups. Testing showed that:

1. Students have a more positive attitude toward calculators than toward

mathematics.

2. Both groups made great strides in basic facts.

3. With very little instruction students increased computational power with a

calculator.
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The researchers agree that a short treatment time of 67 days, and a wide range of

calculator uses among teachers were limitations of this study. Also, due to the broad

range of calculator use among teachers, the standardized testing did not necessarily

reflect the classroom activities. However, based on the findings of their study, Shumway

et al. (1981) believe that calculators should be used in schools as long as effects are

closely monitored. Also, these researchers assert that calculators should be used for most

test situations if they have been available for assignments.

Long-Term Studies

More recently, Shuard (1992) completed the Calculator-Aware Number (CAN)

curriculum project in Britain. This was a study concerning the effects of using calculators

as a part of the mathematics classroom by the age of six. This project started in 1986. At

this time, twenty classes of children aged 6 joined. These children were expected to

remain in the CAN program for 5 years. Teachers involved in this study were asked to

allow students to use calculators whenever they wished. Teachers were also told not to

teach vertical algorithms for addition, subtraction, multiplication, and division. It was

thought that this time would be better spent exploring relationships and patterns of

numbers. In 1986, there was not much research regarding primary students using

calculators. Thus, teacher groups met monthly to exchange ideas and concerns. Also,

each teacher group had an advisory teacher to visit classrooms and make observations. At

the end of the study, both the calculator and non-calculator groups completed a

standardized test. This was a test prepared by the Local Education Authority that all

students wrote when they were nine years of age.
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Some of the trends noted by the advisory teachers with respect to the calculator

groups included:

1. There was an increase in children's confidence when solving mathematical

problems.

2. Children were no longer concerned with getting the right answer.

3. Many students became interested in number patterns.

4. Students often used mental calculation, instead of calculators, to solve math

problems.

5. Students relied on developing their own strategies for working with numbers,

because they were not aware of traditional algorithms.

6. Children often understood topics considered above age level.

7. Students were more persistent while attempting to tackle problems. Also,

students in the experimental group performed better in 28 of the 36 items on

the standardized test.

The results of this project are encouraging. Further investigation into the eight

items from the standardized test that the calculator group experienced difficulty with may

prove beneficial for educators responsible for planning mathematics curricula.

To date, Stacey and Groves (1998) have completed the most comprehensive study

on the use of calculators in primary mathematics. This study was conducted in Australia

and included over 60 teachers and 1000 students. The study took place over a four year

period. Children entered the program at kindergarten and grade 1 and followed through

until grades 3 and 4. Stacey and Groves focused on the ways that calculators were used in

the classrooms, and the benefits derived from their uses. All children involved in the
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study were allowed to use a calculator whenever they wished, and teachers were provided

with systematic guidance and support. After participating in this project, students in grade

4 received a series of interviews and tests with and without calculators. The purpose of

these tests and interviews was to assess the long-term effects of calculator use in the

classroom.

Over the course of this project, Stacey and Groves (1998) found that four major

uses for calculators emerged:

1. The calculator was used to explore numbers.

2. Children used calculators to count. This allowed them to find patterns and

relationships.

3. The calculator was used to perform operations involved in problem-solving.

4. Calculators were used as an alternative to writing numbers.

Stacey and Groves (1998) also tabulated the percentages of time spent on each of

the four calculator functions. In kindergarten to grade 2: recording 19%, counting 17%,

operating 54%, and exploring 10%. In grades 3-4: recording 0%, counting 23%,

operating 74%, and exploring 3%. The researchers felt that more time should be spent

using calculators to explore and discover number patterns and relationships. Less time

should be spent performing traditional algorithms. They believed that this would help to

ensure that the calculator was not viewed as a device that would be detrimental to the

development of basic facts.

Nearing the end of the treatment period, 58 grade 4 children were tested and

interviewed. Approximately half of these children were part of the project and the other

half had no long-term experience with calculators. Overall, the performance of the
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calculator group was better on 34 of the 39 items. Children with calculator experience:

(a) had better knowledge of place value, decimals, and negative numbers, (b) made more

appropriate calculating choices, (c) were more aware of the meanings of their answers.

Stacey and Groves (1998) asserted that the results of their project show that the use of

calculators in the primary years promotes number sense. For this reason, they indicated

support for the use of calculators in primary classrooms. Investigation into the five items

that the experimental group struggled with may prove beneficial for mathematics

programming.

Calculators and Paper-and-Pencil Skills

A common concern in each of these articles is the effect that calculators have on

the paper and pencil skills of elementary students. However, Wheatley and Shumway

(1992) called into question the importance of being able to divide large numbers, when a

calculator can complete this task in seconds. Wheatley and Shumway feel that the

importance of computation should not be assumed. They also stated that knowing when

to use addition, subtraction, multiplication, or division is a lot more important than

completing lengthy algorithms to reach an answer. These researchers said that

mathematics needs to be characterized by the patterns and relationships between

numbers, not by rote procedures to be memorized. Children would then be invited to use

calculators whenever appropriate and create their own simple algorithms.

Groves (1994) stated that being able to solve numerical algorithms quickly and

accurately was once a valuable employment skill. However, she feels that the need for

paper-and-pencil skills has greatly declined with the invention of handheld calculators

and machines, such as cash registers, that have calculating devices built into them.
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Bracey (1997) agrees with Groves' argument, and he stated that it is now much more

important for people to know how to use calculators and to be able to determine whether

or not the number on the display is reasonable.

Mercer (1992) also supports Wheatley and Shumway's line of argument. He

stated that students need to have a real sense of numbers before they are told to perform

mechanical tasks. He indicated a belief that children should be taught about the meaning

of whole numbers, decimals, geometric concepts, and fractions throughout their

elementary school years. By grade eight, these students should know the meanings

attached to these mathematical concepts and how and when to apply them. Calculators

could then be used to solve equations and arithmetic algorithms after some level of

number sense has been achieved. Mercer asserted that children learn much better when

they see that there is a purpose for their learning. He stated that it would be valuable to

teach reasoning skills and calculator skills before arithmetic algorithms are taught.

Mercer feels that children would then have background knowledge and interest in topics

being covered. Mercer also asserted that students will be eager to discover how the

calculator obtains its results, and ready to learn the mechanical algorithms necessary.

Mercer concluded by stating that mechanical tasks are not central to true mathematics,

and educators need to realize this if they wish to have a successful mathematics program.

The Argument Against the Use of Calculators in Primary Mathematics

Usiskin (1998) stated that the debate regarding whether or not to use calculators

to solve numerical problems is not the first debate concerning how numerical problems

should be solved. He feels that a similar controversy emerged when paper-and-pencil
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algorithms were introduced five hundred years ago. At that time, people feared the

demise of their ability to solve problems using mental calculations. However, mental

calculations still remain an important aspect of current day mathematics curricula. Thus,

Usiskin believes that while calculators may replace many algorithms in our mathematics

programs, those with qualities of good algorithms will remain.

Bracey (1997) believes that the argument against the use of calculators in the

classroom is based on the presumption that rote number skills, such as multiplication

tables, are basics that need to be learned by memory. Brandt (1998) agrees with this line

of argument, and he cited two Public Agenda reports, "First Things First" and "Reality

Check", in order to illustrate that educators and the general public do not share conmion

views concerning what is important in mathematics education. These reports show that

Americans feel strongly about basic skills, including arithmetic algorithms. These reports

also illustrate that most people are skeptical concerning the use of calculators in primary

mathematics, despite the fact that the experts are encouraging their use. Part of the

argument contained in these reports states that most people believe that children should

simply not be promoted to the next grade level until they can do the work at their current

grade level.

Marion (1998) believes that any studying technique that asks a student to learn a

procedure and recall it when they choose to use it again is of great value. He also stated

that mnemonic devices and rote strategies that involve patterns have universal

applications. Usiskin (1998) agrees with the usefulness of algorithms. He stated that if a

student wishes to examine the process that they used in order to reach a particular answer,

algorithms leave behind evidence of the steps that were taken, while a calculator does
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not. Bracey (1997) agrees with Usiskin's line of argument, and he stated that calculators

are not as useful as algorithms for open-ended mathematics problems, because the

computational process remains inside the calculator rather than on the paper. Paper-and-

pencil algorithms provide the method that is followed in order to achieve the result.

Usiskin (1998) agrees with this, and he stated that calculators "don't just announce the

result; they construct it" (p. 12).

Creating a Balance

Although Groves (1994) found calculators to be excellent tools for numerical

problem-solving at the primary level, she admitted that it does take some time for

children to recognize the operations that need to be used in order to solve a problem on

their calculators. She also stated that a child's ability to choose appropriate operations

improves over time. It is for this reason that Carroll (1998) recommended that students

should be exposed to a variety of problem-solving strategies. Carroll believes that

students should be asked to choose the strategy that best fits the problem. According to

Carroll, students must also be asked to explain the reasoning behind their choice, in order

to develop their communication and reasoning skills. Carroll also stated that most

standardized tests include a computational section that is to be completed using paper-

and-pencil skills. Yet another reason to expose children to a variety of problem-solving

strategies.

Usiskin (1998) stated that the cost of technology is another factor involved in the

choice of problem-solving strategies. He believes that educators cannot expect students to

be able to use technology effectively unless it is available to use at all times. The

statement produced by the Australian Association of Mathematics Teachers (1996) agrees
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with Usiskin's line of argument that "every care must be taken to ensure that the use of

technology does not contribute to increased inequity among individuals and groups

already recognized as being disadvantaged by reason of race, gender, disability, or

socioeconomic status" (p. 5).

Charlie Marion (1998) stated that both students and teachers often feel

uncomfortable with change that takes place too quickly. He also feels that the needs and

interests of students should be a factor when considering levels of mastery for various

algorithms, whether they are on paper or inside a calculator.

According to the paper produced by the Australian Association of Mathematics

Teachers (1996), students must be able to make informed decisions concerning the use of

mathematical problem-solving strategies. They must recognize when to use technology

and when a paper-and-pencil solution would be more appropriate. Students must also be

able to recognize the limitations to their choices, and respond to changes in technology

that may alter their strategies.

Classroom Calculator Activities

Stacey and Groves (1998) and Bruck (1994) have included a number of calculator

activities to be used in the primary classroom. By following the four uses for a calculator,

as outlined by Stacey and Groves, these activities can be classified as recording,

counting, calculating, and exploring activities. For recording, students can use calculators

to remind themselves how to print difficult numbers like two and five. Calculators are

also an excellent way to reinforce the writing of number sentences. Pressing the addition

and equal sign buttons on the calculator helps students remember to include them in their
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addition and subtraction sentences (Stacey and Groves, 1998). Teachers can also write

number words on the chalkboard and have children enter the number represented by the

word into their calculators. Groups of numbers can be called out by the teacher and

entered into the calculator in sequential order by the students (Bruck, 1994).

For counting, the constant function can be used to count by any number from any

starting point. If a students press 3+2=, they get an answer of 5. If they continue to press

the equals sign, they will get the sequence 5, 7, 9, 11, etc. Using the subtraction key will

allow students to count backwards. The constant key is also an excellent device for a

tally. The constant key can be used as a fun way to count without the use of paper.

Students can count how many people pass by the school, or how many times their heart

beats in a minute (Stacey and Groves, 1998).

When concentrating on calculations, teachers can supply students with a number

of addition and subtraction problems and have the students use their calculators to find

the answers (Bruck, 1994). Students may be asked to roll two dice and add or subtract the

numbers that land face up (Stacey and Groves, 1998). Students could also estimate the

answer to a word problem and then find the accurate answer on the calculator. After the

correct answer is found, the calculator can be used to calculate how close the student was

to the correct answer (Bruck, 1994).

Finally, calculators should be used to explore numbers. There are no set activities

to accomplish this. Rather, students are given time to find out what happens if they enter

a number that is too large to fit on the screen, or they subtract a large number from a

small number (Stacey and Groves, 1998). Stacey and Groves state that when interviewed,

many teachers admitted that they joined the calculator project because they did not have a
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clear understanding of how calculators could support and extend their primary

mathematics programs. Thus, it is important that teachers refer to the many existing

calculator activity packages available in order to experience some level of success.

Wilson (1991) is a strong supporter of using calculators in the classroom. She

feels that with the help of a calculator, children can write and solve their own word

problems as early as grade 1. In fact, she did this in her own grade 1 classroom. Children

were asked to write word problems about things that were familiar to them like their

school, home, or hobbies. Wilson stated that students are enthusiastic when asked to

construct their own word problems about things that interest them. Wilson asserted that

they prefer this to word problems provided in a textbook.

When children found that some of the numbers in the word problems had been too

difficult, Wilson (1991) allowed them to work with calculators. These students were

introduced to calculators earlier in the school year. Wilson found that the calculators

allowed her students to work comfortably with numbers up to 100, and that they were

able to solve more problems than without a calculator. Wilson believes that allowing

students to write their own word problems gives them a sense of ownership and

motivation, and she feels that using calculators enhances this positive experience.

Sugarman (1992) feels that the use of calculators should be central to elementary

mathematics programs. He also stresses the importance of encouraging students to

verbalize their view of number patterns and relationships. He also feels that students

should explain the steps that they followed in order to solve mathematical problems.

Sugarman admits that it is not natural for children to share their thought processes.





21

However, when children are asked to describe their calculating strategies regularly, they

soon do it routinely.

The process is simple. The teacher asks the student why he/she has chosen the

operation about to be entered into the calculator, and the student retraces his/her thinking

and explains it to the teacher. This is a sharp contrast to the written algorithm where the

student follows a number of mechanical steps to reach an answer. Sugarman (1992)

believes that by sharing their personal strategies for problem-solving, children begin to

understand that they are choosing an appropriate path to find an answer, not following a

memorized routine.

Calculators and Mathematics Assessment

Hopkins (1992) believes that the use of calculators in mathematics testing is

essential if calculators are to be widely used in the classroom. Hopkins states that using

calculators for assessment will:

1. Ensure that students do not spend too much time on computation.

2. Allow teachers to include more realistic problems on tests.

3. Encourage a shift away from computation and toward reasoning.

Hopkins (1992) conducted a survey to determine which learning outcomes would

be suitable to test with calculators. About 100 surveys were distributed to mathematics

consultants throughout the state of Florida. Results were overwhelmingly in favour of

using calculators for numerical problem-solving. Hopkins agrees with this, and she feels

that calculators allow children to focus on the steps involved in problem-solving without

worrying about the actual computation.
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In a recent issue of "Educational Assessment", Meel (1997) reviewed literature

concerning the use of calculators for mathematics assessment. Most of the literature

supported the idea that students who use calculators for mathematics tests have more

positive attitudes and are more confident. Also, much of the literature stated that the use

of calculators during mathematics assessments allowed teachers to present students with

higher-level, real-world problems.

The statement produced by the Australian Association of Mathematics Teachers

(1996) states that "assessment practice should reflect good teaching practice. The use of

technological resources as integral aids to learning assumes their inclusion in the

assessment process. New approaches to assessment will be required in all levels to better

reflect the realities of learning within a technological society" (p. 5).

Summary

To date, there is a lot of research in support of using calculators in the

mathematics classroom. Despite this, a study completed in 1994 involving 80 elementary

schools in the United States found that in 38% of the schools calculators were not being

used at all. Also, only 6% of the schools used calculators at every grade level (Lehmen,

1994). Lehman feels that in order to bridge the growing gap between technology and the

mathematics curriculum:

1. Teachers must be provided with in-depth workshops concerning effective uses

of technology in the classroom.

2. Preservice teachers must be taught to incorporate technology into lessons

whenever appropriate.
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3. More research is necessary to further study cases of successful integration of

technology into the elementary school classroom.

The Australian Association of Mathematics Teachers (1996) stated that

mathematics curricula must reflect the influence that technology has on society. Thus,

educators must engage in a cycle of evaluation and restructuring at all school levels in

light of these technological changes. Only then will calculators be successfully integrated

into all classrooms across all grade levels.
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CHAPTER THREE: RESEARCH METHODOLOGY

Overview

Although many studies concerning the impact of using calculators in the

classroom have been conducted, very few studies focus on the use of calculators in the

primary classroom. Also, no Canadian studies were found that addressed the use of

calculators in the primary classroom from both a quantitative and qualitative perspective.

This chapter restates the problem from the perspective of the research methodologies

used in this study. The research design, pilot studies, selection of participants,

instrumentation, data collection and recording, data processing and analysis, and

methodological limitations are discussed in this chapter.

Restatement of the Problem

The purpose of this research was to determine the impact of using calculators in

the primary classroom. Particular emphasis was placed on the effect of using calculators

for numerical problem-solving. The impact of calculator use on skills in computation and

attitude toward mathematics in general were explored. It was also the intent of this study

to decipher the steps that primary children follow in order to solve numerical word

problems.

Description of Research Methodology

This study used both quantitative and qualitative research methodologies. The

experimental method was used in order to keep the constructs and knowledge claims of
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this experiment grounded in objective observations and theories. There is general

agreement among the scientific community that the most effective research design for

identifying causal relationships is the experiment. A typical experimental design

involves:

1. The selection of a sample of subjects.

2. The assignment of these subjects to experimental and control groups.

3. The exposure of the experimental group to an intervention or treatment.

4. An evaluation that compares the performance of the experimental and control

groups on the variable (Borg, 1993).

According to Borg (1993), the researcher knows that the treatment caused the

changes observed in the variable that is being measured, if there is a difference in the

average scores of the experimental and control groups that is statistically significant.

Quantitative research also allows the researcher to develop an understanding of this topic

independent of personal biases and values.

The constant comparative method of qualitative research was also used in this

study. Qualitative research is an analysis that involves a non-mathematical examination

and analysis of the actions and words of people (Maykut and Morehouse, 1994). Maykut

and Morehouse state that when using the constant comparative method of research, "the

data are not grouped according to predetermined categories. Rather, what becomes

important to analyze emerges from the data itself, out of a process of inductive

reasoning" (p. 127). Thus, the constant comparative method was useful in this study in

order to allow the researcher to uncover patterns that emerged with careful observation

and analysis.
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Both quantitative and qualitative research are useful in educational research, if the

researcher uses them with sensitivity and discipline. In this study, quantitative research

was used to discern to what extent calculators affected the attitudes and computational

skills of primary students. Qualitative research allowed the researcher to investigate why

calculators affected the attitudes and computational skills of these students, and how

calculators and numerical problem-solving were perceived by these students.

Research Design

The pretest-posttest control group design was used for this study. This design is

among those most commonly used in educational research. The researcher used this

design so that the extraneous factors that acted upon the dependent variable or posttest

could be measured. The experiences of both the experimental and control groups were

kept identical, except that the participants within the experimental group were taught to

use calculators. Therefore, changes on the posttests completed by the participants within

the experimental group that were above and beyond those completed by the participants

within control group were directly attributed to the independent variable or experimental

treatment.

The two principal research questions to be explored in this investigation included:

1

.

Do calculators affect the attitudes of primary children toward mathematics?

2. What effect do calculators have on the numerical problem-solving skills of

primary students?
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Pilot Studies

The computational pretest and posttest, and the attitude scale from this study were

piloted in two grade 3 classrooms in the Niagara Catholic District School Board. All tests

were found to be somewhat challenging, yet grade appropriate. While piloting the attitude

scale in these classrooms, the researcher sensed that a small number of students were

confused by two items that asked them to circle the happy face if they felt negatively

about the item. With some explanation, the students were able to answer these questions

more easily. As a result, the researcher decided to provide both participants from the

experiment and control groups involved in this study with specific instructions for these

two items to ensure that they were answered according to the students' true feelings.

Selection of Participants

The sample to be used for this research was one of convenience. The sample

consisted of two grade 3 classes within the York Region Board of Education. All students

in these two classrooms participated in the six week problem-solving unit. The students

in the experimental classroom used calculators in this unit, and the students in the control

classroom completed the unit without the use of calculators.

A research proposal was submitted to the Sub-Committee on Research with

Human Participants and deemed ethically acceptable. A superintendent from the York

Region District School Board approved this study. Also, consent forms were signed by

all parents whose children participated in this experiment (Appendix E).
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Instrumentation

A mathematics attitude scale was developed by the researcher. It consisted of a

20-item list that was read to the students by the researcher. Students were asked to circle

faces (happy, indifferent, or sad) to indicate their feelings about a certain item. The

attitude scale was a modified Likert scale. One point was allocated for a sad face, two

points for an indifferent face, and three points for a happy face.

Computational pretests and posttests were also developed by the researcher. Both

of these tests consisted of six numerical problem-solving questions, arranged in order of

increasing difficulty. The computational tests were scored out of six points. One point

was allocated for a correct answer, and zero for an incorrect answer.

There was also an interview checklist that was filled out by the researcher. This

checklist was based on the coding system developed by Days, as cited in Wheatley

(1980). Modifications were made in order to make it more appropriate for grade 3

students. This checklist outlined the steps that each student followed in order to complete

the numerical problem-solving questions on the posttest.

Data Collection and Recording

This program was administered to all students in two grade 3 classrooms. The

program consisted of 6 weeks of 20-minute lessons on solving numerical problems. The

students in the experimental classroom used calculators to assist them with their

numerical problem-solving unit. These students also participated in a calculator

orientation program 10 minutes each day for 1 week. During this time students learned

how to use a calculator.
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After parental consent was obtained, each student completed a computational

pretest and a mathematics attitude scale. The attitude scale took approximately 15

minutes to complete, and the computation test took approximately 20 minutes to

complete. These tests were completed as a group in the regular classroom setting. These

tests were administered once again at the end of the program.

Ten randomly selected students, five from each classroom, received their

computational posttest in the form of a taped interview. During these interviews students

were asked to explain the steps that they followed in order to solve each math problem.

These open-ended interviews were conducted at the back of the classroom and lasted

about 20 minutes each. All information contained on the interview tapes was transcribed

by the researcher.

Data Processing and Analvsis

In order to organize and interpret data obtained through computation tests, attitude

scales, and interview surveys, attention was focused on the original research questions.

This ensured that the explicit goals of this project were accomplished.

Results of computation and attitude pretests and posttests were analyzed, and

comparisons were drawn between the experimental and control group results. Differences

in attitude before and after the implementation of the numerical problem-solving unit for

both groups individually were also recorded. The analysis included descriptive statistics

and t tests.

Information gained from the transcribed interviews following this program was

searched for regularities and organized into categories. Next, connections and inferences
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were made in relation to the problem questions. Interpretations were validated by an

individual with expertise in education and qualitative research methods.

Conclusions were drawn based on the results of the computation pretests and

posttests completed by the participants within the experimental and control groups. These

conclusions attempt to answer the problem questions.

A four-part conclusion was used to present the data obtained in this research.

Firstly, there was a summary of the data. Next, the data were explained in direct relation

to the problem statements. Thirdly, the data were related to broader areas of interest on

the topic of calculators in education. Finally, the significance of the findings and possible

applications for a school setting were addressed.

Assumptions and Limitations

The assumptions and limitations of this study included the characteristics of the

sample, certain aspects of the research setting, and factors within the research design. The

pilot school chosen was in an suburban area, and English as a second language may have

been a factor. Also, only two grade 3 classes were involved in this research. Previous

mathematics instruction involving calculators may have had an impact on the results of

the research. However, few primary students in York Region use calculators in the

classroom before grade 3, when they are introduced to calculators in order to complete

the mathematics section of the Educational Quality and Assessment Office testing.

Computation pretests and posttests were completed by the participants from the

experimental and control groups before and after the administration of the numerical

problem-solving program. The program only ran for 30 days, and this may have had an

impact on the level of changes seen in the computation skills of the students. A longer
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program period may have yielded more substantial changes in computation skills. Also,

this study was an indication of the short-term effects of using calculators in the primary

classroom. An extended study is necessary in order to determine the long-term effects of

incorporating calculators into the primary mathematics curriculum.

Summary of Chapter

This chapter provided a description of the research methodologies and designs

used in this study. The importance of including both quantitative and qualitative

methodologies in this study was discussed. Also, pilot studies, selection of participants,

instrumentation, data collection, data processing and analysis, and limitations were

outlined.
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CHAPTER FOUR: FINDINGS

Overview

Recall that the purpose of this study was to discover whether calculators affect the

attitudes of primary children toward mathematics, and to determine the effect that

calculators have on the computational skills of primary students. Consequently, this

chapter presents the results in two distinct ways. First, the overall descriptive statistics are

given, and then each research question is re-articulated and the corresponding answers

presented.

Descriptive Statistics

The sample consisted of 46 students equally divided between two groups.

Therefore, the control and experimental group each consisted of 23 grade three pupils.

The descriptive statistics for each group are illustrated in Tables land 2.

Table 1 summarizes the descriptive statistics for the pre and post computational

and attitude tests for the control group. The pretest computational scores ranged from 1 to

6 with a mean of 3.7 and a standard deviation of 1.5. The posttest computational scores

ranged from 2 to 6 with a mean of 4.6 and a standard deviation of 1.4. The pretest attitude

scores ranged from 25 to 46 with a mean of 38.5 and a standard deviation of 4.0. The

posttest attitude scores ranged from 28 to 44 with a mean of 37.8 and a standard deviation

of 3.4.

Table 2 summarizes the descriptive statistics for the pre and post computation and

attitude tests for the experimental group. The pretest computational scores ranged from 2
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to 6 with a mean of 4.0 and a standard deviation of 1.1. The posttest computational scores

ranged from 4 to 6 with a mean of 5.6 and a standard deviation of 0.7. The pretest attitude

scores ranged from 30 to 46 with a mean of 37.7 and a standard deviation of 4.4. The

posttest attitude scores ranged from 32 to 47 with a mean of 39.1 and a standard deviation

of 4.1.

•: it





Table 1

Descriptive Statistics for Control Group for Pre/Post Computation Test

and Pre/Post Attitude Test

34

Test N M

^Refers to computational posttest.

'^Refers to attitude pretest.

'^Refers to attitude posttest.

SD Min Max

Precomp^





Table 2

Descriptive Statistics for Experimental Group for Pre/Post Computation Test

and Pre/Post Attitude Test
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Test N M

^Refers to computational posttest.

'^Refers to attitude pretest.

'^Refers to attitude posttest.

SD Min Max

Precomp^
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Mean Differences

In this section, it was of importance to determine if there were mean differences

in the change in test and attitude scores between the control and experimental group. In

order to accomplish this, a t test was administered on the data. The results are

summarized in Table 3.

In Table 3, a r test was performed on the data in order to show changes in test and

attitude scores between the control and experimental group. There were no significant

mean differences in computational skills. The mean difference in attitude was statistically

significant (p<.05).

Summary of Findings

A t test was administered on the data in order to determine changes in

computational skills and attitude between the control and experimental group. There were

no significant changes in computational skills. The change in attitude between the control

and experimental groups was statistically significant (p<.05).





Table 3

Changes in Test and Attitude Scores Between Control and Experimental Group
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Measure N M SD

Test
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The Qualitative Research

In this experiment, data was collected that related to the focus of inquiry. What

became important to analyze emerged from the data itself out of a process of inductive

reasoning. The researcher used the constant comparative method to analyze all collected

data. The data that was analyzed was a combination of interviews, observations, and

journal entries.

Calculator Orientation and Exploration

Before the experimental group started working on their numerical problem-

solving question sheets, they were given time to investigate the various attributes and

functions of their calculators. The entire class was excited about being able to use a

calculator, and all of the students were very interested and focused during their 40

minutes of free exploration with their calculators. During this time the experimenter

made observations concerning the types of activities that were observed.

It was noted that some of the students in the experiment group worked together in

small groups, while others chose to work on their own. The experimenter observed small

groups of students taking turns asking and answering each other's addition and

subtraction questions. Many of the questions that these students asked contained large

numbers, and the experimenter noted that many of the students were attempting to read

the answers displayed on the screen.

Another group of students were multiplying and dividing on their calculators.

They noticed that many of the answers to their division questions contained a decimal.

One of these students told the rest of the group that that must be the remainder. This
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group also realized that if you have a very large answer it will not fit on the screen. One

student from this group told the experimenter that he liked to play with the calculator on

his watch during the free activity time that his class received at the end of the school

week.

Two students had their calculators turned upside down and they were using the

numbers to spell words. They were having a contest to find out who could spell a word

with the most letters in it. They had a piece of scrap paper in front of them, and they were

keeping score.

Although the investigations taking place during this time varied greatly, they were

all student-directed. When the forty-minute exploration time came to an end, many of the

students from the experimental group reported their findings to the investigator, and

asked questions concerning the various attributes and capabilities of the calculator. One

student noticed that there could only be eight numbers on the screen at one time, and he

wanted to know what happened if a question had a nine digit answer. Another student

wanted to know what the square root button was used for. After the experimenter

explained the concept to her, she proceeded to find the square root of several different

numbers. A third student realized that his calculator did not have an on/off switch or a

place to put batteries, and he wondered how the calculator worked.

Student Attitudes Toward Calculators

At the beginning of this study, the forty-six students in the experimental and

control groups wrote a journal entry concerning their feelings about calculators. They

were asked to write about whether they felt calculators were good or bad to use, and how
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calculators help people. Fourteen of the students involved in this study felt that

calculators were good to use. Overall, students who had a positive attitude toward the use

of calculators believed that they were useful for answering difficult mathematics

questions and also for checking work once it has been completed. Some of these students

also commented on the fact that calculators are used in some occupations, and that they

allow people to complete their work in less time. One student wrote that "you can use

them to find the right answer if you get the answer wrong," another student stated that

calculators are helpful because "they are very fast machines that teach you math," and a

third student commented that "they help you if you have a job in a store."

Twenty-one of these students believed that using calculators could be both good

and bad. Most of these students felt that calculators are good to use when the

mathematics questions are too difficult for the person attempting to answer them. Some

of these students also believed that at times it is necessary for people to use calculators

when they need the answer to a question quickly. One student stated that "parents need to

use them to add up bills," another said that "when you are frustrated you can use them as

a guide," and a third student commented that calculators are good to use because they

"are fast and don't make mistakes." These same students also believed that there were

times when calculators should not be used. Most of these students felt that using a

calculator to write a test or complete homework was cheating. Also, there was agreement

among most of these students that when people use a calculator, they are not using the

mathematics skills that they have learned in the classroom. One student commented that

when people use calculators they "don't get to practice their problem-solving skills" and
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another student stated that if you use a calculator "you start to forget the math that you

used to know."

Nine of the forty-six students involved in this study felt that calculators were bad

to use for solving mathematics problems. There was a general feeling among these nine

students that using a calculator was cheating and that if a person used a calculator they

were not learning. One student stated that "if you use a calculator you are not learning by

yourself and another student said that "if you use calculators to do your homework that

is cheating."

Before the numerical problem-solving unit started, both the experimental and

control group were also asked to write a journal entry explaining how calculators help

people. Twenty-five of the forty-six students believed that calculators helped students

with classroom mathematics. Some of these students mentioned using calculators to solve

difficult mathematics questions and others said that they were useful for checking their

work. There was no mention of how calculators might be used outside of a school setting

in any of these twenty-five journal entries.

Six students felt that calculators were useful for adult business and work. One

student wrote that "parents could use calculators to pay bills and add up money" and

another student said that "when you are a teacher you mark children's math and using a

calculator would be faster." When you work in a bookstore or something when people

pay they know how much they have to pay because you use a calculator."

Five students believed that calculators help people by allowing them to do

mathematics faster. There were examples of calculator use in the home, at school and at

places of business in these five journal entries. One student wrote that "we use
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calculators because we could do stuff faster such as doing taxes or counting money."

Another student stated that "people use calculators because they need to get an answer

quickly."

During the numerical problem-solving unit, the experimental group maintained a

positive attitude toward using calculators. These students looked forward to working on

their numerical problem-solving units, and each day they would ask the experimenter

when they were going to be able to use their calculators. On day twelve of the

experiment, one of the students told the experimenter that he was not going to use his

calculator because his mother told him that that was cheating. After some reassurance

from the experimenter, the student resumed the use of his calculator.

At the end of this study, the twenty-three students in the experimental group were

asked to write a journal entry concerning whether or not calculators helped them with

their numerical problem-solving unit. The twenty-three students in the control group were

asked to write a journal entry concerning whether or not calculators would have helped

them with their problem-solving unit. Eighteen of the twenty-three students in the

experimental group believed that using a calculator had helped them with their numerical

problem-solving unit. Most of these students mentioned being able to solve more difficult

questions than they would have been able to without the assistance of a calculator, and

others felt that the calculators were useful for checking their work when it was complete.

One student stated that "using a calculator helped with the tricky questions" and another

student wrote that she and her partner "did not have to fight over who is right and who is

wrong because you just type the numbers into the calculator and see who is right and who

is wrong."
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Although the control group did not use calculators, sixteen of the twenty-three

students in this group believed that calculators would have helped them with their work.

Their reasons were very similar to those in the experimental group. One student wrote "it

would help me with the difficult questions because you just type in the question and it

gives you the answer." Another student stated "if I used a calculator I would get the

questions that I got wrong right."

Four students from the experimental group felt that calculators did not help them

with the problem-solving unit. One student wrote that calculators did not help her

because "if you use a calculator you are not using your brain, you are not learning by

yourself." Another student stated that calculators did not help him because "using a

calculator was Uke cheating."

Five students from the control group believed that being able to use calculators

would not have helped them with their numerical problem-solving unit. Their

explanations were quite similar to those of the four students from the experimental group.

One student commented "one day I might need to solve a math question and not be able

to because I do not have a calculator," and another student said "I am not allowed to use a

calculator for my homework because it is cheating."

Student Beliefs and Opinions Concerning the Numerical Problem-Solving Unit

All students involved in this study wrote three journal entries in which they

outlined their beliefs and opinions concerning numerical problem-solving. The first entry

was before the start of the numerical problem-solving unit. In this entry, students stated

their definition of problem-solving and explained how they felt problem-solving helped
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people. The second entry was written during the unit. This time students reflected on

whether or not they enjoyed working with a partner. Upon completion of the unit, the

students wrote a third journal entry stating what they found to be easiest about numerical

problem-solving and what was most difficult. In this entry the students also outlined what

they liked best about this numerical problem-solving unit:

a) Student Definitions of Problem-Solving

Thirty of the forty-six students involved in this study stated that problem-solving

was mathematics. Most of these students mentioned that it was adding, subtracting,

multiplying, or dividing. One student stated that "problem solving is a way of learning

math and a way of adding up or subtracting." A second student commented that "problem

solving is a story with a question in it or how to solve a math question in words."

Seven of the students involved in this study had a more general definition of

problem-solving. These students believed that problem-solving was answering or solving

a problem, and their definitions were not restricted to mathematics. For instance, one

student said that "problem-solving is figuring out something or finding out things" and

another student stated that "problem-solving is when you fix a problem, like if you have a

fight with your friend."

Seven students did not answer the question directly. One of these students wrote

that problem-solving is fun and easy" and another student commented that problem-

solving was "good because it is learning." Although these students did not provide a

definition for problem-solving, they all agreed that it was something positive and fun.
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b) Student Beliefs Concerning How Calculators Help People

In this journal entry students were also asked to write about how problem-solving

helps people. Twenty of the forty-six students believed that problem-solving helped

people with mathematics. One student said that "problem-solving helps us learn math,

helping people add or subtract." Another student commented that "problem-solving helps

you add up money and solve math problems. It also helps you find things out like how

much things are." All twenty of these journal entries spoke only of how problem-solving

helps people with mathematics.

Ten students recognized that problem-solving helps people in their jobs. One

student stated that "problem solving helps us because when we're older and work in a

bank or being a cashier we have to know math or else we will lose our jobs. Problem-

solving is for anyone because any job might include math." A second student conmiented

that "problem solving helps us by helping us with our jobs with math. Jobs like being a

cashier, computerist, or a person who pumps gas."

Eleven students had more general definitions of how problem-solving could help

them. One student stated that "problem-solving helps us do things better like figuring out

questions." Another student said that "problem-solving helps us solve problems in our

life and in school." A third student commented that problem-solving helps people "cook,

count, and play."

c) Student Attitude toward Collaboration

In the second journal entry, thirty-six of the forty-six students involved in this

study said that they enjoyed working with a partner. Generally, these students spoke

about receiving assistance with the questions that they found to be difficult, helping their
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partner with those items that they felt to be difficult, and taking turns answering each

other's questions/One student stated "I like working with a partner because if I get

something wrong my partner can help me. Also, I like solving my partner's problems."

Another student wrote "I like working with people because we can check each other's

work."

Five students stated that they did not enjoy working with a partner. One student

said "I do not like working with a partner because they do not understand my questions

and I do not understand their questions." A second student stated "I do not like working

with partners because it takes too much time and it's too hard." A third student wrote "I

don't want to work with partners because they take your answers and give you their

answers."

d) Student Opinion Concerning the Easiest Aspect of Problem-Solving

Upon completion of the numerical problem-solving unit, both the experimental

and control groups were also asked to reflect upon the lessons that they found to be

easiest and most difficult. Twenty-six students of forty-six students said that they found

the easiest questions to be those that involved adding only. Many of these students also

stated that the questions involving only one addition step were easier that those with more

than one step. One student commented that "the easiest questions were the ones that you

just had to do one thing and it was adding because adding is easiest. Also it's easier to do

one step." Another student wrote that "the easiest type of question was addition because

it's easier to add than to subtract." A third student stated that "the easiest step is Chung

has 7 crayons and his sister has 9 crayons. I liked this kind because it was easy."
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Nine students felt that drawing a picture of the problem was the easiest step in the

numerical problem-solving process. These students enjoy drawing and felt that it made

mathematics more fun. One student said "the easiest type of question were the problems

where we drew pictures. I liked it because I like to draw." A second student stated that

"the easiest type of question was the drawing a picture because you just need to draw and

don't have to write." A third student wrote "drawing was the easiest because I got them

all right."

Five students thought that calculating the solution to the problem was the easiest

of the problem-solving step. These students all claimed that solving the problem was the

easiest step for them because they are good at adding and subtracting. One student from

the experimental group wrote that "the easiest type was solve the problem/print a

sentence answer. It was the easiest because there is only add/subtract/times and print a

sentence. Also you have a calculator to help you."

e) Student Opinion Concerning the Most Difficult Aspect of Problem-Solving

Students from the control and experimental groups were also asked to reflect on

the numerical problem-solving step that they found to be most difficult. Twelve students

felt that the questions involving both addition and subtraction were the most challenging.

It was interesting to note that the students from the experimental group found this to be

the most difficult step because they became confused by the actual written questions,

while the students in the control group wrote about their difficulties adding and

subtracting so many numbers. A student from the experimental group commented that

"the hardest question was both adding and subtracting because they involved way more

thinking to figure out what to do." A student from the control group reflected that "the
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hardest type of question was the ones where you had to add and subtract a couple of

times because there were so many numbers and it was hard to add and subtract."

Nine of the forty-six students beheved that the subtraction questions were the

most difficult. Seven of these nine students were members of the control group. These

students were in agreement that this type of question was most difficult because they find

subtraction much harder than addition. One student from the control group said "the most

difficult questions were 1 179- 114= because take-away is hard for me especially big

numbers." A student from the experimental group wrote "the most difficult part was

when I had to use a decimal point and it was subtracting because the calculator always

gets mixed up."

Eight students felt that calculating the solution to the problems was the most

difficult step. The four students from the control group wrote about the harder addition

and subtraction questions. One student from the control group said "the most difficult

paper was when I did the one called Frank's Fast Foods. I thought it was hard because I

got three wrong." Some of the students in the experimental group found this step more

difficult for other reasons. One student from the experimental group commented "my

most difficult math question is solving problems because if I don't read carefully I will

get it wrong."

Six students felt that the most difficult problem-solving step was trying to make a

reasonable estimate. Five students simply stated that this was the most difficult step

because they just were not good at estimating. However, one student from the control

group stated "the most difficult question was when you had to make a reasonable

estimate because you have to guess and I don't like to guess."
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f) Student Opinion Concerning the Most Enjoyable Aspect of Problem-Solving

At the end of this unit, the students chose the part of the problem-solving process

that they liked best and wrote about it in their journals. Ten students said that they liked

working with a partner the best. These students enjoyed answering the questions that their

partners had written and sharing their answers. One student wrote "the funnest part of

problem-solving was that you got to work with a partner because you got to answer each

other's questions." Another student said "I liked going with partners because sharing

ideas gives you more information."

Seven students stated that their favourite step in the numerical problem-solving

unit was writing their own word problems. All of these students said that they enjoyed

being able to use their own ideas to create questions. One student commented "the best

part of problem-solving was when we got to make our own problem. I liked it because it

was fun to create a problem." A second student wrote "the best thing about problem-

solving is making the problem because you can write whatever you want."

Six students wrote that the best part of this unit was calculating the solutions to

the problems. All of these students agreed that they liked to solve mathematics problems

because it increased their math skills. One student stated "I liked solving the problems the

best because it makes me learn more math." Another student said "the best part is solving

the problems because your head is learning."

Seven students wrote that they enjoyed the addition questions the most. Six of

these students were from the control group and they all liked to add because they found it

easier than the other types of questions. One student from the control group wrote

"adding is what I like about problem-solving. I like it because it is easy and fun." A
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second student from the control group said "the best thing about problem-solving is plus

because it's easy and even easy to add high numbers."

Although the use of a calculator was not one of the outlined problem-solving

steps in this unit, six students from the experimental group felt that using calculators was

the best part of the problem-solving process. One student commented "I liked the

calculator best because it's easier." A second student wrote "using a calculator was much

easier. It was easier because you didn't have to add or subtract. I liked using a calculator

best because it is much easier." A third student said "I like to use a calculator because it's

fun to press the buttons and find the answer."

Student Performance on the Posttest

Five students from the experimental group and five students from the control

group received their computational posttest in the form of a taped interview. These

interviews were transcribed and the experimenter noted patterns in the abihties of the

students to restate the numerical problem-solving questions in their own words, choose

the operation(s) that they would need to perform, provide a reasonable estimate, and

calculate the answers to the problems.

The experimenter found that students from the control group restated the

questions in general terms, while students from the experimental group provided more

detail concerning what problem the question was asking them to solve. For example,

question three on the posttest stated: "There are 14 pencils on the teacher's desk. 8

students borrow pencils. 5 students return the pencils. How many pencils are on the

teacher's desk now?" One student from the control group stated "this question is asking
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me to find out how many pencils are on the teacher's desk," and another student from the

control group said "it's asking me to find out how many pencils the teacher has." Some

students from the experimental group included more detail in their explanations. For

instance, one student commented "the question is asking me to find out how many

pencils are there after 8 students borrowed and 5 students returned," and another student

reported that the question was asking them to discern "how many pencils are on the

teacher's desk after the students borrowed 8 and 5 were returned." Also, one student from

the control group was not able to verbalize the questions in his own words. This student

stated that question three was asking him to figure out "how many students brought the

pencils back." All five students from the experimental group were able to restate the

questions, using their own words, with no problems.

Generally, students from both the experimental and control groups were able to

verbalize the operations that they would need to perform in order to solve the questions

presented to them. One student from the control group chose an incorrect operation for

two items, and one student from the experimental group chose an incorrect operation for

one item. Once again, question three stated "There are 14 pencils on the teacher's desk. 8

students borrow pencils. 5 students return the pencils. How many pencils are on the

teacher's desk now?" When asked "what operation will you need to perform?", a student

from the control group stated "I will have to perform minus." Question number five

stated "last month the cycle shop sold 187 bicycles. The month before they sold 98. How

many more did they sell last month?" When asked what operation they would need to

perform, the same student replied "I will have to add." One student from the experimental

group also stated that this question required addition.
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During the interviews, once the students chose the appropriate operation to

perform, they were asked to give a reasonable estimated answer for the problem. Students

from both the control and experimental groups experienced difficulties with estimation.

Also, students did not realize the implications of an estimated answer that was far

removed from their actual calculated answer. For the control group, this often ended in an

incorrect answer. However, with the aid of the calculator, the final answers given by the

experimental group were not adversely affected by the inability of these students to

estimate accurately.

For the ten randomly selected students that received their posttests in the form of

a taped interview, a significant difference was found with respect to the number of errors

made by the control and experimental groups. In total, there were nine errors made by the

control group, while the experimental group had a total of one incorrect answer. Eight of

the nine errors made by the control group were errors in computation, and one error was

the result of an improper choice of operation. The error made by the student in the

experimental group was the result of an improper choice of operation.





CHAPTER FIVE: SUMMARY, CONCLUSIONS, AND IMPLICATIONS

Summary

The purpose of this experiment was to determine the effect of using calculators

for numerical problem-solving in the primary classroom. The impact of calculator use on

skills in numerical problem-solving and attitude toward mathematics in general were

explored. The qualitative data consisted of daily anecdotal observations, mathematics

journal entries completed by the students, and transcribed interviews. The constant

comparative method was used to analyze the qualitative data. The pretest-posttest control

group design was used for this study. Analysis of the quantitative data included

descriptive statistics, and t tests.

Conclusions

The two principal research questions to be explored in this investigation included:

1

.

Do calculators affect the attitudes of primary children toward mathematics?

2. What effect do calculators have on the numerical problem-solving skills of

primary students?

The following is a discussion of the findings of this study. Information from the

review of literature will be used to support the conclusions of this study or demonstrate a

departure from or extension of theoretical understandings.

The Effect of Calculators on the Computation Skills of Primary Students

Hembree and Dessart (1986) drew a number of conclusions based on the results

of their meta-analysis. One of these conclusions was that calculators increase
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performance on tests in computation. These researchers further commented that this

finding apphes to all grades and abihty levels. Wheatley (1980) found that the calculator

group involved in her study had a success rate 2 Vi times that of the non-calculators group

on the five item numerical problem-solving posttest. Shumway et al. (1981), Shuard

(1992), and Stacey and Groves (1994) also found significant increases in computational

abilities when primary students used calculators.

The change in the computational test scores between the control and experimental

group in this study was not statistically significant. However, the researcher noted that

the participants within the experimental group were more successful in the taped

interviews than those students from the control group. The five students from the

experimental group had a total of one incorrect answer, while the five students from the

control group had incorrect responses on nine items. Further research in this area would

be necessary in order to determine the reason for performance differences in the taped

interviews. Also, as a whole, students from both the experimental and control groups

improved their computational skills after the implementation of the numerical problem-

solving unit. The researcher noted that a larger sample size, and longer treatment period

may have yielded statistically significant changes in computational skills.

The qualitative data in this study suggests that students feel that calculators do

improve computational skills, and this was reflected in their journal entries. Eighteen of

the twenty-three students in the experimental group stated that the calculator helped them

to solve more difficult questions than they would have been able to solve using standard

paper-and-pencil algorithms.
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Even though the control group did not use calculators for this problem-solving

unit, sixteen of the twenty-three students in this group thought that calculators would

have helped them to improve their numerical problem-solving accuracy. Like the

experimental group, the control group wrote that calculators would have helped them to

answer the more difficult questions correctly.

Student Confidence with Respect to Numerical Problem-Solving

Both Wheatley (1980) and Shuard (1992) stated that at the end of their

experiments there was an increase in children's confidence levels when solving

mathematical problems using a calculator. In this study, the experimenter also noted a

higher confidence level in the experimental group with regard to their ability to calculate

answers correctly. Evidence of this difference in the confidence levels of the

experimental and control groups was reflected in journal entries and in the transcribed

posttest interviews.

A great number of students from the control group felt that solving the more

challenging addition and subtraction problems was the most difficult step in the

numerical problem-solving process. Many of these students wrote about how they

struggled when asked to add so many large numbers. Fewer students from the

experimental group chose the calculations as the hardest part of numerical problem-

solving. Also, those who did often wrote that this was the most difficult aspect of

problem-solving, because if they did not read the question properly they would not get

the right answer. These journal entries support the argument that the students in the
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experimental group were more confident when calculating answers to the numerical

problems presented to them.

The experimenter also noticed that students from the experimental group who

received their posttest in the form of a taped interview appeared to be more confident

than those from the control group when answering the numerical problems presented to

them. The students from the experimental group were able to restate what each question

was asking them to find out in greater detail than those from the control group. Students

from the experimental group were also more relaxed and able to answer the questions

presented to them with greater speed and accuracy. In fact, the five students from the

experimental group who received their posttest in the form of a taped interview had a

total of one incorrect answer, while the five students from the control group had a total of

nine incorrect answers. It is also interesting to note that the incorrect answer made by the

experimental group was the result of an improper choice of operation rather than a

miscalculation, while eight of the nine errors made by the control group were a result of

miscalculation. Information contained in the journal entries and transcribed interviews

from this study support the claim that the use of calculators increases the confidence level

of students with respect to their ability to calculate.

The Effect of Calculators on the Attitudes of Primarv Students toward Mathematics

Hembree and Dessart (1986) stated that when students use calculators, they have

a better self-concept in mathematics and a better attitude toward mathematics in general.

There is evidence to support this theory in both the quantitative and qualitative data of

this study. The results of the t test that noted changes in the attitude scores between the
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control and experimental group yielded a statistically significant mean difference

between the pre and post attitude test (p<.05). This quantitative evidence supports

Hembree and Dessart's claim that students have a better attitude toward mathematics

when they use a calculator.

There is also strong qualitative evidence to support the idea that calculators

improve the attitudes of primary students toward mathematics. During the numerical

problem-solving unit, the experimental group was very excited that they were using

calculators to solve problems. Each day they would ask the experimenter when they were

going to be able to use their calculators, and often they cheered when the time had come

to work on their problem-solving unit. Many of these students in the experimental group

referred to this as "the calculator unit" rather than the numerical problem-solving unit.

Also, six students from the experimental group stated that using calculators was the most

enjoyable step in the problem-solving process even though calculator use was not one of

the outlined steps in the numerical problem-solving process.

Conversely, the students in the control group were discouraged when they

realized that their grade 3 neighbours were using calculators to solve their mathematics

problems. The experimenter ensured the students in the control group that they would be

able to use calculators at the end of the project on numerical problem-solving. During the

duration of the numerical problem-solving unit, students from the control group would

often ask the experimenter when it was going to be their turn to use calculators.

Wheatley and Shumway (1992) stated that the importance of paper-and-pencil

algorithms should not be assumed. They called into question the importance of being able

to perform lengthy algorithms when a calculator can complete the same task in seconds.
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Groves (1998) stated that being able to solve numerical algorithms was once an important

skill for many jobs. However, she feels that this is no longer the case now that machines,

such as cash registers, have calculating devices built into them.

These feelings concerning the positive uses and qualities of calculators are present

in the journal entries of both the experimental and control groups. Thirty-five of the

forty-six students involved in this study felt that calculators had positive qualities. Some

of these students stated that calculators allowed them to solve difficult mathematics

problems, while others felt that calculators were useful for checking their answers once

their work was completed. Many students mentioned that calculators are used in many

occupations, and some said that they are very fast and allow people to finish their work in

less time. A positive attitude toward the use of calculators was reflected in a majority of

student journals in both the experimental and control groups.

Bracey (1997), Marion (1998), and Usiskin (1998) believe that paper-and-pencil

algorithms are valuable mnemonic devices that have universal applications. They also

feel that numeric algorithms are more useful for solving open-ended mathematics

problems, because they provide written explanation of the process that was followed in

order to reach the end result. Brandt (1998) agrees with these researchers, and he feels

that the general public believe that basic skills, including arithmetic algorithms, must be

the basis of all mathematics programs. Brandt asserted that it is for this very reason that

the majority of the general public are skeptical concerning the use of calculators in

primary mathematics.

This sentiment was echoed in the journal entries of the nine students who felt that

it was not good to use a calculator to solve number problems. Some of these students said
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that if people use calculators in mathematics they are not learning, and others asserted

that using a calculator in mathematics was cheating. On day twelve of the experiment,

one of the students in the experimental group was not using his calculator. When the

experimenter asked this student why he was not using his calculator, he said that his

mother told him that using a calculator in mathematics was cheating. Even though the

majority of students involved in this study had a positive attitude toward the use of

calculators in mathematics, it is clear that negative feelings held by the general

population are influencing the attitudes of some primary students toward the use of

calculators in the classroom.

Implications for Practice

The results of this study support the use of calculators in the primary classroom.

Like previous studies completed by Hembree and Dessart (1986), and Shumway et al.,

the current study illustrates that calculators significantly improve the attitudes of grade 3

students toward mathematics.

Despite the evidence that calculators have a positive effect on the attitudes of

primary students toward mathematics, much care must be taken when implementing these

computational tools into the classroom. Educators must be aware that the NCTM and the

general public do not share common views concerning the use of calculators in the

primary classroom. As previously stated, the NCTM believes that calculators aid

algorithm instruction, facilitate concept development, reduce demand for memorization,

enlarge the scope of problem-solving, provide motivation, and encourage discovery,

exploration, and creativity (Hembree and Dessart, 1986). On the other hand, according to
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Brandt (1998), much of the general public are of the opinion that the use of calculators in

the primary classroom will lead to a demise in the paper-and-pencil skills that they feel

are the basis of all strong mathematics programs.

It must also be remembered that the general public is not the only group that

remain guarded concerning the implementation of calculators into the classroom. Many

researchers including Marion (1998), Usiskin (1998), and Bracey (1997) are in support of

the continued use of the numerical algorithm within mathematics curricula. These

researchers view numeric algorithms as rote strategies with universal applications. Also,

these researchers state that the paper-and-pencil algorithm allows the educator to trace the

steps that the student followed in order to solve the problem, while the calculator simply

announces an answer. Due to the fact that some skepticism remains concerning the

implementation of calculators into primary classrooms, the implementation process

should be gradual. Also, there should be a balance between the use of the calculator and

the use of the numerical algorithm within all mathematics programs. Steps previously

sighted by Lehmen (1994) would be beneficial in the implementation of calculators into

the primary classroom. The steps include:

1. Teachers must be provided with in-depth workshops concerning effective uses

of technology in the classroom.

2. Preservice teachers must be taught to incorporate technology into lessons

whenever appropriate.

3. More research is necessary to further study cases of successful integration of

technology into the elementary school classroom.
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Along with the steps outUned by Lehmen (1994), it will also be essential to

provide the school community with information concerning the various ways that

calculators are being used within the classroom, and the benefits attained by using

calculators. Also, parents of students will need to be reassured that their children are

continuing to use both mental and paper-and-pencil mathematics skills. There must be a

balance between the use of technology and paper-and-pencil solutions if educators hope

gain the support of the general public with respect to the inclusion of calculators in

primary mathematics curricula.

Implications for Further Research

As previously articulated, with the introduction of handheld electronic calculators

came much debate considering their possible use in school mathematics. Yet, no recent

Canadian studies exist concerning the use of calculators for numerical problem-solving at

the primary level. Also, few studies combine qualitative and quantitative research or

performance assessment and attitude measurement of students.

An experimental study with a larger sample size, carried over a longer period of

time, would provide more exacting information concerning the benefits of implementing

calculators into primary mathematics programs. The sample used in this study was a

small sample of convenience, and the treatment period was six weeks. Although

improvements in the attitude of students from the experimental group were quite

significant, a longer treatment period may impact more on the effect that calculators have

on the computational skills of primary students.
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It may also be of interest to study the effect that gender and levels of ability have

on the use of calculators in the primary classroom. Is there a difference in the impact that

the use of calculators have on the attitudes and skills of girls versus boys? Do children

with learning disabilities benefit from the use of calculators to a greater or lesser degree

than other students? Both of these questions warrant further research.

Finally, more research should be conducted concerning which aspects of

mathematics are most conducive to the use of the calculator. Many of the researchers

cited in this study mentioned posttest items in which the experimental group did not

perform as well as the control group. However, no explanations were provided

concerning possible reasons why the calculator group may not have been as successful in

these items as the control group. Further investigation into these items would prove most

beneficial for educators, so that they would be able to recognize when calculators should

be utilized and when a paper-and-pencil or mental calculation would be more

appropriate.





A 63

REFERENCES

Australian Association of Mathematics Teachers. (1996). Statement on the use of

calculators and computers for mathematics in Austrahan schools 1996. Adelaide,

Australia: Author. (ERIC Document Reproduction Service No. ED 399 156)

Bracey, G. W. (1998). Calculations about calculators; Attrition from a school of choice.

Phi Delta Kappan, 79(6), 473-474.

Brandt. R. (1998). Listen first. Educational Leadership, 55 (8), 25-30.

Bright, G.W. (1994). Calculator inservice for mathematics teachers. In G. W. Bright,

Waxman, & S. E. Williams (Eds.), Impact of calculators on mathematics

instruction (pp. 27-39). Maryland: University Press of America.

Bright, G. W., Waxman, H. C, & WilHams S. E. (1992). Multiple perspectives on the

impact of calculators on the mathematics curriculum. In G. W. Bright, H. C.

Waxman, & S. E. Williams (Eds.), Impact of calculators on mathematics

instruction (pp. 1-5). Maryland: University Press of America.

Bruck, K. S. (1995). What works in math. Learning, 23 (4), 63-69.

Carroll, W. M. (1998). Alternative algorithms for whole-number operations. In M. J.

Kenney, & L. J. Morrow (Eds.), 1998 vearbook of the National Council of

Teachers of Mathematics (pp. 106-114). Virginia: National Council of Teachers

of Mathematics, Inc.





64

Groves, S. (1994, April). Calculators: A learning environment to promote number sense.

Paper presented at the meeting of the American Educational Research

Association, New Orleans. (ERIC Document Reproduction Service No. ED 373

969).

Groves, S., & Stacey, K. (1998). Calculators in primary mathematics exploring number

before teaching algorithms. In M. J. Kenney, & L. J. Morrow (Eds.), 1998

Yearbook of the National Council of Teachers of Mathematics (pp. 120-129).

Virginia: National Council of Teachers of Mathematics, Inc.

Hembree, R., & Dessart, J. (1986). Effects of hand-held calculators in precollege

mathematics education: A meta-analysis. Journal for Research in Mathematics

Education, 17(2), 83-99.

Hopkins, M. H. (1992). The use of calculators in the assessment of mathematics

achievement. In J. T. Fey, & C. R. Hirsch (Eds.), 1992 Yearbook of the National

Council of Teachers of Mathematics (pp. 158-166). Virginia: National Council of

Teachers of Mathematics, Inc.

Lehman, J. R. (1994). Technology use in the teaching of mathematics and science in

elementary schools. School Science and Mathematics, 94(4), 194-202.

Mercer, J. (1992). What is left to teach if students can use calculators? The Mathematics

Teacher, 85 (6), 415-417.

Morrow, L. J. (1998). Whither algorithms? Mathematics educators express their views. In

M. J. Kenney, & L. J. Morrow (Eds.), 1998 Yearbook of the National Council of

Teachers of Mathematics (pp. 1-6). Virginia: National Council of Teachers of

Mathematics, Inc.





65

Polya, G. (1945). How to solve it. Princeton: Princeton University Press.

Romberg, T. A. (1994). Assessment & technology. In G. W. Bright, H. C. Waxman, & S.

E. WilUams (Eds.), Impact of calculators on mathematics instruction (pp. 7-25).

Maryland: University Press of America.

Shuard, H. (1992). CAN: Calculator use in the primary grades in England and Whales. In

J. T. Fey, & C. R. Hirsch (Eds.), 1992 yearbook of the National Council of

Teachers of Mathematics (pp. 33-45). Virginia: National Council of Teachers of

Mathematics, Inc.

Shumway, R. J., Wheatley, G. H., Cobum T. G., White, A. L., Reys, R. E., & Schoen, H.

L. (1981). Initial effect of calculators in elementary school mathematics

instruction. Journal for Research in Elementary School Mathematics, 12(2), 119-

141.

Stacey, K. (1994, April). Calculators in primary mathematics. Paper Presented at the

Research Presession of the 12^^ Annual Meeting of the National Council of

Teachers of Mathematics, Indianapolis. (ERIC Document Reproduction Service

No. ED 373 963).

Sugarman, I. (1992). A construedvist approach to developing early calculating abilities.

In J. T. Fey, & C. R. Hirsch (Eds.), 1992 Yearbook of the National Council of

Teachers of Mathematics (pp. 46-55). Virginia: National Council of Teachers of

Mathematics, Inc.





66

Usiskin, Z. (1998). Paper-and-pencil algorithms in a calculator-and-computer age. In M.

J. Kenny, & L. J. Morrow (Eds.), 1998 Yearbook of the National Council of

Teachers of Mathematics (pp. 7-20). Virginia: National Council of Teachers of

Mathematics, Inc.

Waxman, H. C, WilHams, S. E., & Bright G. W. (1994). Future directions for the study

of calculators in mathematics classrooms. In G. W. Bright, H. C. Waxman, & S.

E. Williams (Eds.), Impact of calculators on mathematics instruction (pp. 131-

138). Maryland: University Press of America.

Wheatley, C. (1980). Calculator use and problem-solving performance. Journal for

Research in Mathematics Education, 11, 323-334.

Wheatley, G. H., & Shumway R. (1992). The potential for calculators to transform

elementary school mathematics. In J. T. Fey, & C. R. Hirsch (Eds.), 1992

Yearbook of the National Council of Teachers of Mathematics (pp. 1-8). Virginia:

National Council of Teachers of Mathematics, Inc.

Wilson, K. (1991). Calculators and word problems in the primary grades. Arithmetic

Teacher,38, (9), 12-14.





.^"
67

APPENDIX A

Student Mathematics Attitude Survey

Listen to the instructor read each statement. If you agree with the statement, circle the

happy face. If you sometimes agree, circle the indifferent face, and if you do not agree

with the statement, circle the sad face.

I enjoy doing math, v©̂ © @

I learn math easily. © ©

I like games that use math \::^ \ ' ^O'

I like doing math homework, ^^i^ ^ ^ ^^^^

I have more trouble with math than with other subjects.© © ©

Using a calculator makes it easier to solve math problems.

I am able to solve math problems without help. ^^^^ ^ ^ ^ ^

S^J \r-J \r\

I get frustrated easily while doing math. V^
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I can do math in my head easily. cCJ C—; \r^j

I think math is fun. >^

I would like a job that lets me use math. >^

Math is useful for solving everyday problems. >^^ v3^ >Cy

Using a calculator to solve math problems is fun. \:^ V^' ^O'

Math is my favourite subject. >^:^ \Iy ^O^

I like to do extra work in math when I have time >^^ K^ >0'

I always complete my math assignments. © ©

When doing math I skip the hard problems.

• • A f • •
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APPENDIX B

Student Interview Checklist

Understanding Comments

Rereads problem

Restates problem in own words

Separates parts of the conditions

Performs exploratory manipulation

Draws a diagram

Recall

Recalls a related problem

Uses method of related problem

Production

Reasons deductively

Misinterprets problem

Selects solution on irrelevant basis

Has bright idea

Guesses

Estimates

Uses unexpressed equations

Evaluation

Retraces steps

Uses another method

Questions reasonableness

Comments about Solution

Questions necessity of information

Expresses uncertainty about final solution

Says he/she doesn't know how to solve problem

Says the problem is difficult

Computational Error

Arithmetic Operation
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APPENDIX C

Problem-Solving Pretest

1. Andrew has 11 crayons.

His sister has 7 crayons.

How many crayons do they have altogether?

2. There are 15 balloons.

4 balloons are red.

The rest are blue.

How many more blue balloons than red balloons are there?

Mrs. Jones picks up 17 children at the bus stop.

4 get off at Elm Street.

5 get off at Lake Street.

3 get on at Welland Avenue.

How many children are on the bus now?

4. Jill planted 72 yellow roses.

Kim planted 89 red roses.

How many roses were planted?

5. Mr. Smith baked 87 cookies.

The children ate 29 of them.

How many cookies are left?

6. Park School has 787 old math books.

It also has 543 new math books.

How many math books are there in all?
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APPENDIX D

Problem-Solving Posttest

1. Kelly has 7 shiny buttons.

She found 9 more.

How many buttons does she have now?

2. Jacob had 19 hockey cards.

He gave 1 1 to his friend.

How many hockey cards does he have now?

3. There are 14 pencils on the teacher's desk.

8 students borrow pencils.

5 students return the pencils.

How many pencils are on the teacher's desk now?

4. Arms have 64 bones.

Legs have 62 bones.

How many bones are there in both arms and legs?

5. Last month the cycle shop sold 187 bicycles.

The month before they sold 98.

How many more did they sell last month?

6. Lynne collected 278 cards.

Mark collected 389 cards.

Heather collected 399 cards.

How many cards are there in all?
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APPENDIX E

SILVER PINES PUBLIC
SCHOOL

Principal. N. Luks B.A., M.Ed. Vice-Principal: P. Szigeti BA., M.Sc.Ed.

BROCK UNIVERSITY

DEPARTMENT OF EDUCATION

INFORMED CONSENT FORM

Title of Study: "The Effect of Calculators on Primary Numerical Problem-Solving"

Researchers: Professor Joseph Engemann and Researcher Jennifer McDowell

Name of Participant: (Please print)

I understand that this study in which I have allowed my child to participate will involve

my child taking part in a 6-week numerical problem-solving unit. During this unit,

students will learn the steps necessary in order to complete a mathematical word problem

successfully. The effect that calculators have on a child's ability to solve such numerical

problems will also be studied. I know that my child will receive a pretest on

problem-solving skills before this unit, and a posttest upon completion of this unit. I

understand that my child will also complete an attitude toward mathematics survey before

and after this problem-solving unit I also know that my child may be one of ten students

randomly chosen to receive his/her posttest in the form of a taped interview. I understand

that my child may be in the group that will use calculators in this problem-solving unit, or

my child may be in the group that will not use calculators for the duration of this unit. I

know that the use of calculators is a part of the grade three curriculum for Ontario, and all

grade 3 students in these two classrooms will be using calculators this school year.

I understand that my child's participation in this study is voluntary and that I may
withdraw from the study at any time and for any reason without penalty.

I understand that there is no obligation for my child to answer any question/ participate in

any aspect of this project that I consider invasive.
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I understand that all personal data will be kept strictly confidential and that all

information will be coded so that my child's name is not associated with my child's

answers. I understand that only the researchers named above will have access to the data.

Parent's Signature Date

If you have any questions or concerns about your child's participation in the study, you

can contact Jennifer McDowell at (905) 853-6630 or Professor Engemann at (905)

688-5550, extension 3943.

Feedback about the use of the data collected will be available during the month of May 2000, in

the Silver Pines Public School office. Also, a generalized report will be sent to the homes of the

students involved in this study. This report will outline the results of the study.

Thank you for your help! Please take one copy of this form with you for future reference.

I have fully explained the procedures of this study to the above volunteer, and his/her parent(s).

Researcher Signature Date

December, 1997





74

r

APPENDIX F

PROBLEM-SOLVING STEPS

1

.

Read the problem carefully.

2. Write down information needed for solving the problem.

3. Try to make a reasonable estimate.

4. Draw a picture of the problem.

5. Solve the problem.

6. Write a mathematical sentence that includes the answer.

7. Check your work.

THINK— PLAN— DO— LOOK BACK

Problem-Solving Strategies

*Act it out

*Guess and Test

*Make a Mode/Draw a Diagram

*Look for a Pattern
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READ THE PROBLEM CAREFULLY

Read each story problem. Print a sentence that tells what the problem is

asking you to do. Compare ideas with a partner.

1. Your two ankles have 14 bones. There are 38 bones in your feet.

How many bones are there in your ankles and feet?

2. Your wrists have 16 bones. Your hands have 22 more.

How many bones are there in your hands?

3. Your skull has 29 bones. It is attached to 26 bones in your spine.

How many bones are there in both your skull and your spine?

4. Arms have 64 bones. Legs have 62 bones.

How many bones are there in your arms and legs?

5. Inside each ear there are 6 tiny bones.

The rest of your face has 14 bones.

How many bones are their in your face and ears?

6. Make up your own word problem about bones.
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READ THE PROBLEM CAREFULLY

Read each story problem. Print a sentence that tells what the problem is

asking you to do. Compare ideas with a partner.

1. At the fair, cotton candy costs $1.00. Paul give the cashier $5.00.

How much change will he get?

2. Anthony's grandmother is 62 years old. His mother is 34 years old.

How much older is Anthony's grandmother?

3. Ruth is 142 cm tall. Her brother is 168 cm tall.

How tall are they altogether?

4. There are 158 students at the baseball game.

It starts to rain and 49 students leave.

How many students are at the game now?

5. Make up your won word problem. Have a partner print a sentence

that tells what your word problem is asking them to do.
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WRITE DOWN THE INFORMATION NEEDED TO SOLVE
THE PROBLEM

Read each problem carefully. Write down only the information needed to

solve the problem. What operation would you have to perform in order to

solve the problem? Compare ideas with a partner.

1. Yorkdale School has 345 girls and 342 boys.

There are 27 teachers at this school.

What is the total of students at this school?

2. Kim delivers newspapers 5 times each week.

Last week she delivered 37 newspapers.

This week she delivered 52 newspapers.

How many more newspapers did she deliver this week?

3. Joseph's garden has 46 roses, 37 daffodils, 24 irises, 61 snapdragons

and 12 sunflowers. Half of the irises and sunflowers died. How many
roses and daffodils are there altogether?

4. The Daily News is delivered to 556 people. Yesterday there were 45

pages in the paper. Today there are 25 pages. How many more

pages were there last week?

5. Write your own word problem. Include extra information.
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WRITE DOWN THE INFORMATION NEEDED TO SOLVE THE
PROBLEM

Read each problem carefully. Write down only the information needed to

solve the problem. What operation would you have to perform in order to

solve the problem? Compare answers with a friend.

1 . There are 37 soccer balls in the supply room.

There are 25 baseballs, and 43 basketballs.

How many more basketballs than soccer balls are there?

2. George invited 21 children to his birthday party.

2 children were not able to come. George was turning 8 years old.

How many children were at the party?

3. A school bus holds 48 children. The driver picks up 8 children at

Front Street. She drops off 1 child at Center Street. She picks up

1 1 children at Flower Street. How many children are on the bus

now?

4. A math textbook has 117 pages. There are 32 math textbooks.

A French textbook has 73 pages. What is the total number of

pages in the math and French textbooks?

5. Print your own word problem. Include extra information.
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WRITE DOWN THE INFORMATION NEEDED TO SOLVE THE
PROBLEM

Read each problem carefully. Write down only the information needed to

solve the problem. What operation would you have to perform in order to

solve the problem? Compare ideas with a friend.

1 . Yorkdale School has 345 girls and 342 boys.

There are 27 teachers at this school.

What is the total of students at this school?

2. Kim delivers newspapers 5 times each week.

Last week she delivered 37 newspapers.

This week she delivered 52 newspapers.

How many more newspapers did she deliver this week?

3. Joseph's garden has 46 roses, 37 daffodils, 24 irises, 61

snapdragons and 12 sunflowers. Half of the irises and

sunflowers died. How many roses and daffodils are there

altogether?

4. The Daily News is delivered to 556 people. Yesterday there were 45

pages in the paper. Today there are 25 pages. How many more

pages were there last week?

5. Write your own word problem. Include extra information.
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WRITE DOWN THE INFORMATION NEEDED TO SOLVE
THE PROBLEM

Read each problem carefully. Write down only the information needed to

solve the problem. What operation would you have to perform in order to

solve the problem? Compare ideas with a friend.

1 . There are 37 soccer balls in the supply room.

There are 25 baseballs and 43 basketballs.

How many more basketballs than soccer balls are there?

2. George invited 21 children to his birthday party.

2 children were not able to come. George was turning 8 years old.

How many children were at the party?

3. A school bus holds 48 children. The driver picks up 8 children at

Front Street. She drops off 1 child at Center Street. She picks up 1

1

children at Flower Street. How many children are on the bus now?

4. A math textbook has 117 pages. There are 32 math textbooks.

A French textbook has 73 pages. What is the total number of

pages in the math and French textbooks?

5. Print your own word problem. Include extra information.
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TRY TO MAKE A REASONABLE ESTIMATE

Read each problem. Estimate what you think the answer will be. Explain

how you chose this estimate. Compare ideas with a friend.

1. Jill planted 103 yellow tulips. Kim planted 102 yellow daffodils.

How many yellow flowers were planted?

2. Joe had 69 marbles. He lost 11.

How many marbles does he have now?

3. Last month the cycle shop sold 64 bicycles.

This month they sold 58.

How many more did they sell last month?

4. 199 children went on a field trip. 48 of them brought a lunch.

How many did not bring a lunch?

5. Mr. Lee planted 51 bushes. The next day he planted 39 bushes.

How many bushes did he plant altogether?

6. Make your own estimation question and share it with a friend.
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TRY TO MAKE A REASONABLE ESTIMATE

Read each problem carefully. Estimate what you think the answer will be.

Explain how you chose this estimate. Compare ideas with a friend.

1. Janet collected 598 stickers. Joe collected 403 stickers.

Estimate how many stickers they collected altogether.

2. Sasha collected 401 stickers. She gave 296 to her sister.

Estimate how many stickers Sasha has left.

3. There are 597 students at Central School.

There are 708 students at Parkside School.

Estimate how many students attend these two schools.

4. There were 999 jellybeans in the jar.

The jar tipped over and 308 jellybeans fell out.

Estimate how many jellybeans are in the jar now.

5. At the parade, 208 floats are pulled by tractors.

99 floats are pulled by motorcycles.

Estimate how many more floats are pulled by tractors.

6. Make up your own estimation word problem.
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DRAW A PICTURE OF THE PROBLEM

Read each problem. Draw a picture about the problem. Share your ideas

with your partner.

1. There are 17 red balloons. There are 11 yellow balloons.

How many balloons are there altogether?

2. A hamburger costs $2.00. French fries cost $1.00. Pop is $.075.

What is the cost of 5 hamburgers, 3 fries and 4 pops?

3. At the circus, the merry-go-round is 2 tickets. The ferris wheel is 3

tickets. The roller coaster is 5 tickets. How many tickets are needed

to ride the merry-go-round twice, the ferris wheel once and the

roller coaster twice?

4. Make up your own word problem and illustrations.
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DRAW A PICTURE OF THE PROBLEM

Read each problem. Draw a picture about the problem. Share your ideas

with a partner.

1. Chung has 7 crayons.

His sister has 9 crayons.

How many crayons do they have?

2. Lee had 19 candies.

He ate 7 candies.

How many candies does he have now?

3. There are 12 slices of pizza.

6 slices have pepperoni.

How many slices do not have pepperoni?

4. Make up your own word problem and illustrations.
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SOLVE THE PROBLEM/ PRINT A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a partner.

1. John read 3 books last summer. One book had 154 pages. The second

book had 207 pages. A third book had 97 pages. How many pages did

John read?

2. Ann had 4 pages of math homework. Each page had 24 questions. Ann
did not finish 13 questions because they were too difficult. How many
questions did Ann finish?

3. A swimming pool holds 5437L of water. 298L of water leaked out of a

small hole in the bottom. How many L of water are left?

4. A shoe store has 3547 pairs of shoes. It sells 37 pairs on Wednesday, 25

on Thursday and 46 on Friday. How many shoes are there Saturday

morning?

5. Make up your own question about books.



oor
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SOLVE THE BROBLEM/ PRINT A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a partner.

The William family lives on a farm. Part of the farm is filled with hundreds

of maple trees. Every spring they drill holes in the trees, so that they can

collect sap. This is called tapping the trees.

1. In the north bush they tapped 347 trees.

In the south bush they tapped 312 trees.

How many trees were tapped altogether?

2. Last year they tapped 499 trees.

How many more trees did they tap this year?

3. One tank collected 380L of sap.

Another tank collected 498L of sap.

A third tank collected 301L of sap.

How much sap was in all 3 tanks?

4. The William family collected 127L less last year.

How much did they collect?

5. Make your own question about maple syrup.
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SOLVE THE PROBLEM/ PRINT A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a partner.

Frank's Fast Foods

Hamburgers $2.00

Cheeseburgers $3.00

French Fries $1.25

Milk Shakes $1.00

Soft Drinks $0.50

Chicken Lunch $4.00

1 . How much will Amber pay for a cheeseburger, fries and a soft drink?

2. How much will 1 chicken lunch, 2 hamburgers, 3 fries, 1 shake and 1 soft

drink cost?

3. John orders a chicken lunch and a milkshake. He gives the cashier

$10.00. How much change will he get back?

4. Three girls order 1 hamburger, 2 cheeseburgers, 3 fries, 2 milkshakes and

1 soft drink. What is the total cost?

5. Make up your own word problem using the menu items and prices.
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SOLVE THE PROBLEM/ PRINT A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a friend.

1. There were 1462 people at the championship hockey game.

199 people had to leave after the second period.

How many people stayed to watch the third period?

Each hockey team had 21 players.

In the first period 3 were injured and left the game.

In the second period 3 more were injured and left the game.

By the third period 2 were feeling better and returned.

How many were playing in the third period?

3. A ticket for the hockey game was $21.00.

Jake gave the cashier a $50.00 bill.

How much change did Jake get back?

4. A family ticket price is $43.00. How much will it cost for 3 families?

5. Make your own question about hockey.
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SOLVE THE PROBLEM/ WRITE A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a partner.

1. Jenny ran a total of 34km each week. Her friend Joe ran 15km more

than she did. How many km did they run in total?

2. Jane climbed 94 steps up the CN Tower. Jessica climbed 122 steps

and pat climbed 60. How many stairs did they climb altogether?

3. Bob had 137 toy cars he wanted to sell. By the end of one week, he

sold 48 of the cars. How many did he have left to sell?

4. At Loblaws, the cost of a muffin is $0.35. A cookie is $0.25 and a pie

costs $1.25. How much money would you need to buy one of each?

5. Make up a word problem of your own.
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SOLVE THE PROBLEM/ PRINT A SENTENCE ANSWER/
CHECK YOUR WORK

Read each problem carefully. Solve the problem. Print your answer in a

complete sentence. Check your work with a partner.

1 . Last year the Toronto Fire Department was called out to fight

347 fires. 46 of these fires were false alarms. How many fires

were there last year?

2. The local pet store has 37 dogs, 53 cats, 536 fish, 25 turtles, 17

lizards and 127 birds. How many animals are there?

3. A library has 9874 books. 2041 books have been signed out. How
many books are there in the library?

4. Joe is 8 years old. His sister is 6. Joe is 147cm tall. His sister is

1 16cm tall. How much taller is Joe?

5. Make your own word problem.
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