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Abstract 

 

Understanding the concept of mathematical variables gives an opportunity to expand and 

work on high-level mathematics.  This study examined college students’ comprehension 

of variables as well as variable use in well-known mathematics formulas. These formulas 

consist of the Pythagorean Theorem, slope, as well as the y-intercept.  Students were 

asked to complete a ten-problem quiz in a twenty minute time frame.  Immediately 

following the quiz students were asked to complete a five question survey in which they 

described their reactions to the quiz and their knowledge of variables.  Similarly 15 high 

school mathematics teachers were given a survey on their reflection of their students’ 

knowledge of variables.  The results of the quiz and surveys were collected and analyzed 

to determine if any correlations existed.  The data collected showed that there was a 

strong indication of variable misunderstanding by college level mathematics students.   
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“Knowledge needs to be presented to, or accessed by, students through a variety of means, 

enabling them to construct the knowledge and make sense of it, and then transform it” (Perso, 

2007,p. 6) 

Introduction 

 The concept of variables is one of the elemental mathematics topics that are essential to 

higher level thinking.  Beginning with algebra at the high school level, understanding of the 

concept of variables is an important foundation that extends to all higher-level mathematics. Not 

only are variables a fundamental topic that plays a key aspect in algebra, they are necessary to 

understand mathematics material.  Understanding the concept of mathematics variables gives an 

opportunity to expand and work on higher level mathematics such as functions and equations 

(McNeil, Weinberg, Hattikudur, Stephens, Asquith, Knuth, & Alibali, 2010). 

 I became interested in this research topic during my first student teaching placement 

while observing how students reacted to problems that involve variables. As I began teaching my 

Algebra I class I was shocked to discover that most students did not understand how to solve for 

a leg in a right triangle if the problem did not have the basic variables a, b, and, c. I began to 

ponder and research the reasoning behind the high schools students‟ misunderstandings of 

variables.  After synthesizing research data, the reason became apparent; students did not 

understand variables.  To test my inquiry I began testing my students at random.  When asked to 

explain the Pythagorean Theorem students could provide the formula for the theorem,       

  , with little difficulty but could not explain what the Pythagorean Theorem was in context.  I 

pondered if this reaction would hold with other well known mathematics formulas such as slope 

and y-intercept. 
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 As I sought more information on students‟ reactions to variables all the data collected 

came back with the same conclusion; variables are important.  Students need variables in all 

mathematical subjects in high school and college level classrooms (Dede, 2004).  Variable 

understanding not only helps students to complete assessment assignments such as tests and 

quizzes, but to comprehend future higher level mathematics courses and everyday life skills 

(Stephens, 2005).  Due to this knowledge of the importance of variables I began to think of a 

way to test my thoughts. 

 Therefore, the purpose of this study focuses on challenging students by changing or 

rearranging variables in mathematics formulas.  This study will verify that students do not have 

the basic knowledge of mathematics variables needed for higher order thinking.  

 It is hypothesized that high school and college students lack the mathematical 

understanding of variables to correctly answer variable related problems.  Furthermore it is 

expected that students will score lower on identical problems when the variables are re-named 

or re-labeled. For instance, students will have the most difficulty if variables are re-named or re-

labeled in the Pythagorean Theorem and the slope/intercept formula.  

 I tested this hypothesis by giving a ten problem quiz on the basic mathematics formulas 

stated in the hypothesis as well as challenging variable comprehension problems to college level 

students.  The study was given to college level students in an entry level mathematics course to 

determine their knowledge level right after high school.  It is of interest to note that the quiz 

given in this study was reviewed and revised by three professors. To hinder students from 

discovering what the intentions of the quiz were control problems were added.  Furthermore the 

control problems were used to discover the knowledge base of the participants on the given 

content.  The quizzes were collected and graded out of a predetermined 20 point scale (See 
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Appendix B).  In furthering my hypothesis, a survey was administered to the students once the 

quizzes were completed.  The survey was used to assess students‟ knowledge on variables as 

well as their reaction to the test.  Furthermore, a survey of fifteen high school teachers was given 

to further data collection.  The survey given to the teachers consisted of questions to determine 

what the teachers believe was their students‟ knowledge of variables.  This research is intended 

to emphasize the misunderstanding of variables in college students as to further educational 

understanding. Variables are key aspects in learning mathematics topics, therefore, it is of the 

utmost importance to determine why students encounter variable misunderstanding.  

Misunderstanding for students starts in the very beginning from when they first learn of 

mathematics topics and look at different textbooks. 

 

 Literature Review 

 

 Algebra is the foundation that expands a student‟s knowledge to higher order 

mathematics. The National Council of Teachers of Mathematics (NCTM, 2000) has stated that 

the prerequisites for achieving performing well in algebra is an understanding of what a variable 

is and what the symbols represent in mathematics problems.  Hence, mathematics variables are 

an important aspect of mathematics content in today‟s classrooms.   

 To conduct this literature review, previous empirical research related to the hypothesis 

was researched and reviewed.  Therefore, the purpose of this literature review was to examine 

research pertaining to variables and college-level students‟ understanding of variables.  This 

research examined different ways that students struggle with what variables represent and how 

they are used. To clarify the purpose of this experiment, this literature review included an in-
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depth background of the history of variables and the formulas mentioned above.  Furthermore 

this literature review examines how the material is taught in high school mathematics classrooms 

based on information in several textbooks.  The various textbook approaches were examined in 

how the formulas mentioned above are represented and used.  In addition, this literature review 

contains a review of mathematics concepts in New York State assessment workbooks.  To 

conclude, information gained from empirical studies and articles is reviewed. 

History of the Pythagorean Theorem 

 The Pythagorean theorem takes its name from the ancient Greek mathematician 

Pythagoras. However, it has been discovered by researchers that Pythagoras may not have been 

the first to notice the relationship between the sides of a right triangle.  For instance, there are 

ancient day tablets (Plimpton 322) created by Babylonians in the second millennium B.C. that 

depict rules for generating Pythagorean triples (Maor, 2007). Furthermore, the tablets indicated 

that the Babylonions had an approximation of    accurate to five decimal places (Maor, 2007).  

Similarly, Chou Pei Saun Ching made a geometric demonstration of the Pythagorean theorem 

sometime during 500-200 B.C.  Lastly, in 800-600 B.C. there is evidence of the Pythagorean 

theorem used in the history of Indian mathematicians (Kaplan, 2011). Chinese and Indian people 

were even known to “make right angles by stretching ropes knotted in lengths 3, 4, and 5” 

(Kaplan, 2011, p. 4) 

 Pythagoras, however, is the mathematician who made the theorem famous and “the 

history and methods of proof of the Pythagorean theorem, are to this day, of great interest to the 

mathematical mind” (Percy & Carr, 2010, p. 9)   There are currently four hundred proofs of the 

theorem which continue to grow.  Interestingly many people associate the Pythagorean theorem 

with algebra however Pythagoras himself linked the theorem to a geometric statement about 
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areas (Maor, 2007).  The idea that the theorem was linked to modern algebra did not come 

around until 1600 CE (Maor, 2007). The Pythagorean theorem has lead to many accomplishes in 

the history of mathematics and continues to do so today.  The fact remains true however that the 

Pythagorean theorem is a foundation stone of mathematics.  As with any important mathematics 

topic there is an importance of understanding the topic by knowing the topics history.  The 

Pythagorean theorem opens many doors to mathematic comprehension and students should have 

a basic understanding.  An understanding of important mathematics topic‟s history can 

implement a stronger understanding of the topic.  This equation can be found in many articles 

and journals however the most common place to find this formula is in mathematics textbooks. 

Textbook Approaches to Teaching the Pythagorean Theorem 

 Textbooks are the foundation for information taught to students and where students often 

go for help with difficult problems.  The Pythagorean Theorem is one of the most renowned 

formulas in mathematics classrooms.  Students will often learn the formula in their textbooks 

specifically as          (Charles, Hall, Kennedy, Bellman, Bragg, Handlin,…, Wiggins, 

2010; Gantert, 2007; Green, 2010; Kaplan, 2007 & 2011;  Nigro, O‟Reilly & Richko, 2000; 

Oppenzato, 2011; Primiani & Caroscio, 2011; Petroni-McMullen, 2011). 

 It is of interest to the reader to note that all the textbooks reviewed in this literature 

review begin teaching the Pythagorean Theorem in a similar fashion.  Charles, Hall, Kennedy, 

Bellman, Bragg, Handlin,…, Wiggins (2011) introduce the Pythagorean Theorem by beginning 

with a presentation of an area problem (Figure 1).   

 

 

 

 
Figure 1: Textbook Image of Pythagorean Theorem introduction. Adapted from Integrated Algebra ( p. 600) 

by Charles, Hall, Kennedy, Bellman, Bragg, Handlin,…Wiggins, 2011, Upper Saddle River, NJ: Pearson. 

Reprinted with permission. 
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This textbook approach encourages students to look at the theorem in a matter of area and not as 

three specific variables, a, b, and c in a mathematics formula.  

 This concept is contradictory compared to how many other textbooks, like Gantert 

(2007), introduce the Pythagorean Theorem; for example, many textbooks introduce the theorem 

in a lengthy written description (Figure 2).  This type of introduction found in these textbooks 

does not encourage students to learn what the Pythagorean Theorem represents and how the 

variables in the theorem are used.   

 

 

 

 

 

 

  

 

 

 

 Even with different introductions of the Pythagorean Theorem textbooks continue to have 

examples and problems with the same basic principle for the theorem; the variables are always a, 

b, and c. The authors of 

 Even with different introductions of the Pythagorean Theorem textbooks continue to have 

examples and problems with the same basic principle for the theorem; the variables are always a, 

b, and c.  The authors of the textbooks reviewed do not go into detail on what each variable 

 
Figure 2. Textbook image of Pythagorean theorem introduction. Adapted from AMSCO Integrated 

Algebra I (p. ) by Ganter, A. X., 2007, New York, NY: AMSCO School. Reprinted with 

permission. 
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represents in the right triangle and how they are used in multiple examples.  Throughout the 

examples given the variables are always the same with no further instruction on what the 

variables represent.  

 It is well known that mathematical concepts need to be refreshed and often used to 

develop a deeper meaning of the mathematical material; the Pythagorean Theorem is no 

exception.  Students need to be challenged with what formulas represent and how they are used 

to expand their mathematics knowledge.  Using challenging problems is a key element that will 

encourage higher order thinking. That is why the textbooks that follow a similar type of 

instruction only help to encumber a student‟s ability to have a wide range of mathematics 

knowledge.   

 Thus it is impressive that Gantert (2007) does include four examples in which the 

variable x is used in the Pythagorean Theorem. These problems help to challenge students in 

mathematics classrooms; unfortunately four examples is not an adequate number for a textbook 

chapter dedicated to the Pythagorean Theorem. Furthermore, none of the authors mentioned 

changing the order of the variables throughout the entirety of the lesson.  In the textbooks 

reviewed the variables a and b represented the legs and c represented the hypotenuse of a right 

triangle. Students do not receive the full understanding of the Pythagorean Theorem when the 

“letters” used are emphasized as the most important concept behind the lesson.  Students learn to 

memorize letters when they are asked to find what c is or what a is in a triangle instead of 

understanding what the problem asks them to determine. Textbooks are intended to be used to 

expand students‟ knowledge and understanding of mathematics content as well as the workbooks 

that accompany them. Unfortunately this is not always true for current mathematical textbooks. 
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The same misunderstandings and misconceptions found in mathematics textbooks can easily be 

seen when one compares the information to that found in the accompany workbooks.  

 Workbooks are often used to reestablish mathematical material learned in the students‟ 

textbooks yet the workbooks studied in this literature review only gave a brief review, if any.  

Furthermore workbooks are expected to include problems that will make students rethink what 

they have learned as well as link important concepts together.  However, the workbooks 

reviewed in this research do not expand the students‟ knowledge.  In the mathematical 

workbooks written by Green (2010), Kaplan (2007) and (2010), Nigro, O‟Reilly and Richko 

(2000), Oppenzato and Petroni-McMullen (2001), the Pythagorean Theorem is given to students 

with the same variables as in mathematics textbooks.   These workbooks introduce the 

Pythagorean Theorem but not the concept of how to use the variables so that the reader can 

comprehend the material.  

 The workbook written by Green (2010) introduces the variables a, b, and c, as the sides 

of the triangles (Figure 3).  It is rather disappointing that the students are not taught in the 

workbook to identify  

which side of the triangle 

is the leg or the  

hypotenuse besides the 

basic fact that c is the 

hypotenuse, and a and b 

 are the legs.  Instead the students are taught “mechanically” to find a, b, or c from various 

examples in the workbooks. 

 
Figure 3 Textbook image of Pythagorean content. Adapted from New York State 

Coach Empire Edition; Mathematics, Grade 7(p. 131) by Green, R., 2010, New York, 

NY: Triumph Learning. Reprinted with permission.  
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 Of all the textbooks and workbooks examined for this literature review Kaplan (2007) is 

the only author to use an example with different variables.  Unfortunately, this example is only 

used to find the basic concepts of the triangle, for instance what are the legs and what is the 

hypotenuse (Figure 4).  This example, if used in context, would be a great way to expand student 

understanding of the concept of the Pythagorean Theorem.  The workbook continues with 

different problems but  

Kaplan (2007) does not determine if  

a triangle is a right triangle with any  

other variables besides a, b, and c.  

If there were more examples  

similar to  Kaplan‟s (2007)  

students‟ minds and understanding of variables will improve not only on variables but on the 

Pythagorean Theorem as well.  Challenging students allows them to become prepared to take 

upper level mathematics courses where this type of thinking is expected.   

 To encourage higher-level mathematical thinking variables should be associated with a 

concept, not memorized for a specific formula. Thus, when compared to other workbooks, the 

workbook written by Nigro, O‟Reilly and Richko(2000) has the poorest explanation due to the 

fact that the workbook has a short and almost nonexistent explanation on what the Pythagorean 

Theorem is and how it is used.  Workbooks are not always intended to be the source of 

knowledge for students in mathematics, however, using a workbook is intended to enhance the 

readers‟ concept of the material (Oppenzato, 2011; Petroni-McMullen, 2011; Primiani and 

Caroscio, 2011).   

 
Figure 4 Textbook image of a right triangle. Adapted from New York 

State Coach March-to-March Edition (p. 319) by Kaplan, J. D., 2007, 

New York, NY: Triumph Learning 
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 The authors of these workbooks enhance students‟ learning by reinstating what was 

learned in the classroom from the students‟ textbooks. The material in the workbooks may not 

give an in-depth explanation of what variables represent and how they are used but the 

workbooks should still support the textbook information.   It is of interest to the reader to note 

that the workbooks still use the same variables in the examples (Figure 5) even though research 

has been proven that students learn better when variables are not memorized or repeated 

(McNeil, Weinberg, Hattikudur, Stephens, Asquith,…,& Alibali, 2010).  The Pythagorean 

Theorem is just one of many mathematics formulas where variables are not truly taught but 

memorized or explained briefly.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Figure 5 Textbook image of a workbook introduction to Pythagorean theorem. Adapted from Crosswalk 

Coach for the Common Core State Standards; Mathematics Grade 8 (p. 78) by Oppenzato, C. O., 2011, 

New York, NY: Triumph Learning. 
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History of Slope and y-intercept 

 In many mathematics classrooms there is a student that asks the typical, “Why is m used 

for slope, and b used for y-intercept?”  Teachers may then reply with various reasons form, 

“because I said so” to “it is the Latin work for slope.”  What is interesting to note is that there is 

no reason behind the choice of m for slope and b for y-intercept.  Slope itself is derived from the 

Latin root slupan for slip.   Some historians relate m being used as slope due to the French word 

monter which means “to climb” or modulus of slope.”  Similarly some historians believe that due 

to the two-intercept form,     
 

    , b was chosen for y-intercept because it was the second 

letter of the alphabet (Merzbach & Boyer, 2011). 

 The earliest known use of m for slope appears in Vincenzo Riccati‟s memoir De methodo 

Hermanni ad locos geometricos resolvendos, in 1757.  The variable m was also seen in 1842 by 

Matthew O‟Brien (Smith, 200).  The modern point-slope form of the straight line is given 

explicitly, perhaps for the first time by C. B. Boyer in his History of Analytic Geometry.  

Similarly George Salmon, an Irish mathematician, used y = mx + b in his A Treatise on Conic 

Sections, in 1848 (Smith, 200). In the end there is no rhyme or reason why m and b are used for 

slope and y-intercept.  However the concept behind the variables is the most important aspect.  

The variables are not what makes the slope-intercept form but rather what they stand for.  

However textbooks continue to concentrate on using specific variables for different formulas. 

Textbook Approaches to Teaching Slope and y-intercept 

 Slope and y-intercept are other well-known high school mathematics concepts that are 

identified for their variables, not for their context.  Many students, when prompted, would be 

able to state what variables are used to represent slope and y-intercept but not what the variables 

mean in context.  Based on the research slope and y-intercept can be introduced in a variety of 
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ways in mathematics textbooks.  Most textbooks introduce slope and y-intercept through a linear 

procession of facts related to slope and y-intercept.  Textbooks published by Pearson introduce 

slope and y-intercept by teaching through graphical examples.  As shown in Figure 6, textbooks 

continue by introducing the concept of slope-intercept form where m represents slope and b 

represents y-intercept.  Figures 7 and 8  

 illustrate what variables represents 

slope and y-intercept in the slope-intercept form.   

Note that the variables used to represent slope  

and y-intercept are the same in all the textbooks 

 reviewed.  Charles, Hall, Kennedy, 

Bellman, Bragg, Handlin,…, Wiggins (2011)  

used the same procedural introduction to slope  

and y-intercept form.  Their textbook continues  

using the variable m as slope and the  variable  b 

as y-intercept when introducing point-slope form. 

 Variables in mathematics textbooks are  

similarly represented even as stated before research 

has been proven that varying  variables helps  

students correctly complete mathematics problems. 

Charles, Hall, Kennedy, Bellman, Bragg,  

Handlin,…, Wiggins  (2011) state that “the equation  

of a line in point-slope form through point          

 
Figure 6. Textbook Image of Slope-intercept 

introduction. Adapted from Integrated Algebra 2 ( p. 

83) by Charles, et al., 2011, Upper Saddle River, NJ: 

Pearson. Reprinted with permission. 

 
Figure .7 Textbook image of slope-intercept 

lesson. Adapted from AMSCO Integrated Algebra 

I (p. 368) by Ganter, A. X., 2007, New York, NY: 

AMSCO School. Reprinted with permission. 

 
Figure 8. Textbook image of slope-intercept formula. 

Adapted from Integrated Algebra 2 ( p. 306) by 

Charles, et al., 2011, Upper Saddle River, NJ: 

Pearson. Reprinted with permission. 
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with slope m” (p. 306).  The authors then give examples that have the students solve for the slope 

and y-intercept using the variables in the slope-intercept form.  The authors do not challenge the 

students to use high level mathematical thinking by solving for slope and y-intercept without 

rearranging the given equation into the slope-intercept form. 

 In the textbook written by Gantert (2007), the author asks students to “find the slope and 

the y-intercept of the line that is the graph of the equation” (p. 368).  As seen in Figure 9 students 

are continuously taught that m means slope and b is the y-intercept.  In this example students 

are taught that the coefficient of x is the slope 

and that the constant term is the y-intercept. 

Gantert (2007) explains to the students where  

the information is found in the slope-intercept  

form.  Unfortunately this is the only time  

this explanation is used.  Further on in the  

textbook the reader is asked to solve problems using the variables m and b instead for restating 

that the reader should look for the coefficient and the constant.  Students are not taught to learn 

slope and y-intercept with any variety of the variables.   

 In contrast to the other textbooks reviewed, Primiani and Caroscio (2011) introduce slope 

and y-intercept with a graphical example (Figure 10) and give the slope-intercept form 

immediately.  Continuing the pattern of the previous textbooks reviewed, the authors use m and b 

for slope and y-intercept consecutively throughout the text. When comparing two different 

slopes the authors choose not to change the 

variables instead they insist on using subscripts.   

This may cause confusion in students‟  

 
Figure 9. Textbook image of slope-intercept example. 

Adapted from AMSCO Integrated Algebra I (p. 368) by 

Ganter, A. X., 2007, New York, NY: AMSCO School. 

Reprinted with permission. 

 

 
Figure 7. Textbook image of slope-intercept formula. Adapted 

from Integrated Algebra 2 ( p. 83) by Charles, et al., 2011, Upper 

Saddle River, NJ: Pearson. Reprinted with permission. 
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understanding of which slope coincides with what equation.  Changing variables so that they are 

not something students can rely on is something that needs to be researched in today‟s society. 

Variables are something students have always struggled to understand when variables are paired 

with mathematical content like the Pythagorean Theorem. 

History of Variables 

 The fact that variables were not used for a wide part of mathematics history is not widely 

known by many people.  The Egyptians did have some notation but modern use of variables did 

not come until later.  It was not until the 16
th

 century that a mathematician named Francois Vieta 

introduced the concept of mathematics variables (Cajori, 2011). With Vieta‟s introduction of 

literal coefficients for variables and unknowns, mathematicians were now able to solve equations 

in a non-numeric way.  Mathematic notation moved quickly throughout the mathematics world 

jump starting the invention of square roots and the algebraic notation seen in classrooms.  

Francois Veita is not the only mathematician credited for using variables. 

 William Oughtred is credited for using the „x‟ as a symbol for multiplication in his 1631 

Clavis mathematicae. (Stallings, 2000).  Oughtred‟s symbol was criticized by Gottfried Leibniz, 

because it was viewed as too similar to the letter x.  In replacement Leibniz suggested the dot to 

use for multiplication (Stallings, 2000).  Leibniz is a main contributor to modern algebraic 

notation for his work with variables.  He was the first to use the letter d to indicate 

differentiation, create the integral symbol and create the notations used most often today (Cajori, 

2011).  Gramelsberger (2011) stated that variables “enable a symbol-centered use without extra-

symbolic reference and therefore abandoning representation” (p. 301).  This simply states that 

avoiding unnecessary wording and symbolization allows for mathematicians and even scientist 
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to focus on topic at hand.  Variables have become the basics in mathematics classrooms.  If one 

looks at any mathematics textbook variables will be included in the content 

Research with Variables 

 Variables in algebraic thinking occur in a person‟s everyday life, in mathematics 

classrooms to finding how much food one can buy with a specific amount of money.  Variables 

are important to student knowledge however students in mathematics classrooms experience 

difficulty in comprehending as well as interpreting symbolic notation (variables). The fact that 

algebra is the key to understanding in academics, business, and higher level mathematics courses 

makes it important to effectively teach variables in the mathematics classroom. 

 Dede (2004) conducted a study to determine the difficulties students experience with the 

concept of the variable. Variables have constantly been included in algebra, however, according 

to various students, the concept of the variable has been rarely discussed.  According to Dede 

(2004) the fact that variables are rarely discussed “causes lack of students‟ understanding about 

what actually this concept means” (p. 51).  Therefore, Dede (2004) created a study to investigate 

the learning difficulties students face about the concept of variables in various scenarios.  This 

qualitative and quantitative study was conducted in a private prep school in Turkey with 120 

eighth-grade students ranging in age from fourteen to fifteen years old.  The participants were 

given 17 open-ended problems.  The “Variable Test” (p. 52) administered to the participants, 

contained items used to measure the students‟ levels of understanding of the concept of 

variables.   

 The “Variable Test” was graded by giving one point for a correct answer and an incorrect 

answer received a score of zero.  Comparing the results of the data collection indicated that 

having a concept of variables helps students to overcome various difficulties that they may 
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encounter in their mathematical courses specifically in learning functions. The participants‟ 

answers were analyzed in detail based on how the problems were solved. The findings of this 

study conducted by Dede (2004) showed that students do not understand the concept of what a 

variable represents and functionally what it does.  The participants, as a group had difficulties 

learning the concept of a variable; specifically, “they especially failed to make generalizations 

and abstractions with the help of variables” (Dede, 2004, p. 56). When faced with a difficult 

problem, students typically try to transfer previous knowledge onto the current problem.  This is 

a great concept for truly understanding mathematics, however, when the transferred knowledge 

is not well known or students are not confident in the information new problems can arise. 

Therefore, it is all the more important that students develop an understanding of variables. 

A similar qualitative and quantitative study to Dede‟s completed by Stephens (2005) was 

designed to test participants‟ understanding of variables.  Stephens believed that there is a need 

for “educators to view algebra not as an isolated course but as a continuous K-12 strand that is 

present throughout the entire mathematics curriculum” (p. 96). Students experience difficulty 

when operating with algebraic variables as different quantities rather than specific numbers.  

Stephens researched the above problem by giving out sample problems to 371 suburban middle 

school students.  Stephens asked the students the following problem “Is             

always, sometimes, or never true?” (p. 96).  

 The data collected indicated that 27% of the sixth-grade students tested had the correct 

response of „sometimes‟.  Similarly 36.8% of seventh-grade students responded correctly.  A 

statistically significant number of the students (34.4% of sixth-graders, and 30.7% of seventh-

graders) gave the incorrect response of „never true‟.  The students seemed to hold to the 

conviction that this statement must be false due to the fact that two letters cannot represent the 
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same number (Stephens, 2005).  This was determined when the researcher asked students why 

they responded with their answer as well as they examined at the responses students were 

required to put along with their answers.  Students believed that if a letter represents a specific 

number then another letter cannot stand for that same number.  Stephens went further to test her 

hypothesis that students lack an understanding of variables by posing the following problem to 

fifteen sixth- through eighth-grade teachers, “Ricardo has 8 pet mice.  He keeps them in two 

cages that are connected so that the mice can go back and forth between the cages.  One of the 

cages is blue, and the other is green.  Show all the ways the 8 mice can be in the two cages” (p. 

98). 

 The teachers were then asked to solve the problem in their own way and share their 

solutions.  Many teachers solved the posed problem by using a systematic table illustrating all 

the possibilities.  The researcher then observed three of these teachers‟ classrooms where the 

same problem posed to the teachers was given to the students.  The students were asked to 

complete the problem on a sheet of paper and once they were done to bring to the teacher to have 

it reviewed.  One student from Mrs. Rowley‟s class was able to discover a mathematical 

equation that represented the ways the mice could go into the two houses.  After being prompted 

by Ms. Folberg, three students were able to create a mathematical equation from graphical data.  

Lastly, none of the students in Ms. Tuttle‟s class had enough knowledge base or understanding 

of variables to produce an equation (Stephens, 2005). 

  After the data was collected from both parts of this research it was determined that 

symbolic representation of different mathematical problems emphasized students‟ ability to 

comprehend and become skilled at understanding variables (Stephens, 2005).  The symbolic 

representation consisted of possible solutions of where the mice could be in two different cages.  
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The teachers then prompted their students to discover different ways to illustrate the problem.  

Some students made graphs and then using variables produced an equation.  This research was 

conducted to illustrate to students an understanding of  the concept that similar variables can 

represent the same quality.  Stephens found that students experience difficulty with variables 

when determining what the variables represent in the problem.  Once the students completed the 

problem posed to them, they began to understand “that it is possible for two different variables 

within an equation to take on the same numerical values” (Stephens, 2005, p. 99).  Stephen‟s 

(2005) research and follow ups with teachers indicated that learning that two variables can 

represent the same numerical values greatly decreased students‟ misconceptions of variables.  

The students no longer had misconceptions about variables quite as often as the teachers‟ 

students who did not participate in Stephen‟s research.   

 Past research has determined that the teacher‟s knowledge of the specific subject or 

concept being taught has implications on what the students will take away from the information.  

Stephens (2005) noticed that students‟ misconceptions about variables include viewing them as 

abbreviations or labels instead of representations for quantities.  Hence it can be determined that 

student misunderstanding of variables is hindering their learning in multiply ways.  It then 

becomes apparent that students learn better when using mnemonic symbols or not. 

Furthering this research on variables, a study by McNeil, Weinberg, Hattikudur, 

Stephens, Asquith, Knuth, and Alibali (2010) investigated if mnemonic symbols (variables) 

hinder the interpretation of algebraic expressions. Students tend to treat the literal symbols as 

labels for the entities being used, for example that s represents shoes, instead of a function.   The 

researcher states that teachers tend to us “blanket endorsement” (p 626) (an endorsement that is 

all-encompassing including all aspects of a topic) when making mathematics have a more real 
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world aspect.  This approach can hinder students‟ concepts of basic information that will 

encourage and support higher level thinking.  To test their hypothesis the researchers examined a 

group of participants consisted of 110 sixth-grade students, 119 seventh-grade students, and 93 

eighth-grade students, from a public middle school in the Midwestern United States.  Of the 

participants 70% to 80% scored at or above “proficient” on the mathematics section of the state 

standardized test that is given out yearly.  This particular study presented the group of 

participants with the following problem “Cakes cost c dollars each and brownies cost b dollars 

each.  Suppose I buy 4 cakes and 3 brownies.  What does       stand for?” (McNeil, 

Weinberg, Hattikudur, Stephens, Asquith, Knuth, and Alibali, 2010, p. 627) 

 The variables used to represent cost of the cakes and brownies in dollars were changed 

into two different sets of variables.  For instance, x, c, and   all represented the cost of cake in 

dollars.  Similarly, y, b, and   all represented the cost of cake in dollars (McNeil, et al., 2010). 

The students‟ responses were then coded in terms of whether they were correct or incorrect.  For 

every correct response students were given extra credit if they indicated that the letters stood for 

the cost or price of the cakes and brownies.  Incorrect answers were discussed based on whether 

students interpreted the literal symbols for the objects in the problems, for instance c represents 

cakes, instead of the price of the objects.  

The research indicated that “performance was better when the symbols used in the 

expression were not mnemonically related to the objects then when the symbols were 

mnemonically related to the objects” (McNeil, et al., 2010, p. 631).  It was also found that there 

are a variety of reasons students may have difficulty with mnemonic symbols (variables).  For 

instance, prior experience with the letters used for the variables can cause a hindrance.  

Similarly, students may be drawn to superficial aspects of the problem instead of the relevant 
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material when using mnemonic aspects.  Lastly, McNeil et al. (2010) discovered that students 

may have been exposed to mathematics teaching and information that is misleading or even 

incorrect. Students learn at an early age to associate the first letter with an object, for instance A 

is for apple and B is for baby. Hence it was discovered that “letters-as-labels interpretation is 

fairly well established before students start learning about letters as variables in middle schools” 

(McNeil et al., 2010, p. 631).  Along with the results of this study it was discovered that 

textbooks, when used correctly to represent quantities, did not hinder students‟ performance.  

Therefore, it became evident that students‟ misunderstanding may be caused by another factor. 

 A study was conducted, of approximately 2000 13-15 year olds from a variety of 

Australian secondary schools, by Macgregor and Stacey in 1997 where teachers were 

enthusiastic to be involved in the project because they wanted to study the effectiveness of their 

teaching.  Macgregor and Stacey‟s study was to determine why students were unable to interpret 

algebraic variables as generalized numbers or even as specific unknowns.  It had become 

apparent in past years that students “ignore the letters, replace them with numerical values, or 

regard them as shorthand names” (Macgregor and Stacey, 1997, p. 11).  Students were not able 

to cope with problems that required interpreting variables as unknowns rather than a specific 

number.  For this particular study, students were tested on their capabilities in areas of algebra 

which included the ability to construct and solve problems and recognition of operations and 

structures.  The students were given a pencil-and-paper test.  The tests were then scored and 

students were placed into two different categories, „the letter was ignored‟ or „the letter was 

used.‟ 

 Macgregor and Stacey (1997) found that some of the common misunderstandings 

experienced by students were the direct result of the teaching method used by their specific 
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teachers.  These two researchers felt that misinterpretations would be significantly reduced and 

overcome when an appropriate teaching method is establish for teaching variables to 

mathematical students.  This finding is intended to be “taken with a grain of salt” since teachers 

need to be aware of what their students interpret variables to be and the mathematical notation 

the students bring into the classroom when they see variables.  Teachers are the foundation for 

learning for students and it is a responsibility that should not be taken lightly.  It is important for 

teachers to ensure that their students experience variables in a way that they no longer associate 

variables with specific quantities or objects.  The article posed by these authors raised many 

problems in the mathematical community.   

Asquith, Stephens, Knuth and Alibali (2007) decided to examine teachers‟ knowledge of 

students‟ understanding of various mathematical core concepts, one of which was variables.  The 

authors realized that many articles and studies have determined that students encounter 

difficulties and misconceptions when learning about or using variables in mathematics.  During 

this experiment, 85 teachers were invited to participate in the experiment.  Unfortunately only 20 

teachers from nine middle schools accepted the invitation to participate.  Of the twenty teachers, 

10 were sixth-grade teachers; 6 were seventh-grade teachers, and 4 were eighth-grade teachers.  

The teachers then completed an hour long videotaped interview conducted between December 

and February of the 2004-2005 academic year.  The data collected from the teachers was then 

compared to the student data.  The students involved in this research were 373 sixth- to eighth-

grade students attending a middle school in the same district as the participating teachers.  Both 

the teachers and the students were asked to complete four tasks; two of which involved the 

concept of the equal signs while the other two addressed the concept of the variable.   



V a r i a b l e  C o m p r e h e n s i o n  | 22 

 

 

 

In this particular study revealed that teachers admit that some of their middle school 

students think of variables as objects.  Students tend to believe that variables can only stand for 

one specific value not that variables represent a multitude of information.   Furthermore, this 

study determined that teachers underestimated the amount of students who would use a multiple-

value interpretation to complete the algebraic expressions presented in this study. The study 

created by Asquith, Stephens, Knuth and Alibali (2007) a correlation between symbol 

understanding and success on algebraic tasks.  The findings supported the claim that variable 

understanding is essential to higher level thinking.  Without a concept of variables students will 

continue to struggle in higher level mathematics courses.  Misunderstanding of variables leads to 

students not using variables as a first alternative when solving problems (Asquith, et al., 2007). 

 Students do not have the knowledge or the concept behind variables to understand how to 

use them hence, “in order to cover their lack of understanding…resort to memorizing rules and 

procedures and …eventually come to believe that this activity represents the essence of algebra” 

(Asquith, et al., 2007, p. 250).  Students do not have the knowledge base to understand variables, 

in particular, students tend to use literal symbols in algebra without understanding where they 

come from or how they are used.  Asquith, et al. (2007) discovered that “student misunderstands 

include viewing variables as abbreviations or labels rather than as letters that stand for quantities, 

assigning values to letters based on their positions in the alphabet, and otherwise being unable to 

operate with algebraic letters as varying quantities rather than specific values” (p. 253).  It is of 

importance to students to begin to gain understanding of variables to increase their mathematical 

prowness.  Hence the purpose of this thesis is to encourage teaching variable understanding. This 

research continues by examining the experiment conducted to explore the hypothesis.  
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Experimental Design 

 

 The experiment was designed to test students‟ knowledge of variables in mathematics 

formulas such as the Pythagorean Theorem, slope, and y-intercept.   This experiment was also 

used to determine students‟ reaction to variable-only problems to determine their background 

knowledge of variables. During this experiment a ten problem quiz (See Appendix A, p. 61) was 

distributed to an introductory, non-major college level mathematics class.  Quiz scores were 

compared to determine the reactions of the students when variables were changed as well as the 

students‟ content knowledge of variables.  Additionally, this research compared surveys given to 

the same students as well as to 15 high school mathematical teachers.  The surveys of the high 

school mathematics teachers were used to determine if teachers felt students had enough 

background knowledge of variables to use them successfully in college.  All problems and 

materials needed were based on mathematics content taught in high schools that college students 

should be aware of before entering their first year of college. 

Participants 

 This study was conducted at a comprehensive university in the northwest.  The town 

associated with this study is a small rural town.  The town has an overall population of around 

11,000 people with a large percent of these residents being Caucasian.  This rural town has a 

college campus that holds approximately 6,000 students enrolled in college level courses.  The 

participants of this study met on that campus every other work day (three days a week) for a fifty 

minute mathematical class.  The experimental group given the quiz and the student survey 

consisted of 37 students.  The students were predominantly Caucasian, however there were 

African American and Asian students included as well.   



V a r i a b l e  C o m p r e h e n s i o n  | 24 

 

 

 

 The students participated in an entry level mathematics class entitled “Math in Action” 

taught by a graduate student.  The class covered various mathematics topics including but not 

limited to real-world significance of mathematics, design of street networks, planning and 

scheduling, weighted voting systems, fair division and apportionment, measuring populations 

and the universe, and statistics. The objective of this course is to give students the knowledge 

and ability to use mathematics successfully in a variety of future careers. The students‟ class lasts 

approximately fifty minutes. The class of 37 students meets from 12:00pm – 12:50pm on 

Monday, Wednesday, and Friday.  Figure 11 below indicates information about the participants 

including race and class standing. 

 

Gender Number of students 

Male 10 

Female 27 

Race  

Caucasian 35 

African American 1 

Asian 1 

Major  

MUSC 6 

COMM 3 

EDU 2 

PSY 6 

BUS 2 

CRJ 5 

MATH 2 

GEN 3 

ENG 2 

HIST 4 

SPORT 2 

Class Standing  

Freshman 24 

Sophomores 5 

Juniors 5 

Seniors 3 

           Figure 11: Demographics of Participants 
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 The teachers included in this study came from two different school districts.  One town 

has an overall population of around 5,000 people with most of these residents being Caucasian.  

The other rural town has an overall population of around 4,000 people with almost all of these 

residents being Caucasian.  The teacher participants taught adolescents both in a middle school 

and high school setting.  The experimental group given the teacher consisted of 15 teachers.  The 

teachers are predominantly Caucasian.  Of the teacher participants 7 were middle school teachers 

while the remaining 8 were high school teachers.  Furthermore there were 10 female teachers and 

5 male teachers. 

 The teachers taught various mathematics courses including Math 7, Math 8, Algebra, and 

Algebra 2/Trigonometry along with special education teachers.  These mathematics courses 

covered various mathematics topics which included the Pythagorean theorem, slope-intercept 

form of linear functions, and variables.  All courses taught by the teachers in this study had intent 

to teach their students mathematics so they can move to higher level mathematics in the future.  

Four teachers taught seventh grade mathematics, three taught eighth grade mathematics, three 

taught algebra and five taught algebra 2/trigonometry. 

Methodology 

 This experiment was designed to test the hypothesis that college mathematics students 

would struggle if variables in well-known mathematics formulas are changed or rearranged as 

well as general variable knowledge.  The experiment was conducted as three separate studies.  

During the first study students in a college mathematical classroom were given a ten-problem 

quiz as seen in figure 12 below.  
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Date: ___________   

      

 

1. Is 𝑡 = 𝑡 always, sometimes, or never true? Why? What about  +  −  =  +  −  ? 

 

_______________________________________________________________________ 

 

_______________________________________________________________________ 

 

_______________________________________________________________________ 

 

2. Identify the slope of the following equation: 
 

10 =  (4) + 2 
 

(a) 𝑆𝑙𝑜 𝑒 = 2 

(b) 𝑆𝑙𝑜 𝑒 = 4 

(c) 𝑆𝑙𝑜 𝑒 =  −2 

(d) 𝑆𝑙𝑜 𝑒 =  −4 
 

3. Write the following equation into slope-intercept form to identify the slope as well as the 

y –intercept. 

 

12 =   + 3 2 +   
 
 

Slope: __________                                         Y-intercept: ______________ 

 

4. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

 

 

 

 

 

 

 
 

 

(a)  2 + 𝑡2 =  2 

(b)  2 +  2 = 𝑡2 

(c)  2 =  2 + 𝑡2 
 

5. What represents the slope and y-intercept of the following equation: 

 

2 =   − 3  
 

 

Slope: _____________                                               Y-intercept: ____________ 

 

 

     x                         t  

 

 

               c 

  

 

Figure 12.  Image of the Ten Problem Quiz Given to Students 

 

 The quiz was a 20 minute quiz administered mid-semester that was scored based on a 20 

point predetermined scale (rubric attached in Appendix B) . The quiz had various problems that 

tested the participants‟ knowledge of the Pythagorean theorem, slope-intercept form, as well as 

variables.  The quiz was divided into categories based on the information studied in this 

experiment.  There were five problems (control and non-control) that related to the slope and y-

intercept of an equation.  Furthermore there were three problems related to the use of variables in 

the Pythagorean theorem.  Lastly, the quiz included two problems that delved into the topic of 

variable knowledge.  Each problem category was examined to determine what the results 

indicated for each mathematics topic.   

Date: ___________     

 

1. What represents the y-intercept of the following equation: 

 

 =  ( +  ) 
 

(1) b 

(2) mb 

(3) –b 

(4) m 

 

2. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

 

 

 

 

 

 

 
 

(a)  2 +  2 =  2 

(b)  2 +  2 =  2 

(c)  2 =  2 +  2 
 

3. Is  = 𝑡 always, sometimes, or never true? Why? 
 

________________________________________________________________________ 
 

________________________________________________________________________ 

 

4. Using the Pythagorean Theorem determine if the following is a right triangle or not. 

 

 

 

 

 

 

 

 Answer: _________ 

 

5. What represents the slope of  following equation: 
 

 =  ( +  ) 
 

(a) h 

(b) hx 

(c) m 

(d) there is no slope 

 

 

     a                         b  

 

 

               c 

 

 

             8                                12 

 

 

 

   6              
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Please answer the questions below to you best ability.  Again thank you for participating in 

this study!  Have a wonderful weekend. 

 

 

1.) Do you feel you did well on this quiz? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

2.) Do you feel you could answer the question without much thought? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

3.) Do you feel that you have a good understanding of variables? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

4.) Do you feel you memorize formulas instead of knowing what they stand for and how to 

use them? 

 

(b) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

5.) What do you feel variables represent? 

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 The second study was conducted after the initial quiz by a 5 question survey discussing 

the participants‟ thoughts and reactions to the first study (Figure 13).  This survey was intented 

to verify information obtained through the first study.  Students were asked various questions 

from how well they felt did on the quiz to what variables represent.  

 

 

 

 

 

 

 

 

 

Figure 13.  Image of the Student Survey 

 

 The third study was conducted by giving a 5 question survey given to 15 different 

mathematics teachers (Figure 14). This survey was indented to verify information obtained 

through the two studies.  Teachers were asked various questions to determine variable content 

knowledge of their students.  The survey was intended so that both high school teachers and 

college professors could provide information.  The surveys were then compared to the students 

quiz results to verify the results found. 
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Date: ________________________    Grade Level Taught _____________ 
 

        

 

Please answer the questions below to you best ability about your students’ knowledge.  

Again thank you for participating in this study!  Have a wonderful weekend. 

 

1.) Students have the background knowledge to use variables out of context. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

2.) Students would solve challenging mathematical problems using variables. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

3.) Students understand what variables represent in mathematical formulas. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

4.) Students realize that different variables can represent the same quantity when two 

different letters are used.  For example: Is  =   always, sometimes, or never true?  

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

5.) What aspects of variables do you feel your students struggle with the most? 

 

 ________________________________________________________________ 

 

 ________________________________________________________________ 

 

 ________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Image of the Teacher Survey 

 

Instrument Items and Justification of Items 

 The quiz items were designed to assess the students‟ knowledge of variables and reaction 

to changing variables in well known mathematics formulas such as the Pythagorean Theorem, 

slope, and y-intercept.  The quiz was also designed to research students‟ base knowledge of 

variables.  Problem #1 What represents the y-intercept of the following:         , was used 

to assess the students‟ knowledge of the y-intercept.  The problem was posed to determine if 

students would select the well-known variable b or understand they needed to rearrange the 

problem to get the correct answer mb.  Problems # 2 and #9, What is the formula used for finding 

if the following triangle is a right triangle or not?, was used to determine students‟ knowledge 

on the Pythagorean Theorem.  The students were tested on whether they would understand that 

the variables represent the parts of the triangle instead of using the generic formula found in 
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textbooks           .  Problem #3, Is   𝑡 and always, sometimes or never true? Why?, 

and problem #6, Is 𝑡  𝑡 always, sometimes, or never true? Why? What about    −     

 −  ?,were used to determine students‟ comprehension of variable.  Problem #5, What 

represents the slope of the following:         ?, was used to determine if the students 

would answer with the variable found in textbooks that represents the slope or determine the 

variable that is aligned with the x represents the slope.  Problem #10, What represents the slope 

and y-intercept of the following:      −   , was used to determine if students understood 

how to rewrite formulas to determine slope and y-intercept.  This problem was also used to 

determine if students needed to rearrange the formula in order to discover what the slope and y-

intercept were without relying on variables used in mathematics textbooks.  Lastly, Problems # 

4, 7, and 8 were used to assess the students‟ content knowledge of the formulas used in this 

study.  These problems were specifically meant to be control problems so students would not 

understand the purpose of this study while they were taking this quiz. 

 The student survey questions were designed to obtain information about their reaction to 

the given quiz and their knowledge of variables.  The students were informed that the survey was 

used to determine how they believed they did on the quiz.  Question #1, Do you feel you did well 

on this quiz?, was designed to determine how the students felt they did when their knowledge of 

variables was tested. Question #2, Do you feel you could answer the problems without much 

thought?, was used to determine how well students felt they could answer the problems.  It is 

important to know if the students could complete these questions without over-thinking about the 

variables or if they had to remember different material.  Question #3, Do you feel that you have a 

good understanding of variables?, was designed to determine if students felt they had a good 

background knowledge of variables.  Question #4, Do you feel you memorize formulas instead of 
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knowing what they stand for and how to use them?, was used to determine if students learned the 

mathematical content or just memorized the variables in the formula.  Students tend to memorize 

formulas with variables instead of understanding what the variables represent, therefore, this 

question was intended to determine if the previous statement is indeed true. 

 The survey given to the teachers was designed to determine what they felt was their 

students‟ knowledge of variables.  Teachers are the most influential to students while the 

students are in their classrooms. Therefore, it was determined that teachers would be the most 

knowledgeable about students‟ understanding of variables. Question #1, Students have the 

background knowledge to use variables out of context, is designed to determine if teachers 

believe their students have the background knowledge to use variables in higher level 

mathematics.  Question #2, Students would solve challenging mathematical problems using 

variables, is used to discover if students feel comfortable enough to use variables to solve 

difficult mathematics problems or revert to different solving techniques. Question #3, Students 

understand what variables represent in mathematical formulas, is designed to determine based 

on teachers‟ knowledge of their students, whether or not students memorize, comprehend, or just 

do not understand what variables in mathematics formulas represent.  Questions #4, Students 

realize that different variables can represent the same quantity when two different letters are 

used.  For example: Is     always, sometimes, or never true?, is used to determine if teachers 

believe that students have an understanding that variables can represent different quantities.  

Question #5, What aspects of variables do you feel your students struggle with the most?, is to 

determine what aspects of teaching can be changed or rearranged in order to best benefit the 

students. 
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Methods of Data Analysis 

 This study was a qualitative and quantitative study where the data for this experiment 

were collected through analysis of the ten problem quiz and the two surveys described earlier in 

the above section, instrument items and justification of items.  The collection of data from the 

quiz and the student survey was compiled on the same day as the quiz was given.  The data 

collected from the teachers‟ surveys were collected a week prior to the quiz being distributed to 

the college level mathematics class.  Once all data were collected the three parts of this study 

were reviewed by the researcher in the following three categories. 

Analysis of Quizzes 

 Quantitative item analysis of the 10 problem quiz was conducted using the following 

rubric: two points for each correct solution/answer, and zero points for an incorrect solution.  

The students were not eligible to receive partial credit on the multiple choice problems on the 

quiz.  For problems #3 and #6 students received two points for the correct answer.  The 

description aspects of these problems were used only for analysis and did not affect a student‟s 

grade.  This fact above was not explained beforehand in order to encourage students to defend 

their answer to the best of their ability.  The results were then organized in tables to help analyze 

the data compiled.  Furthermore the results were grouped in relation of the quiz problems before 

analysis.  For instance, all problems related to the Pythagorean theorem were grouped together 

before statistical data was determined.  The free response part of problems #3 and #6 were 

compiled to find the top three reasons provided by students to justify their answers. A variety of 

statistical data were used in the analysis of the experiments results.  Averages, percents, and p-

values were all compared during the data analysis stage.  Furthermore the statistics of each 

problem (averages/percents) were analyzed to defend the results. 
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Analysis of Student Surveys 

 The data collected from the student surveys were tallied and organized in Excel tables.  

The information received from the students was then tallied under the following categories: 

„strongly agree‟, „agree‟, „neutral‟, „disagree‟, and „strongly disagree‟.  This data was then 

compiled to determine what answers were used the most frequently for the problems posed to the 

students.  Furthermore, the last question on the student survey was free-response.  The data 

collected from this free-response question was compiled to create a table that held the most 

commonly used responses from the participants. Lastly, the data collected from the surveys were 

compared with the results from the data collected during the experiment to determine how 

comparable the opinions of the students were to the data compiled for the hypothesis.  This 

comparison was completed by comparing the averages of the quizzes with the responses on the 

survey.  

Analysis of Teacher Survey 

 The data collected from the teachers surveys were also tallied and organized in tables.  

The information was tallied under the following categories based on the teachers‟ responses: 

„strongly agree‟, „agree‟, „neutral‟, „disagree‟, and „strongly disagree‟.  The data compiled 

assisted in determining what answers were used most frequently for the questions posed to the 

teachers.  Furthermore, the last question included on this survey consisted of a free response 

question.  Data was then compiled to create the top three responses. These top responses were 

then organized into a table and discussed in further detail.  Lastly, the data collected from the 

surveys were compared, the same way as the student surveys, with the results from the data 

collected during the experiment.  Similarly, the data collected from the students were compared 

the teachers responses. 
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Results 

 

 The original hypothesis for this study hinted that students do not have the basic 

understanding of variables to use them effectively in mathematics problems.  Similarly, it was 

believed that students will encounter difficulty when asked to solve mathematics problems where 

variables are changed or rearranged in well-known mathematics formulas.  During the course of 

the study quiz and survey responses were collected and compared by using p-values, averages, 

and percents. After analyzing the data collected three major results emerged. 

 

 Students struggled when answering variable-related problems and conveying the 

concept of variables. 

 Students are unsuccessful when solving for slope and y-intercept when variables were 

changed or rearranged. 

 Students encountered difficulties when thy answer problems involving the Pythagorean 

Theorem where the variables were rearranged, however, students successfully 

answered the same problems when the variables were changed not rearranged. 

 

In other words, after data examination I found that students do not have a valid concept on what 

variables represent.  Furthermore students cannot successfully solve mathematics problems 

where variables are rearranged.  Figure 15 indicates the percentages of responses per quiz 

problems.  
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Correct 

Response 

Incorrect 

Response 
No Response 

Problem1 - What represents the y-intercept of 

the following equation,         ? 
32% 65% 3% 

Problem 2 - What is the correct formula for 

determining if the following triangle is a right 

triangle or not? 

27% 73% 0% 

Problem 3 - Is   𝑡 always, sometimes, or 

never true? Why? 
32% 30% 33% 

Problem 4 - Using the Pythagorean Theorem 

determine if the following is a right triangle or 

not. 

81% 11% 8% 

Problem 5 - What represents the slope of  

following equation:         ? 
51% 46% 3% 

Problem 6a - Is 𝑡  𝑡 always, sometimes, or 

never true? Why?   
57% 5% 38% 

Problem 6b - What about    −     
 −  ? 

14% 40% 46% 

Problem 7 - Identify the slope of the following 

equation:          ? 
Omitted due to problem confusion 

Problem 8a - Write the following equation 

into slope-intercept form to identify the slope 

as well as the y –intercept.  

11% 73% 16% 

Problem 8b - Write the following equation 

into slope-intercept form to identify the slope 

as well as the y –intercept.  

16% 62% 22% 

Problem 9- What is the correct formula for 

determining if the following triangle is a right 

triangle or not? 

86% 14% 0% 

Problem 10a - What represents the slope and 

y-intercept of the following equation:    
  −   ? 

3% 83% 14% 

Problem 10b - What represents the slope and 

y-intercept of the following equation:    
  −   ? 

5% 81% 14% 

     Table 15: Responses in percent of Quiz Problems Individually 
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Result #1: Students struggled when answering variable-related problems and conveying 

concept of variables. 

 Analysis of quiz problems three and both parts of problem six were combined due to the 

similarity of the problem content.  After the comparison of percentages and responses given by 

the students it was determined that students lacked knowledge of variable representation.  Figure 

16 indicates the number of „incorrect‟, „correct‟ and „no response‟ solutions for problem 3 and 6.  

Figure 17 shows the findings of each problems‟ responses of „correct‟, „incorrect‟, and „no 

response‟. 

 Correct 

Response 
Incorrect Response 

No 

response 

Problem 3 Is   𝑡 always, 

sometimes, or never true? 

Why? 
12 

Response of Never -9 

Response of Always - 2 
14 

Problem 6a - Is 𝑡  𝑡 always, 

sometimes, or never true? 

Why?   

21 
Response of Sometimes – 1 

Response of never - 1 
14 

Problem 6b - What about 

   −      −  ? 
5 

Response of Always – 6 

Response of Never - 9 
17 

Total: 38 28 45 

Table 16: Responses for Problems 3, 6a and 6b 

 Note: p-value < 0.074 and Percentage of incorrect answers for variable category – 66% 
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 Figure 17.  A Bar Graph of Responses for Quiz Problems #3, 6a and 6b 

 

 Upon examining student responses, 57% of students could successfully state in problem 

6a that 𝑡  𝑡 is always true.  Conversely only 15% of students were able to obtain the correct 

answer of „sometimes‟ for part b of problem 6.  Many students (38% for 6a and 50% for 6b) 

answered with either „no response‟ or a statement indicating that they did not know the answer. 

Students felt they did not have the ability to successfully answer the problem due to their lack of 

knowledge about variables.  Some of the students who answered problem 3 incorrectly stated 

that the variables are two different letters, therefore the statement is never true. Figure 18 shows 

a student‟s response to problem 3 indicating that the variables are two different letters and hence 

two different numbers.  The student‟s response is an incorrect statement because variables can 

represent a variety of objects, equations, etc.  Two variables can in turn represent the same object 

yet they are different letters as supported by the Stephens (2010) mice problem.  Hence variables 

do not always represent numbers.   
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Figure 18.  Image of a student‟s response to problem 3 

 

 In Figure 19 it is of interest to the reader to note that the participant answered the second 

mathematics equality,    −      −  , in an attempt to give the correct response.  The 

student was unable to recognize that the statement is sometimes true as well as the fact that the 

only variables that differed on the two sides of the equality were n and h.  Therefore the student 

should have already been focusing only on those variables. 

 

Figure 19: Image of a student‟s response to problem 6 

 

 Conversely, the few students who did answer the problems correctly gave very good 

reasoning. In Figure 20 one student explains that depending on a variable‟s use the statement 

may be true or it could be false.  This answer indicates that this particular student has an 

understanding of variables. 
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Figure 20: Image of a student‟s answer to problem 3. 

 

 The fact that students were unable to successfully answer variable related problems and 

convey the concept of variables is reflected in the students‟ and teachers‟ survey responses.  

Question #4 of the teacher survey was used to determine if teachers believed that students realize 

that different variables can represent the same quantity when two different letters are used.  The 

results are summarized in Figure 21.   

Choice Frequency Percent 

Strongly Disagree 0 0% 

Disagree 9 24% 

Neutral 3 8% 

Agree 3 8% 

Strongly Agree 0 0 

Total 15 100% 

 

Figure 21: Responses in frequency and percent of teacher surveys 

Note: Question # 4: Students realize that different variables can represent the same quantity when 

two different letters are used.  For example: Is     always, sometimes, or never true? 
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After compiling the results, 24% of teachers felt that their students do not realize that different 

variables can represent the same quantity (an answer of disagree or strongly disagree).  This was 

as predicted for many students when tested by their teachers could not produce an explanation on 

what a variable represents and if two different variables can represent the same thing.   

 Question 3 of the student survey delved into variable understanding by asking the 

students if they felt they had a good understanding of variables. Figure 22 summarized the 

results.   

Choice Frequency Percent 

Strongly Disagree 4 11% 

Disagree 11 30% 

Neutral 13 35% 

Agree 7 19% 

Strongly Agree 2 5% 

Total 37 100% 

Figure 22: Responses in frequency and percents of student surveys 

 Note: Question 3: Do you feel that you have a good understanding of variables?  

 

Approximately a quarter of students felt they could comprehend the meaning and use of 

variables (an answer of „agree‟ or „strongly agree‟).  The results indicate that students cannot 

effectively give the meaning of a variable and solve problems when tested on material where 

variables are rearranged or replaced.   Furthermore as shown in Figure 16 two-thirds of students 

responded incorrectly to the problems included in the variable category. The results including 

part a of problem 6 where 57% of students answered correctly.  Lastly the p-value indicates a 
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significant inclination that students lack an understanding of variables to effectively solve a 

problem. 

Result #2 Students are unsuccessful when solving for slope and y-intercept when variables 

were changed or rearranged. 

 Analysis was also conducted on problems #1, 5, 8, and 10 upon examining the variety of 

responses.  Analysis was conducted on these grouped problems due to the similarity in the 

question makeup. It was determined that there was substantial evidence that students could not 

effectively solve problems when challenged with slope and y-intercept when the variables were 

not just m and b, respectively.  Students did not correctly write equations when determining 

slope or y-intercept.  Figure 23 indicates the responses given by the students for each problem.  

Figure 24 shows the students‟ responses for each problem.   

 Correct Response Incorrect Response No response 

Problem 1 - What represents the y-

intercept of the following equation, 

        ? 
12 

Response of (a) - 18 

Response of (c) – 2 

Response of (d) - 4 

1 

Problem 5 - What represents the 

slope of the following equation: 

        ? 

19 

Response of (b)– 12 

Response of (c)- 1 

Response of (d) - 4 

1 

Problem 8a - Write the following 

equation into slope-intercept form to 

identify the slope as well as the y –

intercept. 

4 27 6 

Problem 8b - Write the following 

equation into slope-intercept form to 

identify the slope as well as the y –

intercept. 

6 23 8 

Problem 10a - What represents the 

slope and y-intercept of the following 

equation:      −   ? 

1 31 5 

Problem 10b - What represents the 

slope and y-intercept of the following 

equation:      −   ? 

2 30 5 

Total: 38 28 45 

Figure 23: Responses for Problems 1, 5, 8a, 8b, 10a, and 10b 

 Note: p-value < 0.0001, Percentage of incorrect answers for slope-intercept category 

-66% 
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 Figure 24: A Bar Graph of Responses for Quiz Problems 1, 5, 8a, 8b, 10a, and 10b 

 

 The percentage of correct answers is significantly smaller (p-value) than the percentage is 

incorrect answers as can be noted in Figure 24.  Analysis of problem #10 indicates that students 

struggle with identifying the slope and y-intercept of a linear function.  After data was compiled, 

84% of students incorrectly answered part a in problem #10.  Similarly, 81% of students 

incorrectly responded for part b.  Upon analysis it is apparent that students do not rearrange 

formulas appropriately to find the slope and y-intercept effectively.  For instance Figure 25 and 

Figure 26 demonstrate two participants‟ responses.  Both participants answered the problem 

incorrectly and did not solve for y before determining slope and y-intercept.  Similar results were 

indicated in Problems #1, 5, and 8.  Furthermore, one participant tried to find the correct solution 

by solving for the variable m.  The participant solved for the variable m which may have been 

due to the fact that the variable m represents slope in many textbooks.  This indicates a strong 

misunderstanding of what variables represent as well as how to use them. 
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 Interestingly, after examining the results students did poorly on all problems relating to 

slope and y-intercept. It is important to note that many participants chose not to answer the 

problems.  More participants chose not to answer problems #8 and 10 more often. These results 

indicate that students did not feel confident enough determining slope and y-intercept when the 

equation of a line is not in slope-intercept form. 

 

 

Figure 25. Image of a student‟s response for problem 10 

 

 

 

Figure 26.  Image of a student‟s response for problem 10 (solving for m) 
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 Result #2, students were unsuccessful in solving for slope and y-intercept when variables 

are changed or rearranged is similarly reflected in the student and teacher surveys. Question #3 

of the teacher survey delved into variable understanding by asking the teachers if their students 

understood what variables represent in mathematical formulas.  Figure 27 summarized the 

results.   

Choice Frequency Percent 

Strongly Disagree 0 0% 

Disagree 5 14% 

Neutral 8 22% 

Agree 2 5% 

Strongly Agree 0 0% 

Total 15 100% 

Figure 27: Responses in frequency and percent of teacher surveys 

 Note: Question #3: Students understand what variables represent in mathematical formulas. 

 

Only 2 of the 15 teachers felt that their students could comprehend the meaning and use of 

variables in mathematical formulas (an answer of agree or strongly agree).  This indicates that 

students cannot effectively give the meaning of a variable and solve problems using 

mathematical formulas.   

 Question #4 of the student survey was used to determine if students memorized formulas 

instead of knowing the content. The results are summarized in Figure 28 below.   

 

 

 

 

 



V a r i a b l e  C o m p r e h e n s i o n  | 44 

 

 

 

Choice Frequency Percents 

Strongly Disagree 2 5% 

Disagree 6 16% 

Neutral 11 30% 

Agree 12 32% 

Strongly Agree 6 16% 

Total 37  

 Figure 28: Responses in frequency and percents of student surveys 

Note: Question 4: Do you feel you memorize formulas instead of knowing what they 

stand for and how to use them? 

 

After compiling the results about half of the students felt they memorized formulas instead of 

understanding content (an answer of agree or strongly agree).  This was as predicted in the 

hypothesis for many students will not give a detailed explanation on what a variable represents.  

Many students result in memorizing formulas to “pass the test.”  

Result #3: Students encountered difficulties when answering problems involving the 

Pythagorean Theorem where the variables were rearranged, however, students successfully 

answered the same problems when the variables were changed not rearranged. 

 In addition to analyzing the results of the variable problems, as well as slope and y-

intercept problems, attention was given to the problems related to the Pythagorean Theorem.  

Upon analysis of the number of problems answered incorrectly, it was determined by 

percentages that there is a substantial difference between the control and experimental problems.  

Figure 30 compares the results for each problem based on „correct‟, „incorrect‟, and „no 

response‟.  The percentage of each response was recorded for each of the participants. Figure 29 

indicates the responses for problems #2, 4,  and 9. 
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 Correct 

Response 
Incorrect Response 

No 

response 

Problem 2 - What is the correct 

formula for determining if the 

following triangle is a right 

triangle or not? 

10 
Response of (a) - 0 

Response of (c) – 27 
0 

Problem 4 - Using the 

Pythagorean Theorem determine 

if the following is a right triangle 

or not. 

30 
Response of a value – 3 

Response of a yes - 1 
3 

Problem 9- What is the correct 

formula for determining if the 

following triangle is a right 

triangle or not? 

32 
Response of (b)– 2 

Response of (c)- 3 
0 

Total: 42 32 0 

Figure 29: Responses for problems #2, 4, and 9 

Note: p-value < 0.1. Percentage of incorrect answers for the Pythagorean theorem 

category – 30% 

 

 

Figure 30.  A Bar Graph of Responses for Quiz Problems 2, 4, and 9 

 The resulting 73% of incorrect answers for Problem #2 indicate that students were unable 

to successfully find the correct formula when the common variables of the Pythagorean Theorem 

(a, b, and c) were rearranged.  Students were unable to determine that the variables were 

rearranged and chose the “memorized” formula. The majority, 86.7% of students, answered 

problem # 9 correctly when variables were changed from a, b, and c.   
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Further Qualitative Student Survey Results 

 Results were evident following the collection and analysis of the student responses on the 

survey for each question individually.  These results allow for the hypothesis to be verified.  

Therefore, students do lack basic variable understanding of variables as well as comprehension 

of material when variables are changed or rearranged in mathematical formulas.  Question #1 of 

the survey asked the students if they felt they did well on the given quiz. Figure 31 summarized 

the results.   

Choice Frequency Percents 

Strongly Disagree 7 19% 

Disagree 11 30% 

Neutral 9 24% 

Agree 8 22% 

Strongly Agree 2 5% 

Total 37 100% 

  Figure 31: Responses in frequency and percents of student surveys 

   Note: Question 1: Do you feel you did well on this quiz? 

 

 Compiling the results indicated that 27% of students felt they did well on the quiz (an 

answer of „agree‟ or „strongly agree‟).  The result indicates that many students were not 

confident in the knowledge required to answer the quiz problems effectively.  Th result was 

supported by the overall quiz scores as seen in figure 32 below. Many students struggled with 

answering the quiz problems as a whole as seen by the average quiz score of 41.41%. 
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Figure 32: Box Plot of Students‟ Overall Quiz Scores 

 

 Question 2 on the survey asked the students if they felt they could answer the problems 

without much thought. Figure 33 summarized the results.   

Choice Frequency Percent 

Strongly Disagree 3 8% 

Disagree 11 30% 

Neutral 12 32% 

Agree 7 19% 

Strongly Agree 4 11% 

Total 37 100% 

 Figure 33: Responses in frequency and percent of student surveys  

  Note: Question #2: Do you feel you could answer the problems without much thought? 
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 About a third of the students felt they could not answer the problems without much 

thought (an answer of „agree‟ or „strongly agree‟).  This percentage indicates that many students 

were unable to answer the problems quickly without the need to process the information in-

depth.   

 Question #5 of the survey was a free response question about the students‟ opinions of 

what variables represented.  After compiling the results it was determined that only 11% of 

students answered with a correct response.  Figures 34 and 35 below represent two of the correct 

answers.  Both students understood that variables can represent multiple mathematical concepts.  

Variables can represent numbers but they can also represent equations, objects, sets, etc.  It was 

determined that 51% of students believe that variables can only represent numbers.   

 

 

Figure 34. Image of a Student‟s Survey Response 

 

 

Figure 35. Image of a Student‟s Survey Response 
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Further Qualitative Teacher Survey Results 

 Results were evident following the collection and analysis of the student responses on the 

survey for each question individually. These results will allow for the hypothesis to be verified.  

Therefore, teachers indicated that students do lack basic variable understanding as well as 

comprehension of materials when variables are changed or rearranged in mathematic formulas.  

Question #1 of the survey asked teacher if they felt their students had the background knowledge 

to use variables out of context. Figure 36 summarized the results.   

Choice Frequency Percent 

Strongly Disagree 0 0% 

Disagree 10 27% 

Neutral 2 5% 

Agree 3 8% 

Strongly Agree 0 0% 

Total 15 100% 

Figure 36: Response in frequency and percent of teacher surveys 

 Note: Question #1: Students have the background knowledge to use variables out of context. 

 

 After compiling the results 8% of teachers felt there students have the ability to use 

variables out of context (an answer of agree or strongly agree).  This indicates that many students 

lack the basic understanding of variables that is required to link content throughout mathematic 

courses.  Question 2 of the survey asked the teachers if they felt if students would solve 

challenging mathematical problems using variables. The results are summarized in Figure 32.   
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Choice Frequency Percents 

Strongly Disagree 2 5% 

Disagree 9 24% 

Neutral 2 5% 

Agree 2 5% 

Strongly Agree 0 0% 

Total 15 100% 

Figure 32: Responses in frequency and percents of teacher surveys 

 Note: Question #2: Students would solve challenging mathematical problems using variables 

 

It was determined that 73% of teachers felt that their students would not be able to solve 

mathematical problems using variables (an answer of disagree or strongly disagree).  This 

indicates that many students are unable to comprehend variable use in solving challenging 

mathematics problems.   

 Question #5 on the survey was a free response question about the teachers‟ opinions on 

what aspects of variables they felt their students struggled with the most.  After compiling the 

results it was found that students struggle with understanding what variables represent as well as 

using them to solve difficult mathematics problems. 

 Upon comparison of student and teacher survey responses the answers have a strong 

relationship to the quiz grades of the students.   The surveys and quiz results verified that 

students do not have the content knowledge to have a clear understanding of what variables 

represent and how to effectively use them in mathematics.  
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Implications for Teaching 

 

 The hypothesis for this study was that students would encounter confusion if their 

knowledge of variables was challenged, for instance by rearranging variables in well known 

mathematics formulas, such as the Pythagorean Theorem and slope-intercept form.  During the 

course of the study the survey results as well as the ten problem quiz results were compared.  

The lack of variable comprehension has certain classroom implications.  These implications will 

be discussed in this section, along with modifications to the design of this experiment, and 

suggestions for future research based on this research data.  

Classroom implications 

 The implications for classroom instruction run parallel to the three principal results of the 

research discussed in the previous section. 

Teaching variables in a more in-depth context will encourage higher order thinking 

 The primary implication for teaching in my classroom that results from this study is to 

teach lessons that encourage higher order mathematics thinking.  This can be accomplished by 

teaching the meaning and use of variables to students.  It has been shown that an in-depth 

understanding of variables will result in a smoother transition to more complicated mathematics 

courses. 

 One factor contributing to variable misunderstanding is due to the fact that students 

mainly are not taught a lesson that focuses only on variables.  Teachers should teach a lesson that 

goes into detail of the variety of uses of variables as well as their meaning.  Students would be 

able to comprehend variables when solving problems if given they had more detailed 

background knowledge.  Teaching variables in context will allow students the ability to solve 
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difficult mathematics formulas using variables effectively.  For instance if they were given the 

mathematical problem inclined earlier with the mice students would have the understanding to 

create the formula without having to draw the pictures.  This type of problem would also 

increase understanding of the concept that different variables can represent the same thing. 

Emphasis of the fact that a variety of variables can represent the same thing in mathematic 

problems will also increase high order thinking. 

Increase students’ understanding of mathematics concepts by using a variety of 

variables 

 Hence another implication that results from this study is that teachers need to use a 

variety of variables in their mathematics lessons.  When teachers are introducing new concepts 

and formulas it is important to not use the textbook variable repeatedly throughout the lesson.  

There are formulas where variables should stay relatively the same for instance volume and area. 

However, mathematics, comprehension comes when concepts are changed.  During this study 

more students were able to solve the Pythagorean Theorem related problem correctly when the 

variables were changed not rearranged.  This emphasizes that when students realized the 

variables were not the same they had to take more time to determine how to arrange the variables 

into the wanted solution.   

 Research has shown that variables that are changed throughout lessons create a deeper 

meaning on what the lesson entails.  Teachers may want to change variables frequently in lessons 

to verify that the students are learning how to solve the problem at hand correctly and not just 

memorizing a formula and trying to figure out where numbers fit into it.  Placing more emphasis 

on what the variables represent and how to use them in the concept will allow students to have a 

deeper meaning on what variables represent. 
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Emphasize what variables represent in mathematical formulas 

 In general, this study indicated that students do not have an understanding of what 

variables represent in mathematical formulas.  This would imply that students resort to 

memorization of formulas instead of learning what the formulas represent and how they are used.  

Furthermore, this result implies that teachers should pay extra attention to what variables 

represent in mathematical formulas while instructing their lessons.   Emphasizing that variables 

do not only represent numbers in a problem but what they represent in formulas.  For instance, if 

a teacher is using the variable c for the hypotenuse emphasize what c represents.  Teachers may 

want to emphasize that the hypotenuse is the longest side of a right triangle and is across from 

the right angle. 

 My research indicates that students resort to memorizing formulas instead of 

understanding what variables represent in formulas.  Participants in this study showed a strong 

indication that they did not know how to correctly use variables in mathematics formulas.  

Variables represent a variety of mathematical components and in formulas that can vary within a 

problem.  Therefore teachers should try to find a way to incorporate variable understanding in 

lessons when learning new mathematical formulas.  A teacher may want to describe what 

variables represent in the Pythagorean Theorem not just following the books placement of a, b, 

and c. Teachers who emphasize variable understanding are encouraging their students to have a 

higher level thinking in mathematics.  This more in-depth thinking of mathematics will not only 

make mathematics easier to understand but will create bridges to more complicated mathematics 

concepts. 
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Suggestions for Future Research 

Although this research did not yield conclusive results regarding the misunderstanding of 

variables it offered many insightful answers and implications.  There are still many problems to 

be answered and investigated to give teachers the knowledge to teach variables effectively in the 

classroom.  One might consider conducting this study after a variable based unit was taught to 

participants.  It would be interesting to see if the students who were taught the variable unit 

would have more comprehension on what variables were and solving problems were uncommon 

variables were used.  Furthermore one might consider conducting a study on teaching 

mathematical content like the Pythagorean Theorem, slope, and y-intercept without using the 

same variables repeatedly.  It would be of interest to find out if students had more 

comprehension about the topics rather than taking the formula from memory and solving.  Lastly 

a similar study conducted with students still in high school may yield a more conclusive set of 

results. 

Concluding Remarks 

 Students experience difficulty and misunderstanding in solving problems that involve 

variables as well as solving variable only problems. Students struggle with variables because 

they do not have the background knowledge in order to use variables effectively (Kinzel, 1999). 

Students need variables in all mathematical subjects in high school and college level classrooms.  

Several researchers have addressed how variable understanding not only helps students to 

complete assessment assignments such as tests and quizzes, but to comprehend future higher-

level mathematic subjects and everyday life skills (McNeil et al., 2010; Asquith et al., 2007; 

Stephens, 2005; Dede, 2004; MacGregor & Stacey, 1997; Malisani & Spagnolo, 2008).  
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 The motivation behind this study was to determine a way to address students‟ 

misunderstanding of variables and thereby determine ways to increase comprehension. Based on 

the results of this study, it appears that students do not hold the comprehension of variables 

required to successfully solve problems were variables are changed or rearranged.  Furthermore 

students do not have an understanding of what variables represent.  It is clear that variable 

understanding is a key concept in future mathematical thinking.   Students will encounter 

variables in high level mathematics classes especially college classroom settings. As a teacher, it 

is my job to present variables in a variety of ways in order to achieve true understanding.  

Mathematics is an integral web of information that many times folds back and forth.  Therefore it 

is important that students can comprehend the different base topics as to verify there will be no 

holes in their web.  Students will only continue to benefit in mathematics if research is continued 

throughout the years.  It is my hope that this experiment can be a factor in better education. 
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 Date: ___________     

 

1. What represents the y-intercept of the following equation: 

 

         
 

(1) b 

(2) mb 

(3) –b 

(4) m 

 

2. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

 

 

 

 

 

 

 
 

(a)          

(b)          

(c)          
 

3. Is   𝑡 always, sometimes, or never true? Why? 
 

________________________________________________________________________ 
 

________________________________________________________________________ 

 

4. Using the Pythagorean Theorem determine if the following is a right triangle or not. 

 

 

 

 

 

 

 

 Answer: _________ 

 

5. What represents the slope of  following equation: 
 

         
 

(a) h 

(b) hx 

(c) m 

(d) there is no slope 

Appendix A 

 

 

     a                         b  

 

 

               c 

 

 

             8                                12 

 

 

 

   6              
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 Date: ___________   

      

 

6. Is 𝑡  𝑡 always, sometimes, or never true? Why? What about    −      −  ? 

  

_______________________________________________________________________ 

 

_______________________________________________________________________ 

 

_______________________________________________________________________ 

 

7. Identify the slope of the following equation: 
 

          
 

(a) 𝑆𝑙𝑜 𝑒    

(b) 𝑆𝑙𝑜 𝑒    

(c) 𝑆𝑙𝑜 𝑒   −  

(d) 𝑆𝑙𝑜 𝑒   −  
 

8. Write the following equation into slope-intercept form to identify the slope as well as the 

y –intercept. 

 

            
 
 

Slope: __________                                         Y-intercept: ______________ 

 

9. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

 

 

 

 

 

 

 
 

 

(a)    𝑡     

(b)       𝑡  

(c)       𝑡  
 

10. What represents the slope and y-intercept of the following equation: 

 

     −    
 

 

Slope: _____________                                               Y-intercept: ____________ 

Appendix A 

 

 

     x                         t  

 

 

               c 
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Answer Key Date: ___________  

       

1. What represents the y-intercept of the following equation: (2 points) 

 

         
 

(a) b 

(b) mb 

(c) –b 

(d) m 

 

2. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

(2 points) 

 

 

 

 

 

 
 

(a)          

(b)          

(c)          
 

3. Is   𝑡 always, sometimes or never true? Why? (2 points) Free response not graded. 
 

Sometimes true.  Depending on the situation two different variables can represent the 

same value. 

 

4. Using the Pythagorean Theorem determine if the following is a right triangle or not.  

(2 points) 

 

 

 

 

 

 

 Answer: Not a right triangle 

 

5. What represents the slope of  following equation: (2 points) 
 

         
 

(a) h 

(b) hx 

(c) m 

(d) there is no slope 

Appendix B 

 

 

     a                         b  

 

 

               c 

 

 

             8                                12 

 

 

 

   6              
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Date: ___________        

 

6. Is 𝑡  𝑡 always, sometimes, or never true? Why? What about    −      −  ? 

(2 points) Free response not graded 

 

Always true for the first statement and sometimes true the second mathematical 

statements.  Depending on the situation two different variables can represent the same 

value. 

 

7. Identify the slope of the following equation (2 points) 
 

          
 

(a) 𝑆𝑙𝑜 𝑒    

(b) 𝑆𝑙𝑜 𝑒    

(c) 𝑆𝑙𝑜 𝑒   −  

(d) 𝑆𝑙𝑜 𝑒   −  
 

8. Write the following equation into slope-intercept form to identify the slope as well as the 

y –intercept. (2 points) 

            
 
 

Slope:  
  

 
                          Y-intercept:  3 

 

9. What is the correct formula for determining if the following triangle is a right triangle or 

not? 

 (2 points) 

 

 

 

 

 

 
 

 

(a)    𝑡     

(b)       𝑡  

(c)       𝑡  
 

10. What represents the slope and y-intercept of the following equation: (2 points) 

 

     −    
 

 

Slope: 
 

 
     Y-intercept: 

  

 
  

 

 

 

     x                         t  

 

 

               c 

Appendix B 
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Date: ___________  

 

Please answer the questions below to you best ability.  Again thank you for participating in 

this study!  Have a wonderful weekend. 

 

 

1.) Do you feel you did well on this quiz? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

2.) Do you feel you could answer the problem without much thought? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

3.) Do you feel that you have a good understanding of variables? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

4.) Do you feel you memorize formulas instead of knowing what they stand for and how to 

use them? 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

5.) What do you feel variables represent? 

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

________________________________________________________________________ 
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 Date: ________________________    Grade Level Taught _____________ 
 

        

 

Please answer the questions below to you best ability about your students’ knowledge.  

Again thank you for participating in this study!  Have a wonderful weekend. 

 

1.) Students have the background knowledge to use variables out of context. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

2.) Students would solve challenging mathematical problems using variables. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

3.) Students understand what variables represent in mathematical formulas. 

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

4.) Students realize that different variables can represent the same quantity when two 

different letters are used.  For example: Is     always, sometimes, or never true?  

 

(a) Strongly Agree (b) Agree  (c) Neutral (d) Disagree (e) Strongly disagree 

 

 

5.) What aspects of variables do you feel your students struggle with the most? 

 

 ________________________________________________________________ 

 

 ________________________________________________________________ 

 

 ________________________________________________________________ 
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V a r i a b l e  C o m p r e h e n s i o n  | 64 

 

 

 

To: Students in Mathematics Classes at SUNY Fredonia  Date: 

From: Kendelle Sutton      RE: Consent Form 
 

Introduction: 
 

The purpose of this study is to determine your knowledge base of variables and the 

effects of changing or rearranging variables in mathematical formulas on your comprehension. 

For a twenty minute time frame you will be asked to complete a ten problem quiz and a follow 

up survey. The goal of this study is to improve mathematics instruction in future classrooms.  

This is an important study because of the potential benefits it may hold, not just for yourself but 

the mathematics education in its entirety. 
 

Related Information:  
 

 You has been asked to participate in this study because you are a member of a 

mathematics class at SUNY Fredonia 

 To maintain confidentiality, your name will not be used in any way, shape, or form.  Any 

name or identification will not be used with any materials related to the study. 

 There is no cost (nor any compensation) to participate in this study. 

 Participation in this study is voluntary.  You may withdraw at any time and are not 

required to answer all the problems. No penalty can or will be assessed to the student for 

declining participation.  

 There is minimum to no risk anticipated for being involved in this study.  This study 

deals primarily with student knowledge base, so there will be no strain placed on you.  If 

you need to speak with someone other than Ms. Sutton, SUNY Fredonia is aware of the 

study, its guidelines, and you can withdraw immediately form the program. You may 

contact the following personal. 
 

SUNY Fredonia Counseling 

Center 

LoGrasso Hall 

Ph: (716) 673-3424 

Email: 

Counseling.center@fredonia.edu 
 

 

Dr. Keary Howard  

Associate Professor of 

Mathematics Education 

Ph: 716-673-3873  

Email: 

keary.howard@fredonia.edu  

 

Maggie Byran-Peterson 

Human Subjects Protection 

Administrator  

Ph: 716-673-3528  

Email: petersmb@fredonia.edu. 

Potential benefits to you will be to receive more information on your knowledge of mathematics.  

As well as creating more effective teaching strategies for your professors and future mathematics 

teachers. 
 

 Please read over this consent form to make sure you are fully aware of everything 

involved with this study. 
 

 For additional information or any questions, feel free to contact Ms Sutton by phone: 

716-713-8533 or by e-mail: sutt4489@fredonia.edu. You may also contact Ms. Sutton‟s 

college advisor, Dr. Keary Howard, at SUNY Fredonia by phone: 716-673-3873 or by 

email: keary.howard@fredonia.edu. Or you may contact the Human Subjects Protection 

Administrator, Maggie Byran-Peterson, at SUNY Fredonia by phone: 716-673-3528 or 

by e-mail: petersmb@fredonia.edu 
 

 Thank you in advance for your participation in this important study.  Please complete the 

attached consent form and return to Ms. Sutton.  Remember, this form authorizes the use 

of data from yourself for the purpose of research.   

 

Appendix E 
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Participant Consent Form 
SUNY Fredonia 

 

Your participation in this important study is greatly appreciated.  Please print and sign your name 

below to indicate your agreement to participate in the study.  Thank you for your full 

consideration regarding this request.  Once again, please be advised that your consent authorizes 

the use of your data in the study.   
 

Voluntary Consent:  I have read this memo and have been fully apprised of this study and all 

that it entails.  My signature indicates that I agree to participate in this study.  If I withdraw from 

this study, I understand that there will be no penalty assessed to myself.  I understand that my 

confidentiality will be maintained.  I understand that if I have any questions about this study, I 

may contact Kendelle Sutton at 716-713-8533 or sutt4489@freodnia.edu. I may also contact Ms. 

Sutton‟s college advisor, Dr. Keary Howard, at SUNY Fredonia by phone: 716-673-3873 or by 

email: keary.howard@fredonia.edu. Or I may contact the Human Subjects Protection 

Administrator, Maggie Byran-Peterson, at SUNY Fredonia by phone: 716-673-3528 or by e-

mail: petersmb@fredonia.edu 

 

I also understand that there is no risk anticipated for being involved in this study.  If I need to 

speak with someone other than Ms. Sutton, SUNY Fredonia is aware of the study, its guidelines, 

and I can withdraw immediately form the program. I may contact the following personal if I 

need to speak with someone: 

 

SUNY Fredonia Counseling Center 

LoGrasso Hall 

Ph: (716) 673-3424 

Email: Counseling.center@fredonia.edu 

 

Dr. Keary Howard  

Associate Professor of Mathematics Education 

Ph: 716-673-3873  

Email: keary.howard@fredonia.edu  

 

Maggie Byran-Peterson 

Human Subjects Protection Administrator  

Ph: 716-673-3528  

Email: petersmb@fredonia.edu. 

 

Please return this original, completed consent form as soon as possible.  Thank you for your 

cooperation. 

 

Participant‟s Name (please print): _______________________________________________ 

 

 

 

 

Participant‟s Signature:____________________________________ Date:_____________ 

Appendix E 

mailto:sutt4489@freodnia.edu

	page1
	page2
	page3
	page4
	page5



