Research in Action Plan

How does the use of a calculator affect middle school students’ understanding of basic mathematical algorithms?

Kate Heydlauff

Michigan State University

Summer 2010

Executive Summary

How does the use of a calculator affect middle school students’ understanding of basic mathematical algorithms?

Many educators and researchers in the past have studied the affects of the calculator in the classroom.  It is evident that many want to know if calculators positively or negatively affect student learning and/or achievement in the math classroom.  As technology increases each year in schools across the nation, it is important that we know how calculators can improve or hinder student understanding and truly recognize if this technological device is helping math students of all ages.

After reading numerous articles, journals, essays and research papers, most researchers have found calculators to improve student achievement and engagement.  Three middle school teachers, Guerrero, Walker and Dugdale, examined the use of calculators and computers in the classroom and how these technologies can have a positive effect on both teachers and students.   The former president of National Council of Teachers of Mathematics, Lee Stiff, makes specific points in his article Making Calculator Use Add Up of how calculators can benefit student learning.  Researcher Linda Struyk concluded that there was a positive change in the students’ attitudes towards mathematics, specifically with the use of a calculator and computing specific problems.  These are just a few examples of the many I read over.  Obviously, this evidence swayed my original thought that calculators may hinder student understanding.

By reviewing the research that has already been completed, I was able to gain a better understanding of how to study the affects of calculators.  In most studies, elementary and middle school students were observed.  I could not find any research to determine if calculators do affect students’ understandings of basic mathematical algorithms, such as addition, subtraction, multiplication and division.  Therefore, I plan to test this specific aspect of calculator usage.  Although I do agree that calculators can provide engagement and help student achievement, I specifically want to test how calculators can affect the basic mathematical computations in a classroom.

In this quasi-experimental study, I will have two sixth grade teachers in my school district participating for the entire school year.  The educators will teach four classes each, totaling eight classrooms of sixth grade math.  Teacher one will use calculators sparingly in two of her classes and will use calculators in a majority of the mathematical lessons in the other two classes.  Teacher two will do the same for her four classes.  The teachers will continue this for the entire school year.  This experiment will provide a control group and an experimental group.  I plan to give a pre and posttest over basic   mathematical computations in which students are not allowed to use a calculator.  With this experiment, I hope to discover if calculators affect the way students are able to add, subtract, multiply and divide.

By researching this topic more and creating a specific experimental design to test this hypothesis, educators will gain better knowledge if and when calculators should be used in the classroom and how calculators may or may not affect students’ basic algorithm computations.

Introduction and Background

To revise the introduction and background piece of my research in action plan, I gave more specific examples of how calculators may or may not be affecting student understanding.  For example, are calculators hindering basic multiplication computations or do students understand what it means to divide one number by another?  By adding these specific examples, I can be more focused when testing my hypothesis and more clear when analyzing the results.

In more and more classrooms across the country, students begin to rely on calculators for basic math computations, such as addition, subtraction, multiplication and division.  Beginning in middle school, it is evident that many students lean heavily on their calculator to compute basic math problems.  As a high school teacher, I find that fewer students know their basic math facts and more students use a calculator for every mathematical quandary.  As a high school teacher, I find calculators to be quite useful.  Calculators help students compute problems quickly; however, it can be incredibly frustrating when a room full of middle or high school students cannot compute a simple multiplication problem without pulling out their calculators.  I cannot help but question if a calculator acts more like a crutch than a helpful tool.  When I question the students about their lack of basic math skills, most respond with a quick point to the calculator.  Starting in fifth grade, students in our district have had the chance to use calculators and have come to rely on this technological tool.

Many studies in the past have not shown a significant difference when comparing students who use a calculator to students who do not.  Susan Barton Ph.D., from Brigham Young University, compiled a list of studies comparing student achievement to the use of calculator technologies.  A group of 30 studies from 1984 to 1995 found that there was a significant difference for problem computations for those students who used a calculator; however, there was no significant difference in the overall math achievement of the students (Barton, 1999).

Math many educators are split on the decision if calculators should be used in the classroom.  In fact, one article found on Education World discusses the debate between teachers who use calculators and teachers that do not.  The article states, “While few educators deny the usefulness of calculators at the high school level, some are now beginning to rethink their use in the lower grades” (“Educators”, 2002).  By using calculators in elementary and middle school, one could question if this is affecting their understanding of basic math computations in their higher education.

Many others weigh in on this constant debate.  The National Council of Teachers of Mathematics (NCTM) discusses the use of calculators in their Standards for School Mathematics.  The council states:

“Calculators should be available at appropriate times as computational tools, particularly when many or cumbersome computations are needed to solve problems. However, when teachers are working with students on developing computational algorithms, the calculator should be set aside to allow this focus. Today, the calculator is a commonly used computational tool outside the classroom, and the environment inside the classroom should reflect this reality” (National Council of Teachers of Mathematics, 2004).

Due to so many students using calculators in their math courses, it has become evident to me as an educator that students do not realize the actual meaning of multiplication and division as well as other basic mathematical algorithms.  They struggle with simple math problems when a calculator is not present.  The question arises, are we, as educators, doing a disservice to our students by providing them with calculators?  Are calculators affecting the way our students understand mathematics, specifically the basic understanding of mathematical algorithms?  For example, are students relying on the calculator to add, subtract, multiply and divide instead of learning these fundamental concepts themselves?  As I research this topic, I look forward to investigating the evidence for and against the use of calculators in the classroom and, specifically, how the use of calculators in middle school has affected student understanding.

Literature Review

In this section of my research in action plan, I revised some sentence structure and small editing changes; however, I did not change the content in this piece.

Introduction

Schools across the nation are using calculators in more and more of their math classrooms.  In 1992, the National Council of Teachers of Mathematics (NCTM) and the National Assessment of Educational Progress (NCEP) found that only 19% of eighth grade students had used a calculator in their math classroom (Calculators in the classroom, 1992).  However, in 2000, the assessment was given again and, in most school districts, calculators were permitted and used in a majority of the eighth grade classrooms (Braswell, Lutkus, Grigg, Santapau, Tay-Lim & Johnson, 2001).

In the past 30 years, many researchers have investigated how calculators can affect the classroom.  Doctors, educators, psychologists and others have researched many aspects of the calculator.  From pedagogical thinking to mathematical understanding, researchers desire to learn if the calculator is beneficial or harmful to student comprehension.  From previous studies, it seems that calculators are not harmful to student learning or understanding.  Most studies conclude that calculators engage students in mathematical concepts and can promote student achievement.  The only gap found in research was at the fourth grade level.  When calculators were used in these elementary classrooms, there seemed to be a negative impact on the students’ learning (Hembree and Dessart, 1986).

After collecting all of the research, it is important to compare and analyze each finding to compile a better understanding of how calculators may affect students’ fundamental mathematical understandings.  By using calculators in so many math classrooms, it is important for educators to understand the circumstances and potential outcomes of using this technology.

Research and Analysis

As technology advances, many researchers and educators feel that calculators should be used more in the classroom.  In the article Technology in Support of Middle Grade Mathematics: What Have we Learned, the authors discuss the controversial debate of technology in the classroom.  Guerrero, Walker and Dugdale examine the use of calculators and computers in the classroom and how these technologies can have a positive effect on both teachers and students.  The authors believe that teachers are torn between the cautionary messages of not using a calculator and the new technology standards that encourage the use of all technologies, including calculators (Guerrero, Walker & Dugdale, 2004).  Teachers need to make technology effective and engaging and, in order to do this, need proper training and support.

The former president of National Council of Teachers of Mathematics (NCTM), Lee Stiff, makes specific points in his article Making Calculator Use Add Up of how calculators can benefit student learning.  Stiff points out that calculators should have a specific place in the math curriculum; they are not meant to replace student understanding, but instead, this technology can enhance problem solving and math confidence (Stiff, 2001).  Stiff also recommends the use of calculators due to our advancing technological society.  As part of the NCTM, he believes that technology should be integrated and accepted into all math classrooms (Stiff, 2001).

In the past, studies show that calculators can have a positive affect on both students and teachers.  Using 54 research studies, Aimee Ellington examined the debate of the use of calculators in the classroom.  In this meta-analysis study, Ellington carefully looked at each study and how the technologies of the calculator have changed in the last 30 years.  Ellington uses Hembree and Dessart’s meta-analysis review (1986) as a foundation to her research.  In her findings, Ellington discovers that calculators are most useful and beneficial to student understanding when used in pedagogical roles in the classroom, instead of just checking work or for drill and practice (Ellington, 2003).

In a research study, Linda Struyk evaluated the strategies educators use when teaching mathematics and the students’ attitudes toward the subject.  Struyk invited teachers of third and fourth grade classrooms to participate in an in-service and learn how to incorporate the calculators in the classroom.  Struyk’s research concluded that there was a positive change in the students’ attitudes towards mathematics, specifically with the use of a calculator and computing specific problems (Struyk, 1993).  The teacher surveys also provided evidence of teacher learning and enjoyment when teaching with calculators in the classroom.

As we look over this research, conclusions can be drawn that calculator technologies can engage students of all ages and, more specifically, also enhance teaching and classroom understanding.


Other studies show that when used inappropriately, calculators can have a negative affect on student learning.  While a majority of articles, journals and research papers emphasize the importance of calculator use, it is also important to realize there could be negative impacts when using this technology.  In one study, researchers examined the relationship between geometry achievement and the use of computers and calculators in the classroom.  When analyzing the technology portion of the study, researchers found more frequent use of computers and calculators with drill and practice objectives created a lower average of geometry achievement (Devaney, 1996).  

In another meta-analysis study, two researchers, Hembree and Dessart, concluded the use of calculators in fourth grade was the only negative affect that was found, hindering the students’ understandings of mathematical concepts (Hembree & Dessart, 1986).  Other educators that are opposed to calculators in the classroom argue that this technology can prevent students from understanding basic mathematical concepts and provide a false confidence of their true mathematical ability (Educators battle over calculator use, 2002).  

Conclusion

Many studies and opinions have been given about using calculators in the classroom.  It is evident that a majority of these studies promote the use of calculators and have evidence to prove that this technology can help student achievement and engagement.  This is very interesting as I originally thought that calculators would hinder students’ understanding of basic mathematical algorithms because the calculator would do the computations for the student instead of the student thinking for him/herself.  

Upon gathering this research, I will be interested to see if my experiment will match the studies provided.  As I read through the many pages of research, I can only conclude that calculators can help student achievement if used appropriately.  Research shows that this tool is meant to engage students and help them explore mathematical concepts.  It seems that there was only a negative impact on student achievement when the calculator was used for drill and practice.  Although this will be a constant debate between researchers, educators, and others for many years to come, it is important to look at all of the studies and research provided to make a valid choice on using calculators in the classroom.

Intervention and Evaluation

In this section of my research action plan, I made the most revisions.  I tried to create a better experimental design that will truly test my question.  Instead of having a calculator and non-calculator part in the pre and posttest, I decided to not allow calculators on either assessment.  This will help narrow down the variables being tested.  I also better described how I would be analyzing the data using mean and median values of the assessment data.

Question: 
How does the use of a calculator affect middle school students’ understanding of basic mathematical algorithms?

Intervention:
I strongly believe that most students come to rely on the calculator in their middle school years.  I plan to create an intervention to research middle school students and their use of calculators in the classroom.  By testing this sample group, I hope to better learn how calculators are affecting student understanding in a math classroom.

After reviewing many studies and observations, most researchers have found that calculators can improve student engagement and achievement in a math classroom.  Others believe that calculators make no difference in student understanding.  Very few researchers found calculators to hinder student understanding of mathematical concepts.  Therefore, in my research, I believe I will find calculators to improve or have no affect on students’ understandings of mathematical algorithms.

Evaluation:
Sample

The sample will include approximately eight classrooms of sixth grade students, totaling about 220 students.  All students will be enrolled in the Traverse Area Public Schools and all will attend West Middle School.

The reason I chose this sample population is because I teach in this district.  It will be easier to observe and distribute surveys and assessments to the students.  The two sixth grade math teachers have also volunteered to participate in the study.  I believe it is important to begin in sixth grade as I hope to follow these students through their middle school career to observe how the use of calculators can affect their mathematical understanding.

Study Design

In this quasi-experimental study, the two sixth grade teachers will teach four classes each, totaling the eight classrooms of sixth grade math.  Teacher one will use calculators sparingly in two of her classes and will use calculators in a majority of the mathematical lessons in the other two classes.  Teacher two will do the same for her four classes.  The teachers will continue this for the entire school year.  I chose for each teacher to have calculator and non-calculator groups to eliminate some of the other variables.  If only one teacher taught the calculator group and the other taught the non-calculator group, when comparing results I would have to also look at teaching style and ability, as that could also affect student learning.

Students will be given a pre and posttest.  Both the pre and posttest will not allow calculators.  This test will be the same and will question students over basic mathematical computations, including addition, subtraction, multiplication and division.  Students will be asked to compute both number and word problems.  Results will be compared among classes, particularly comparing the students who used a calculator all year to the students who did not use a calculator much in the classroom.

Data Sources

To collect data for this study, I plan on using surveys, assessments and observations.  Within the first few days of the study, I plan to give each sixth grade student a survey.  This survey will question how much they have used a calculator in elementary school.  I will also ask students their personal opinions on calculators.  Some questions may include:

· Do you think calculators help you better understand math?

· Do you only use calculators to help you add, subtract, multiply and divide faster?

· Do you think you should use a calculator all of the time in your sixth grade math class?

Not only will this survey help me understand the mathematical background of these students, but it will also help me observe the students’ opinions of calculator usage in the classroom.  Specifically, I would like to know what type of calculator usage the students have used in the past.  I feel that this could change the results of the study if students have used calculators for a majority of their math classes in elementary school.

I also plan on giving a pre and posttest.  Both assessments will test similar questions and knowledge.  Students will not be able to use a calculator the assessment for both the pre and posttest.  

Observational research will be another type of data source.  I plan on observing students work in both classrooms.  The teachers will go through the same units and stay at approximately the same pace.  It will be interesting to see how the lesson plans change based on calculator usage.  I also hope to observe student learning in both classrooms to see if there are any changes due to the use of a calculator.

Procedure

I plan to have a specific timeline to collect the data of this research project.  Within the first week of class, each sixth grade student will take the survey, questioning them about their previous use of calculators in the classroom and their own thoughts of when and how calculators should be used.  This will help me better understand the background of these students.

After collecting the survey, the following week the students will take a pretest.  This pretest will not require a calculator.  Students will have to compute the mathematical algorithms by hand.  Students will have 40 minutes to complete the assessment.  The same test will be given at the end of the year.  Students will go through the same procedure.

During the year, I hope to make four to six days of direct observations.  During these observations, I hope to visit the eight classrooms and observe student learning.  I hope to observe how much students use a calculator in their classroom and if student understanding is different between the classrooms that use a calculator and the classrooms that do not.

Data Analysis:
Once all of the data is collected, I hope to directly compare the assessments.  Because most of these students had similar elementary experience, I would expect the pretests of the groups, calculator and non-calculator, to be quite similar.  However, after spending an entire year using or not using calculators, it will be interesting to see if the posttest offers differences among the two groups.  I am most interested to see if calculators hinder student understanding of computations.  If so, this will be shown in the results of the posttest with the non-calculator group scoring higher than the calculator group.  

To better analyze the results, I plan to enter every student score of the pre and posttest into an Excel spreadsheet.  By using this spreadsheet, I will be able to look at individual scores as well as group students by teacher and calculator usage.  I plan on finding the averages and medians of the non-calculator pre and posttest and compare those numbers to the averages and medians of the calculator pre and posttest.

I also hope to use my observational notes to compare student understanding.  During these observations, I hope to see how students are working through their mathematical problems either using or not using a calculator.  It will be interesting to see if comprehension is different or if students work through the problem differently because of a calculator.

Overall, this research study will hopefully help us better understand if calculators can affect students’ mathematical understanding.  No matter the findings, we will be able to use the information to create a better learning environment and experience for our students.  
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