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Abstract 

This research explores students’ dependency on calculators particularly with exponents.  

Recently, students have become increasingly technology-dependent: cell phones, iPods, even 

calculators. It is hypothesized in this research that students will be reliant on calculators.  In this 

study, two groups of students were given an assessment twice, once with and once without 

access to a calculator; the order of calculator access was changed with the groups. The students 

averaged better with access to the calculator, but not significantly better.  In conclusion, 

calculators should be used limitedly in the classroom. 
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Introduction 

 This research explores students’ dependency on calculators particularly with exponents.  

Recently, students are becoming more technology dependent: cell phones, iPods, even 

calculators. Students are using technology less as a tool and more as a crutch. The National 

Council of Teachers of Mathematics (NCTM) notes in its Technology Principle that “technology 

is essential in teaching and learning mathematics; it influences the mathematics that is taught and 

enhances students’ learning” (NCTM, 2000). An example of this acceptance, examinations are 

changing to accommodate the calculator; the Common Core Curriculum allows 7th and 8th 

grade students to use a calculator on their examinations.   However, integrating graphing 

calculators into the curriculum is time consuming (Chamblee, Slough, & Wunsch, 2008).  Some 

teachers have a difficult time finding the balance between over and under calculator use.  This 

research seeks to find an appropriate balance.   

 The focus of this research is on exponents because exponents are one of the fundamental 

topics students encounter regularly in mathematics.  Exponents are used in almost all branches of 

mathematics: algebra, calculus, geometry, combinatorics, and number theory.  Early mistakes 

can lead to an incorrect solution especially in mathematics.  Mathematics is one of the subjects 

that require a rigorous knowledge of fundamental material.  Students will struggle with the 

material if they do not have the fundamentals down before entering the next level of 

mathematics.   

I was inspired to research the topic of calculator dependency in classrooms when I 

noticed how dependent algebra students were on their calculators during my student teaching. 

The students’ dependencies started to concern me when students would type in basic single-digit 

calculations, for example, 62 ÷ 2.  It seemed to me very few of the students knew their 
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fundamental math facts or had any number sense.  On numerous occasions, I would take the 

calculator from their hands and have the student mentally compute the operation for me.  

Occasionally it takes more time to type in the expression than to evaluate it mentally.   

This study focuses on students’ dependency on calculators specifically when computing 

with exponents. 

It is hypothesized that college students rely more on the calculator for mathematical 

computations than use their personal knowledge and mathematical skills, especially 

when dealing with exponents.  It is also hypothesized that students have little 

number sense when dealing with exponents greater than 3.  It is hypothesized that if 

students have been taught logarithms, unless they are given a calculator, they will 

use guess-and-check to solve for 𝑥.  Students will also not refer to the directions 

that say “leave in exponential form”, especially when given a calculator.   

The hypothesis was tested by giving students a quiz on two separate occasions to 

compare their work with and without a calculator.  Both sections of Prize-Winning Mathematics 

(MATH 108) completed the quiz twice: section one was allowed to use calculators first, while 

section two was not, then vice versa.  The following literature review will explore previous 

research relevant to technology use and exponents.   
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Figure 1.  Example of exam problem, Grade 8. 

Literature Review 

 The purpose of this literature review is to examine existing research pertaining to the role 

of calculators in the mathematics classroom specifically when dealing with exponents.  First, 

current assessment questions are examined to determine the type of questions being asked of 

middle and high school students.  The current New York State standards are then assessed.  

Since textbooks are a vital part of mathematics teaching and learning, the next section of the 

literature review focuses on current teaching approaches via textbooks.  Research on students’ 

understanding when computing with exponents is discussed.  Lastly, the use of calculators, pros 

and cons, in the classroom is examined.   

Assessment 

When examining some New York State Mathematics Regents Exams, there were only a 

handful of problems on exponents in the past few years.  There seems to be at least one exponent 

question on the exam each year.  The first five Figures are from the Grade 7, Grade 8, and 

Integrated Algebra examinations.  Figures 6 through 11 are from the Algebra 2/Trigonometry 

exams.   
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Figure 3.  Example of exam problem, Grade 8. 

 

Figure 4.  Example of exam problem, Grade 8. 

 

Figure 2.  Example of exam problem, Integrated Algebra. 

 

Some problem require students to examine the problem and figure out what is being 

asked of them.  In Figure 1, part A students are asked to analyze Lenora’s work to see if there is 

an error and to explain in words how they determined their answer, then they are asked to 

simplify an expression.  In Figure 2, students need to stop and think about what the question is 

asking them; otherwise they can easily skim the question and misinterpret it, and obtain an 

incorrect answer.  

 

  Other problem are straightforward, “Simplify the expression” and “What is the product of 

these two terms?”  Figures 3 and 4 are prime examples of this, which shows the students’ 

computational skills.  
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Figure 6.  Example of exam problem, Algebra 2/ Trigonometry. 

Figure 5 has students give the prime factorization of a number, then has them give two different 

dimensions for a deck using different products of the given number using the prime factorization.  

This problem is from the 2010 7th grade Regents.    This is a really fascinating problem because 

students would normally just find factor pairs of the given number, instead of using the prime 

factorization.   

The next set of Figures are from the New York State Algebra 2/ Trigonometry exams.  In 

these problem students are asked to evaluate, simplify, or solve.  Figure 6 is an interesting 

problem where students have to plug in for 𝑥 and 𝑦 and then simplify the expression.   

Figure 5.  Example of exam problem, Grade 7. 
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Figure 9.  Example of exam problem, Algebra 2/ Trigonometry. 

 

Figure 7.  Example of exam problem, Algebra 2/ Trigonometry. 

Figure 8.  Example of exam problem, Algebra 2/ Trigonometry. 

 

Figure 10.  Example of exam problem, Algebra 2/ Trigonometry. 

Figure 11.  Example of exam problem, Algebra 2/ Trigonometry. 

 

Figures 7, 8, and 9 are great examples of the type of problem to expect when simplifing a 

complicated expression.  Figures 10 and 11 have students find a common base between the 

expressions on either side of the equals sign to help solve for  𝑥. 
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Standards 

Standards are a critical part of education; they outline what teachers are to teach.  

Standards change very often, so it is hard for educators to keep up with them.  The National 

Council of Teachers of Mathematics (NCTM) was the first organization to develop Problem 

Solving standards in 1989.  In 1996, New York State developed the MST (Mathematics Science 

Technology) standards are the scaffolding for the Math A and B curriculum.  NCTM came out 

with the Principles and Standards in 2000 that gave nationwide process and content standards.  

After over 50% of the students failed the June 2003 Math A exam, New York introduced the K-

12 Performance Indicators and changed the curriculum from Math A and Math B back to 

Integrated Algebra, Geometry, and Algebra 2/ Trigonometry.  Most recently, 2010-2012, the 

Common Core has been adopted by all but five states. 

Below is a list of the current standards New York State accepts, the Common Core 

(“NYS Common”, 2010) and NCTM (“NCTM”, 2000), which pertain to exponents.   

Common Core:  

 A.SSE.1 Interpret expressions that represent a quantity in terms of its context. 

a. Interpret parts of an expression, such as terms, factors, and coefficients. 

 A.REI.3 Solve linear equations and inequalities in one variable, including 

equations with coefficients represented by letters. 

 N.RN.1 Explain how the definition of the meaning of rational exponents follows 

from extending the properties of integer exponents to those values, allowing for a 

notation for radicals in terms of rational exponents. 

 N.RN.2 Rewrite expressions involving radicals and rational exponents using the 

properties of exponents. 
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 A.SSE.3 Choose and produce an equivalent form of an expression to reveal and 

explain properties of the quantity represented by the expression. 

a. Factor a quadratic expression to reveal the zeros of the function it defines. 

b. Complete the square in a quadratic expression to reveal the maximum or 

minimum value of the function it defines. 

c. Use the properties of exponents to transform expressions for exponential 

functions. 

NCTM:  

     In grades 9-12, all students should 

 develop a deeper understanding of very large and very small numbers and of various 

representations of them 

 judge the effects of such operations as multiplication, division, and computing powers 

and roots on the magnitudes of quantities 

 develop fluency in operations with real numbers, vectors, and matrices, using mental 

computation or paper-and-pencil calculations for simple cases and technology for 

more-complicated cases 

These standards lay the foundation for the curriculum which is explored in the next section. 

Current Approaches to Teaching Exponents 

In current textbooks, most mathematical topics are introduced to students by giving a 

real-life situation to show where the material is useful.  Several examples of real-life situations 

where exponents are used: family trees, relationship between breathing rate and bicycle speed, 

astronomical distances, and computer data.  Most of these situations are given as examples where 

the students participate in the discovery of the pattern.  Following this “hook”, students are 



CALCULATOR DEPENDENCY AND OPERATIONS KARPIE 9 

Figure 12.  Example of current textbook approach to introducing exponents. 

introduced to the standard form of a power; several textbooks show similar approaches as Figure 

12, with a clear description and definition of each term (Collins et. al. 1995).  There are then a 

few examples to follow, then the explanation of the zero and negative exponent rules, followed 

by more examples.  Finally exercises and practice for the student are located at the end of the 

section (Bailey, et. al. 2006; Boswell, Kanold, Larson, & Stiff, 2001; Bumby, Collins, Egbers, & 

Klutch, 1991; Caroscio, & Primiani, 2012; Collins et. al. 1995; Larson, Boswell, Kanold, & Stiff, 

2007a; Larson, Boswell, Kanold, & Stiff, 2007b; Szcezesny, 2002). 

The inclusion of real-world applications seems to be a recent addition to mathematics 

textbooks.  A Survey of Basic Mathematics (Apostle, 1960) and Fundamentals of Freshman 

Mathematics (Allendoerfer, & Oakley, 1959), textbooks from the early 1960’s, are set up in a 

similar way.  The chapter begins with the laws of exponents, with an example or two of each 

law, followed by the definition of a negative power and the theorem of zero as a power, finishing 

with a list of exercises. 
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Since Finite Mathematics is a college textbook, it does not deal with the rules of 

exponents and logarithms in one section or chapter like a high school book does.  This textbook 

introduces exponential functions and logarithmic functions a section at a time- embedded in the 

chapter are the rules for computing with them, but it is not the focus (Barnett, 2008). 

Students are given an introduction to exponents in middle school, which are further 

utilized at the high school level.  Next, some of the more thorough concepts are explained.   

Understanding and Computing Exponents 

There are many reasons students struggle with exponents.  Pitta-Pantazi (2007) 

completed a study whose results suggest there are three levels of understanding for students 

when computing exponents: 

1. Students’ interpretation of exponents is based upon exponents that symbolize natural 

numbers. 

2. Students’ knowledge acquisition process is a process of enrichment of the existing 

conceptual structures.  Students can compute exponents with negative numbers by 

extending the application of the prototype examples.   

3. Students not only extend the prototype examples by also reorganize their thinking in 

order to compute and compare exponents with roots, a concept which is quite 

different from the concept of exponents with natural numbers. 

Most students do not have a skill set that expands beyond the first level, which explains 

why students struggle when solving mathematics problems.   

Students’ mathematics vocabulary is weak (Dubisch, 1963).  An insightful example of 

this is Schmittau’s survey (1993).  He and his research team “asked eight U.S. university 

students (two of whom were math majors) for the meaning of “exponent”, half of those who has 
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majored in disciplines other than math identified the meaning as “repeated multiplication” of 

positive integers.  The others were unable to provide any meaning, however designating the 

exponent as merely “a number which is written in the upper right hand corner next to another 

number” (Schmittau, 1993). This survey indicates that there is some disconnect between the 

lesson and retention of the knowledge.   

Students have no need for artificial exercises that they will never see in real life, such as 

Simplify the following expression. 

(
3𝑎−

1
2𝑏−2

𝑎
5
2𝑏−

1
2𝑐3

)

−
4
5

 

Students should be drilled in simpler exercises that emphasize the concept rather than given 

ridiculous problems such as above (Dubisch, 1963).  Most students lose interest as soon as an 

intimidating problem comes around.  These students could succeed if there is a more logical 

connection and application to real-world exercises.   

Making visual representations before introducing the notation can be a beneficial 

teaching strategy. Fremont (1969) suggests playing with squares and cubes, cutting them up, etc. 

before introducing the exponential notation.  

Figure 13 shows the attributes students should know when dealing with exponents during 

Birenbaum’s study.  Students have the most issues with attributes 5, 6, and 9, with less than 40% 

mastery on each type (Birenbaum & Tatsuoka, 1993).  

Attributes 

1. Bases are parameters 

2. 𝑎𝑛 ∙ 𝑎𝑚 = 𝑎𝑛+𝑚 

3. 𝑎𝑛/𝑎𝑚 = 𝑎𝑛−𝑚 
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The last eight attributes could use extra attention since students have seen the first four 

attributes since middle school.  That extra attention could mean the difference between mastering 

the concepts for a unit test.   

Weber (2002) tries to explain why there is little retention with exponents.  “Research 

indicates that students’ understanding of [exponential and logarithmic functions are] quite 

limited.  In particular, students often forget many properties of exponents and logarithms shortly 

after they learn them and can seldom explain why these properties are true.”  This lack of 

retention is most likely because students are not given real life applications other than dealing 

with area and volume.  Comments such as Webber’s can help. “Many researchers point out that 

the explanation of exponents as repeated multiplication is inadequate to perform the reasoning 

we associate with exponents and logarithms.  Expressions such as 2−1 and 21/2 will be 

nonsensical” (Weber, 2002).  The teacher’s vocabulary matters in delivering a clear, complete 

explanation.  Educators need to have precise definitions.  For example, students struggle with 𝑥0, 

4. (1/𝑎)𝑛 = 1/𝑎𝑛 = 𝑎−𝑛 

5. 𝑎0 = 1 

6. (𝑎𝑚)𝑛 = 𝑎𝑚𝑛 

7. Fraction operations (division) 

8. Signed number operations 

9. Factoring 

10. 𝑎𝑛/𝑏𝑛 = (𝑎/𝑏)𝑛 

11. Basic skill of simple algebra  

(e.g., 𝑛 + 𝑛 = 2𝑛; 2𝑥 − 𝑥 = 𝑥) 

12. Reverse use of the properties 

(e.g., 25−2 = 25 ∙ 2−2) 

Figure 13. Attributes of exponents. 
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a precise definition could help understanding. “𝑥0 is not a metaphysical mystery; it is only a 

convenient and efficient way of writing the result of the division of some power of 𝑥 by itself.”  

Similarly, a negative exponent is just another way of writing a fraction; a fractional exponent is 

combining a power and a root (Durell, 1909). Students want an easy way to remember facts, but 

teachers need to give precise definitions and examples.  Precise definitions, not memorization of 

facts, can lead to a deeper understanding of mathematics.  

The following comment by Webber (2002) reiterates the importance of acquiring a deep 

understanding of mathematics.  “As time passes, one’s knowledge of symbolic rules will 

generally decay.  If one has a deep understanding of the concepts involved, these rules can be 

reconstructed.  If not, the rules cannot be recovered.” One needs to internalize the content before 

fully grasping the concepts.  

Once students have grasped the concept, teachers then show students an easier way, often 

by use of the calculator.   

Use of Calculators 

If students do not acquire basic understanding and skill development of the core concepts 

in mathematics, they will not be successful in higher level courses, even in Geometry and 

Algebra 2/ Trigonometry.  Mathematics is a topic that builds on itself throughout schooling.  

Students lacking those basic math facts will fall behind quickly, and once behind in mathematics, 

it is very hard to catch back up.   

Too much exposure to calculators and the student will not understand actual meaning of 

an exponent in an equation or expression. Too little exposure and the student will not learn to use 

a tool that will make them more efficient.  Obviously somewhere in the middle is the ideal 

amount of exposure, but where?  For example, when graphing quadratic functions in Integrated 
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Algebra, there is no reason after doing a few by hand that the students should not be able to use 

the calculator to quickly create a table.   

The basics of most concepts in math are learned in middle school.  Clark says “middle 

school mathematics determines student success at the high school level.”  Any concepts that 

students do not master in the middle school level will result in students having difficulty in the 

high school level.  In particular, students need to acquire problem-solving methods and critical 

skills that will help in the learning of higher level mathematics (2011).  

A study was completed to analyze secondary mathematics teachers’ experiences, 

attitudes, beliefs, and practices in teaching and learning mathematics using a calculator.  Mason’s  

(2010) research showed that teachers believe calculators can help students learn, but contribute 

to a lack of understanding and threaten basic skill development. This is demonstrated in Lee’s 

and Brown’s 2010 studies.  

All three teachers in Lee’s study of teachers’ conceptions and teaching practices using 

graphing calculators had the same goal of using the calculator to “eliminate mechanical 

processing time and enhance their students ability to construct their own learning” (Lee, 2010).  

Brown’s study indicates that only two out of the six mathematics examinations in Denmark, 

Victoria, and the International Baccalaureate considered demonstrating any significant change in 

the types of skills assessed in conjunction with the introduction of the graphing calculators 

(Brown, 2010).  

On any topic, there are always opposing viewpoints.  The pros of calculators in the 

classroom are discussed, followed by the cons.   
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Pros of Calculator Use  

There are many benefits to teaching with calculators.  The NCTM notes that “technology 

is essential in teaching and learning mathematics; it influences the mathematics that is taught and 

enhances students’ learning” (NCTM, 2000).  NCTM also recommends the use of a graphing 

calculator to complete routine computations in order to focus on conceptual understanding.  The 

graphing calculator provides different models of multiple representations.   

Goos and Bennison found in their study that “a majority of teachers agreed that 

technology makes calculations quicker, helps students understand concepts, enables real-life 

applications and allows students to see the link between different representations” (Clark, 2011).  

In addition, Choo-Kin Tan says that the use of graphing calculators benefits students of all 

levels, that is, high, average, and low mathematical achievers (Tan, 2012). 

Likewise, Morse is a strong believer in TI technology in his classroom.  Using the TI-

Navigator system, students can compute answers, compare answers with other students, generate 

examples or make predictions, and discuss problem solving strategy with other students.   He 

completed a study that showed that 27% more students scored in the 90% range on the Math A 

Exam in 2007 with the TI-Navigator system than the students without the Ti-Navigator system in 

2005.  Although his students use the calculators daily, he makes sure his students can do the 

work by hand before seeing the advantages of technology (Morse & Texas, 2007).  

The importance of using calculators has been noticed in many studies.  One completed in 

Ireland where almost 1,500 students were given three calculator tests.  Three years later, similar 

students were given the same tests.  Students were randomly divided into two groups, one with 

calculator access, the other without.  There were no significant changes on the scores of 
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calculator inappropriate items, but the students with calculators achieved significantly better than 

the students without calculators (Close, Oldham, Shiel, Dooley, & O’Leary, 2012).  

Furthermore, Tajuddin’s findings indicate that the “graphing calculators’ instruction 

enhanced students’ performance and induced higher levels of metacognitive awareness among 

students.”  This implies that integrating the use of graphing calculators in teaching and learning 

of mathematics was more efficient than the conventional instruction strategy (Tajuddin, Tarmizi, 

& Konting, 2009).  

The calculator can be an incredibly important tool for learning.  However, too much 

exposure can be critical in the retention of knowledge.  The following researchers discuss the 

cons of calculators in the mathematics classroom.   

Cons of Calculator Use 

Integrating graphing calculators into the curriculum is time consuming (Chamblee, 

Slough, & Wunsch, 2008).  With all the standards and requirements, teachers do not have time to 

waste.  They have to learn to budget what is necessary and what can be optional.  Calculators are 

not a necessary tool in learning; they assist the learning process.    

Clark (2011) poses a really interesting question: “Does a better grade in Linear Algebra 

mean that unlimited calculator use is more effective?  Does better retention of Calculus mean 

that limited calculator use is more effective?”  He mentions that he completed his student 

teaching at a school that encouraged the use of calculators for everything.  The students did not 

really understand why the mathematics worked; they just knew what buttons to press.  The 

students at this school have a passing rate of well over fifty percent.  Clark also mentions a 

discussion with a mathematics teacher who would not allow the use of calculators until the 
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students had mastered a new idea.  This particular teacher’s passing rate was under fifty percent.  

These students did not know how to use the calculator effectively on the exam (Clark, 2011). 

As always, both sides argue valid points.  To put this debate to rest, an experiment was 

conducted to compare students’ scores on a quiz both with and without the use of a calculator.   
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Experimental Design 

 This experiment was designed to investigate how dependent students are on calculators, 

particularly with exponents.  Two classes of students were given the same quiz on four different 

occasions: twice with a calculator, twice without.  During round one of the quizzes, one class 

was given calculator access while the other was denied calculator access.  One week later, the 

second round of quizzes was administered and the roles were reversed; those who had the 

calculator the first time were denied and those who were initially denied were allowed to use a 

calculator. 

Participants 

 This study was conducted at a medium size liberal arts college in the Northeast.  The 

college has about 6,000 students; 5,600 undergraduate, 400 graduate.  The population breakdown 

for Fall 2011 is as follows: 1,213 freshmen (21.2%), 1,194 sophomores (20.8%), 1,495 juniors 

(26.1%), 1,496 seniors (26.1%), 332 graduate students (5.8%); Female: 57.4%, Male: 42.6%.  

Eighty-four percent of students receive financial aid.  The student ethnic population consisted of 

84% White, 4.5% Unknown, 3.7% Hispanic, 3.3% Black/non-Hispanic, 1.3% Asian/Pacific-

Islander, 1.3% Multiple Race, 13% non-Resident Alien, and 0.5% American Indian.   

 The study consisted of the students registered for Prize-Winning Mathematics (MATH 

108).  This class satisfies the Common Core Curriculum Mathematics/Quantitative Reasoning 

requirement for undergraduates.  The course surveys some mathematical tools that have proved 

useful to the social sciences, especially in business, economics, and political science.  Other 

topics are selected from linear models, matrices, linear programming, and non-linear and 

probabilistic models.   
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Figure 14. Outline of assessment days. 

 The participants consisted of 37 students: 9 freshmen, 7 sophomores, 11 juniors, and 10 

seniors.  Majors included Computer Information Systems, Economics, Psychology, Music, 

Finance, English, Public Relations, Criminal Justice, Business Administration, Social Work, and 

Mathematics/Middle Childhood Education (Grades 5 - 9).  Specific demographics of the students 

involved were collected the first week of class via an informational notecard on which the 

students answered the following questions: 

- What is your major? 

- Where is your hometown? 

- What collegiate year are you? 

- What is your gender?  

- What is the most recent mathematics class you have taken?  

- How do you feel you are as a math student? Good, bad or somewhere in between? 

- Why did you decide to take Prize-Winning Mathematics instead of a different math 

class? 

Each class met for 50 minutes three days a week from 10:00am-10:50am (MATH 108-01) or 

12:00pm-12:50pm (MATH 108-02).   Each section had a different instructor, one of which was 

the researcher.  One section had 15 participants, while the other had 22 participants.   

Design 

 This experiment was designed to test the hypothesis that students are relying on their 

calculators too much and not using their mental calculations unless they are forced to do so.  The 

experiment was conducted over a period of two weeks.  The students were given a 10-minute,   

7-problem quiz dealing with 

exponents and exponential 

functions during the first week 

of classes; MATH 108-01 was 

allowed to use calculators while 

Quiz Dates & Calculator Access 
 

 Day A Day B 
 

Section 1 Calculator No Calculator 
 

Section 2 No Calculator Calculator 
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MATH 108-02 was not.  Approximately one week later, the students were given the same quiz; 

MATH 108-01 was not allowed to use a calculator while MATH 108-02 was.  Students were 

asked to fill out a survey immediately after both quizzes.  The survey was an eight-question 

informational survey.  The material on the quiz is not covered in the curriculum of the course.  

However, students had been exposed to exponents for years in middle and high school 

mathematics courses.   

Instrument Items and Justification of Items 

The quiz items were designed to assess the students’ knowledge of various topics 

Figure 15. Quiz on Exponents. 
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associated with exponents and exponential rules.   

The first two problems come as a pair.  Students seem to mix these two rules the most: 

multiplication of terms with the same base and raising a term with an exponent to another 

exponent.  Most students are taught in previous mathematics classes to memorize rules.  Since 

there are so many rules in mathematics, it is easy to mix them up if one is memorizing.  Students 

might perform better if they recreated the rules of exponents instead of tried to recall the 

formula.  For example, when asked to simplify the expression 𝑎4𝑎3 students could expand each 

term into the expression 𝑎𝑎𝑎𝑎 ∙ 𝑎𝑎𝑎 then count the number of 𝑎’s leading to the answer of 𝑎7.  

Instead, students are taught 𝑎4𝑎3 = 𝑎4+3 = 𝑎7.   

The third problem really emphasizes attention to detail; in this case, reading directions.  

Students sometimes forget to read the directions and start computing numbers.  It is essential in 

any field to know not only what the problem is asking for, but what one’s boss is asking for; 

attention to detail goes a long way. 

The fourth problem is to get an idea of students’ number sense.  With the calculator, 

students will most likely immediately punch in the numbers.  Interesting solutions could appear 

when students are denied use of the calculator.  How many students will just guess?  How many 

will try to calculate the number by hand with scratch work?   

The last three problems deal with exponential functions.  Problem number five is the 

simplest form of the three.  The researcher believed students would guess and check, either in 

their head or by hand off to the side, provided they have not been taught the rules of exponentials 

and logarithms, or it has been so long that they forgot how to solve this type of problem.  

Otherwise they would use the rules of logarithms.   
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Problem number six deals with one of the basic rules of exponentials:  

𝑎𝑥 = 𝑎𝑦 ⇔ 𝑥 = 𝑦 

The trick is that students need to get the term on the right side to have the same base.  Unless 

students have dealt with the rules of exponents recently, few will have any idea what to do with 

this problem.   

Problem number seven combines solving for x with the rules of order of operations.  

Order matters in math class; in this case, students need to apply the order of operations before 

dealing with the exponent.  Many students will miss the fact that the exponent is only with the 

base of 5 not with the base of 10 and will end up with 50𝑥 = 250; if they are not careful with 

their exponent facts, they might end up with an answer of 𝑥 = 5.   

Data Collection 

 Data were collected for this study by grading the quizzes administered and analyzing the 

surveys.  The survey was designed to attempt to obtain a better understanding of what was going 

through students’ minds while taking the quiz.  Many of the questions are quantitative.  See 

Figures 16a and 16b. 

The first survey question has students rate the difficulty of each quiz question, and 

explain why they thought the question was difficult.  This feedback can help identify areas in the 

lesson that need more focus.  The second question has students list the problems they could not 

remember how to do or just left blank.  This helps identify guessing versus incorrect 

computations.  The third question is asked because when students are given a calculator, majority 

of them will use that instead of their own number sense.  This question has them describe how to 

compute exponents without the calculator. 
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Figure 16a. Page 1 of Survey. 

Not all of the quiz problems need the calculator, question number four has students 

identify where the calculator is helpful or not.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question number five has students explain their thought process while solving an 

exponential equation.  Every student goes about a solution in a different way.   
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Figure 16b. Page 2 of Survey. 
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Method of Analysis 

 This study was mostly quantitative because it compared scores on quizzes with and 

without a calculator.  The survey collected mostly quantitative data also; very few qualitative 

questions were asked.  The information and scores collected for each student were recorded in a 

Microsoft Excel file, where some initial numerical data were calculated.  Then using statistical 

software such as Minitab, an analysis of variance (ANOVA) was used to test the hypothesis on 

the data collected and a Tukey test evaluated the difference in means. 

Assessment Scoring 

The quizzes were graded out of twenty points on a 0, 1, 2 scale. A problem received full 

credit, 2 points, if the answer was correct; a problem left blank or incorrect received a score of 0 

points.  When a mathematical error was made, such as 6 divided by 3 is 3, with the correct 

process behind the solution, the problem received partial credit, 1 point; another way a problem 

received partial credit was if on problem 3 the student did not reduce the exponent or left the 

answer in scientific notation. 

Survey Scoring 

Most of the survey questions have quantitative responses, where tallies can be easily 

made; this includes question numbers one, two, four, and five.  These questions could have 

similar answers from many students, that is, many students struggled on the same question.   

Questions one, three, and five could be scored qualitatively by finding common themes in 

answers.  For example, in question three, a student could write “3 ∙ 3 ∙ 3 ∙ 3 ∙ 3 ∙ 3 ∙ 3” or 

“multiply 3 seven times,” these would have the same meaning. 

For analysis purposes, the rating scale was changed so that 2 was the easiest and 0 was 

the most difficult.  This change was made so that if a student thought the question was easy, they 
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most likely answered it correctly, and if a student thought the question was difficult, they most 

likely answered it incorrectly or left it blank.  This matches the scoring of the quiz.   

The following results were generated by analyzing student work.    

Results 

According to the data analysis the following results were generated:   

 Result #1: Students scored better on average with the calculator.  Students with a 

calculator scored on average 15.189 points out of 20 while students without a calculator 

scored on average 11.973 points out of 20.   

 Results #2: Students excelled on comparison problems.  The highest averages of all 

the problems came from the comparison problems regardless of calculator access.   

 Result #3: Students either did not understand the directions to leave in simplest 

exponential form or did not follow directions.  A wide variety of solutions were given 

for problem 3.  Some students mixed up the exponent rules, some students multiplied too 

many factors, while some students did not follow the directions to leave in simplest form. 

 Result #4: Students struggled with solving an exponential equation. Problem 6 gave 

students the most issues.  Many students left this problem blank or stopped working mid-

solution.  Others had minor mathematical errors, while some produced major 

mathematical errors.   

Assessment results are described in more detail below followed by survey results. 

Result #1: Students scored better on average with the calculator.   

Overall, students averaged better with the use of a calculator.  Figure 17 shows the mean, 

out of 20, for scores with and without a calculator.  Students scored higher with a calculator 
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(15.2 out of 20) than without a calculator (12.0 out of 20).  Another interesting result is that no 

one received a perfect score without a calculator.   

The average score, out of 2, per problem is shown in Figure 18 for both with and without 

a calculator.  Problem 3 was the only problem to have the same average score for both with and 

without calculator access; the rest of the scores decreased without the use of a calculator. 

Problem 6 had the lowest averages for both with and without a calculator.  When given a 

calculator, problem number 4 did not seem to be an issue, with the highest averages of all the 

problems.    

 Males averaged higher overall than the females, however when broken down by 

calculator access, the females averaged higher with and higher without calculators; a classic 

example of Simpson’s Paradox, as shown in Figure 19.  Simpson’s Paradox happens often in 

statistics; when data is looked at in one way one trend appears but when broken down by another 

factor, the opposite trend appears.   

 

Calculator 

Use 

Problem  

Number 

 Q1 Q2 Q3 Q4a Q4b Q4c Q4d Q5 Q6 Q7 

with 1.351 1.027 1.108 1.946 1.946 1.784 2.000 1.730 0.595 1.595 

without 1.189 0.973 1.108 1.730 1.622 1.405 1.568 0.973 0.162 1.243 

average 1.270 1.00 1.108 1.838 1.784 1.595 1.784 1.351 0.379 1.419 

Figure 17.  Overall scores with and without a calculator. 

Figure 18.  Individual question scores with and without a calculator. 
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Average score per problem decreased significantly without the use of calculators when 

broken down by type of problem.  The largest jump in scores occurs when solving problems.   

Calculator 

Use 

Type of  

Problem 

 Compare Simplify Solve 

With 1.9289 1.1622 1.3063 

Without 1.5811 1.0901 0.7928 

Average 1.7500 1.1261 1.0495 

 

Results #2: Students excelled when asked to compare numbers, regardless of the size of the 

exponent. 

Students excelled at comparing numbers regardless of calculator access.  When asked to 

Calculator 

Use 
Gender 

 Male Female Average 

With 15.100 15.294 15.189 

Without 11.350 12.706 11.973 

Average 14.000 13.225  

Figure 19.  Scores with and without a calculator by gender. 

Figure 20.  Scores with and without a calculator by type of question. 

Figure 21.  Grouping based on type and calculator access. 
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simplify an expression or solve for an unknown, problems arose.  Figure 21 shows, using the 

Tukey Test of Significance, there was a significant difference in overall student scores between 

comparing numbers and the other types of problems.  There was a significant difference in scores 

between solving with and without a calculator; similarly there was a significant difference in 

scores between comparing numbers with and without a calculator.  However, there was no 

significant difference between simplifying with and without a calculator.    

Figure 22 shows very few mistakes were made when comparing numbers regardless of 

calculator access.  The shaded area indicates full credit.  When asked to solve without a 

calculator students made more errors or left the problems blank.  The most partial credit was 

given on the problems that had students simplify an expression.   

 

 

 

Figure 22.  Scores broken down by type and calculator access. 
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Figure 23.  Example of student 

work with calculator access. 

Figure 25.  Example of student work without calculator. 

access. 

Figure 24.  Example of student work 

without calculator access. 

Result #3: Students either did not understand the directions to leave in simplest 

exponential form or did not follow directions.   

Problem 3, “If 𝑛 = 8, what is (2𝑛)𝑛?  Leave in simplest exponential form.” produced 

curious solutions.  Student responses varied widely including (22)4, 2^16, 1.8419, 1664, and 

𝑛64.  The correct answer is 264.  Some of the correct responses that received partial credit, due to 

not following directions were 2568, (28)8, and 1.84 × 1019.  Eleven students who had access to 

a calculator showed signs of using scientific notation.  Signs of scientific notation included 

calculator output of 1.844674407Ε19, rounded correctly as denoted above, and incorrect 

rounding such as 1.8419.  Figures 23-26 show examples of students’ work on problem number 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26.  Example of student work without calculator access. 
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Result #4: Students struggled with solving an exponential equation.  

The sixth problem, 33𝑥+1 = 93𝑥 gave students the most trouble.  Almost 60% of students 

left the problem blank without access to calculator; almost 50% of students with calculator 

access left the problem blank.  Twenty-nine out of 37 students with calculator access and 31 out 

of 37 students without calculator indicated the highest difficulty level on the survey.  Only three 

students without calculators and 9 with calculators gave correct solutions.  Of the 37 students, 12 

students without and 10 with calculators attempted the problem; these students had some sort of 

work on their paper.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27.  Example of student work 

with calculator access. 

Figure 32.  Example of student 

work with calculator access. 

Figure 28.  Example of 

student work without 

calculator access. 
Figure 29.  Example of 

student work without 

calculator access. 

Figure 30.  Example of 

student work without 

calculator access. 

Figure 31.  Example of 

student work with 

calculator access. 
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Figures 27-32 show examples of students work on problem number 6 with incorrect 

solutions.  The student in Figure 27, attempted to use the calculator to simplify ln(9) but stopped 

after that.  The rest of these examples show similar techniques: something about bringing down 

the exponent.  The students in Figure 29 and 32 brought down the exponent even though the 

bases were different.  This is particularly interesting because the student in Figure 29 was not 

granted calculator access, while the student in Figure 32 was allowed a calculator; this shows 

that even though the student in Figure 32 had a calculator, they might not have used it.   

Survey Results: 

 The survey questions were analyzed quantitatively and qualitatively.  Focus was placed 

on students’ majors, self-worth rating, and difficulty rating.    

Major: Average scores based on major were analyzed; results are in Figure 33 below.  It 

was assumed that STEM (Science, Technology, Engineering, and Mathematics) majors would 

score significantly better than non-STEM majors; for the most part, that seemed to be true.   

Figure 33.  Overall scores by major. 
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The interesting scores appear with the Arts majors; the college this study was conducted 

at is known for a rigorous Music program.   

Self-Worth: As expected intuitively, the students who think they are “good math 

students” scored above average on the quizzes, students who think they are “okay math students” 

were about average, and the students who think they are “bad math students” scored below 

average (see Figure 34).  The Figure shows a Main Effects Plot for self-worth and calculator 

access.  The mean overall score with and without calculators use is plotted as a horizontal line.  

The averages of “bad math students”, “okay math students”, “good math students”, calculator 

access, and no calculator access are plotted separately as points on the plane according to their 

mean score.   

 

 

 

Figure 34.  Overall scores by student self-worth and calculator access. 
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Difficulty Ratings: For the most part, the problems the students thought were difficult, 

they scored the worst on; and the problems they thought were easy, they scored the best on.  The 

interesting part is that problems students thought were somewhat difficult, they also did pretty 

well on.  See Figure 35.   Recall, the rating scale was changed so that 2 was the easiest and 0 was 

the most difficult.  The bars represent the difficulty rating, while the sections inside the bars 

represent the score.  The top most section represents a score of 2 out of 2, while the bottom most 

section represents a score of 0 out of 2.  When given the opportunity to comment on the 

difficulty of the problems, students left that portion of the survey blank.   

 

 

 

 

 

Figure 35.  Student scores compared with the difficulty rating. 
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The symbol * in Figure 36 denotes students who did not rank the difficulty of each 

problem on the survey.  Broken down by type of problem, the score and the difficulty rating 

become a little clearer.  There is no partial credit on comparing numbers because those questions 

were graded as either “correct” or “incorrect”.  The rating scales were changed to correspond to 

the potential score: a rating of 0 was the most difficult, potentially earning 0 points and a rating 

of 2 points was the least difficult, potentially earning 2 points.  The highest difficulty rating, of 0, 

was awarded mostly to the solving problems.  Few students rated the other types of problems as 

difficult.  Many students rated the solving problems as the most difficult and received a low 

score on their solutions.  Few students rated the comparing problems the easiest.   

Figure 36.  Student scores compared with the difficulty rating broken down by type of question. 

Chart of the type of question, the score, and the difficulty rating 
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In general, students did the best work when they were allowed to use calculators and 

were answering comparison problems.  Many of the issues students experienced were the result 

of not reading directions carefully.  Any problems that involved more complex use of exponents 

resulted in more frequent errors.   
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Implications for Teaching 

The following implications from these results can be used to improve teaching and 

learning in the classroom.   

Calculators should be used in the classroom, but not as a crutch.  Students should learn 

not to rely on the calculator, but to use their knowledge first before the assistance of the 

calculator.  Teachers usually introduce topics to the students first without a calculator and then 

add the assistance of the calculator after the topic has been mastered.  Teachers should check for 

mastery before introducing the calculator.  One way to do this is to quiz students both with and 

without calculator use in order to help students to become proficient in exponents without relying 

on the calculator.   

Students learn the fundamentals of mathematical topics in Middle School.  If the 

fundamentals are skimmed over, the students might not see them again for several years, which 

leads to the lack of retention.  This is an issue in any course that builds on basic ideas throughout 

schooling.  Only topics that appear and emphasized each year are retained.  One way to remedy 

this is for teachers to spiral exponents and other difficult concepts into warm-ups, homework, 

and tickets out the door.  This way the students are exposed to concepts they are not comfortable 

with constantly.   

Teachers need to emphasize reading directions before attempting a solution.  Sometimes 

students jump head first into a problem, rather than testing the water first; in word problems, 

students see numbers, write them down, perform mathematical operations, without reading the 

whole problem.  A great way for teachers to work on slowing students down is to have the 

students complete KWHL charts.  KWHL charts are a way for students to organize the problem 

before they start a solution.  They answer the questions “What do I Know?”, “What do I Want to 
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know?”, “How do I find out?”, and finally “What have I Learned?”  This idea comes from 

Polya’s Four Stages for Problem Solving: 1. Understand the problem.  2. Devise a plan.  3. Carry 

out the plan.  4. Look back.  This problem-solving strategy is also another great way to have 

students organize their thoughts before jumping into a solution.  

Suggestions for Future Research 

There are several ideas that could be implemented to improve this study.  As always, the 

sample size could be increased.  Working with students from various colleges, located in 

different areas (urban, suburban, and rural) could generate different data.   

One idea that could potentially change the data is to teach a unit on exponents and 

logarithms before giving the quiz; a researcher could give the quiz several weeks after the unit to 

rid of fresh knowledge and find out what was retained over that time period.  I chose not to do 

this so the data were not affected by my teaching skills and I was not the instructor for both 

sections of the course used.  Comparing middle school, high school, and college students could 

lead to an interesting analysis.   

Another idea that could lead to fascinating results is comparing the scores of non-

mathematics majors with mathematics majors.  This could be best when the mathematics majors 

have not seen exponents or exponential functions for a while; this puts them in a similar mindset 

as non-mathematics majors who have not been exposed to exponents or exponential functions in 

a while.   

Concluding Remarks 

Although students scored better with calculator access, most of the problems on this quiz 

could be answered easily without a calculator. Students seem to be relying on the calculator for 

assistance even though the problem might not require its use.   
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One reason students might not have answered these problems to the best of their ability  

is because they might not have seen some of the material for at least a year; there were several 

seniors, even one non-traditional student, which could mean many years of a “math gap”.   This 

would explain most of the issues with solving exponential equations.  This topic is not readily 

used in daily life.   
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TO:  Students of SUNY Fredonia MATH 108 

FROM:  Miss Mabra Karpie 

DATE:  3/11/13 

RE:  Consent Form 

 

 Purpose, Procedures, and Benefits 
 

 Purpose: This research project will look at how dependent students are on their calculators specifically 

when computing with exponents. 

 

 Procedures: Students will be given a worksheet to be completed twice, once with and once without a 

calculator.  The investigator will compare the scores of each student.  After the each worksheet is 

completed students will be asked to complete a survey to help better explain how a solution was 

obtained for each question on the worksheet. 

 

 Benefits: Through this study, I hope to determine how dependent students are on a calculator.  This is 

an important study because it will help me and other teachers design better lessons so that students are 

not always relying on the calculator. 

 

Related Information 
 

 You have been asked to be in this study because you are enrolled in MATH 108, Prize-Winning 

Mathematics. 

 

 Protecting Confidentiality: your name or any identifying features will not be used in any materials 

related to this project.  Each student will be assigned a number for comparison purposes.   

 

 Participation in this study is voluntary; you are free to withdraw from the study at any time with no 

associated penalty. 

 

 Data will be collected from the graded worksheets, the completed surveys, and qualitative observations 

made during the study.  

 

 There are no anticipated risks to the students.  This study deals with routine teaching practices.  There is 

no threat of medical or professional intervention while participating in this study.  The safety of the 

students will be maintained per common university practice, and is not likely to be impacted by the 

study.   

 

 Potential benefit to you will be to receive more effective teaching strategies. 

 

 There is no cost to you for participating in this research study.   

 

 If you need any additional information, please feel free to contact me by phone at 716-673-3246 or by 

email at Mabra.Karpie@fredonia.edu  

 

 You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by phone at 716-673-

3873; or by email at Keary.Howard@fredonia.edu  

 

 You may also contact the Human Subjects Protection Administrator, Maggie Bryan-Peterson, at SUNY 

Fredonia if you have any other questions about the study at 716-673-3528; or by email at 

Maggie.Bryan-Peterson@fredonia.edu  
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STUDENT CONSENT FORM 

SUNY Fredonia 

 

Principal Investigator: Mabra Karpie  

Mabra is currently a graduate student at SUNY Fredonia studying Adolescent Mathematics 

Education.  She is a graduate assistant in the Mathematical Sciences department at SUNY 

Fredonia.  She is teaching Prize-Winning Mathematics (MATH 108-02).   

Dr. Keary Howard is the faculty sponsor for Mabra Karpie.   

 

Any confidential materials will be kept in a locked cabinet, to which the principal investigator 

has the only key.  All material will be destroyed in August of 2013. 

 

 

Voluntary Consent: I have read this memo.  My signature below indicates that I freely agree to 

participate in this study.  I understand I may withdraw without penalty from the study at any 

time, I understand that my confidentiality will be maintained.  I understand that if I have any 

questions about the study I can email Miss Karpie at mabra.karpie@fredonia.edu.  

 

 

Student name (please print): ___________________________________________________ 

 

 

Student signature: ___________________________________________________________ 

 

 

Date: __________________________ 
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CALCULATOR DEPENDENCY AND OPERATIONS KARPIE 49 

Name_______________________________    Date____________    Calculator or No Calculator  

Survey 

 

1. On a scale of 1-3, rate the difficulty of each problem, with 1 being least difficult and 3 being 

most difficult.  If necessary, explain why the problem you thought was difficult. 

 

 

Put in simplest form. 

  

1.   (𝑛12 )3 

 

 

 

2.   𝑛2 𝑛8 

 

  

 

3.   If 𝑛 = 8, what is (2𝑛 )𝑛?  Leave in simplest exponential form. 

  

 

 

4.   Fill in the blank with <,>, or = to make the statement true: 

 

 

       37_______ 73 

 

 

       24_______42 

 

 

       63_______44 

 

 

       35_______53 

 

Solve for 𝑥 

5.    2𝑥 = 1024 

 

 

 

6.    33𝑥+1 = 93𝑥 

 

 

 

7.    10 ∙ 5𝑥 = 250 

 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 

1        2        3 
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2. List the questions you did not remember how to do or just guessed on. 

 

 

 

 

 

3. How did you/could you figure out what  37 was without a calculator? 

 

 

 

 

 

4. What question(s) was the calculator most helpful on?  Least helpful? 

 

 

 

 

 

5. For question number five, did you guess and check or use the rules of exponentials and/or 

logarithms?   

 

 

 

Background Information: 

Major(s, and minors) ___________________________________________________________ 

 

 

Most recent math class (other than MATH 108) ______________________________________ 

 

 

Number of math classes taken at the collegiate level __________ 

If any, names of the classes ______________________________________________________ 

 

Number of years in college ___________ 

 

Do you think you are a “good math student”, a “bad math student” or an “okay math student?   

Explain  

 

 

 

 

Hometown and Home County ____________________________________________________ 

 

 

Do you have any previous degrees? _________ 

If so, list what and from where_____________________________________________________ 


