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Abstract 

This study examines students' ability to solve percent problems when in word form versus 

numeric form. The work of University Pre-Calculus students was analyzed with two 

isomorphic assessments measuring the accuracy of the problem solution when given in word 

versus numerical form. It was hypothesized that college students would perform better on 

numerical percent problems, specifically working with discount, tax, and tip problems. 

Fmihermore, it was hypothesized that the words would hinder the students' ability to 

accurately solve percent problems when in word form compared to numeric form. The results 

of this study prove the hypothesis to be inaccurate. In contrast to the hypothesis, students 

performed better on word problems versus numerical problems (p-value of 0.013) when the 

problem specifically dealt with discounts, tax, percent increase, and percent decrease. 
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Introduction 

 This research examines students’ understanding of percent problems.  Specifically, 

the research seeks to uncover if students will struggle more with percent word problems 

versus isomorphic numeric percent problems.  Percents are used within multiple real world 

situations throughout a person’s life so it is important that students have a conceptual 

understanding of percents and percentages.  Looking into a classroom, percents are related to 

decimal fractions and introduced in proportions as ratios.  Once students get more 

comfortable then they are introduced to percents within a word problem, specifically, 

interest, discount, tax, and tip word problems.  The expected results will show that students 

will be able to more accurately complete percent problems in numeric form rather than when 

they are in real-world applications. 

 A frequently asked question in mathematics of “When will I ever use this?” is 

something that I have been asked a lot as well as something that I have even asked myself 

before.  However, when being introduced to percents, that is not a question that appears 

often.  Percent is a topic that is often taught because it is so relatable and useful in someone’s 

life.  Percents are applied almost daily in everyone’s life and are a concept that needs to be 

understood if you ever plan on, for example, using a coupon when grocery shopping, 

determining tax and tip at a restaurant, or comparing interest rates on different credit cards. If 

a student is able to determine what 20% of 40 is but is not able to determine how much 

money they will save on their bill if their total at a store is $40 and they have a 20% off 

coupon, then I believe that there needs to be more of a connection taught between these types 

of problems and how frequently they are encountered in the real world.  
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 It has been researched that errors will still occur within percent word problems even 

with students who have an understanding of percents.  If a student begins with minimal 

understanding of percents, then there is more room for multiple errors when faced with a 

real-world percent application problem.  This is the underlying problem that defines the 

hypothesis statement for this research: 

  

 It is hypothesized that college students will perform better on percent problems 

 when given in numeric form versus in isomorphic word form when specifically 

 working with discount, tax, and tip problems.  Furthermore, it is hypothesized that 

 the words will hinder the students’ ability to accurately solve percent problems 

 when in word form compared to numeric form. 

 

 This hypothesis was tested through two formal assessments and a survey 

administered to a group of college students.  The students were given one of the formal 

assessments and then three weeks later given the other formal assessment.  The assessments 

consisted of six isomorphic pairs of problems with the paired problems included on different 

assessments.  Once each assessment was completed, the students completed a survey.  The 

survey contained information about the students’ demographics and which problems they 

perceived as the hardest and easiest for them to solve.  Previous research has shown why 

these errors may occur as well as common errors between percent problems with college 

students. The following literature review will discuss the previous research and then continue 

on with the experimental design and data collection of the research. 
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Literature Review 

 The purpose of this literature review is to examine the existing research on percent 

problems within the classroom as well as the history behind percents.  There have been 

numerous studies that address how percents are taught at the middle and high school level as 

well as some of the misconceptions that are developed at that age.  The literature review 

begins with the history of percents by looking back to the 17th century.  The next section 

presents the techniques used to teach percents in more contemporary classrooms.  Next, 

percents on New York State assessments are reviewed because since the new Common Core 

Curriculum was released, there have been some changes.  Finally, misconceptions are 

discussed; specifically misconceptions on percent problems in general, word problems, and 

numeric problems. 

Percent Problems Past 

 The word percent is the Latin word for “for (each) hundred” (Schwartzman, 1994). 

The prefix, ‘per’, comes from the Latin word meaning “for” and the second part of the word, 

the root, ‘cent’, is derived from the Latin word ‘centrum’ meaning “hundred”.  In older 

American books, the word percent was written as two separate words: per cent. Schwartzman 

writes, “By the 17th century the symbol 
𝑜

𝑜
 was in common use in Europe to represent percent.  

In any case, the current symbol, with two ‘zeros’, is a convenient reminder that a percent is a 

fraction whose denominator, 100, also contains two zeros” (Schwartzman, 1994).  The topic 

of percents is central to the middle school mathematics curriculum, it is a decimal fraction 

concept easily applicable to real-world concepts (Baratta, Price, Stacey, Steinle, & 

Gvozdenko, 2010; Koay, 1998; Newton, 1938; Parker & Leinhardt, 1995; Vosburgh & 

Gentleman, 1920; Wentworth & Smith, 1909). 
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 Percents are a universal topic that has evolved from Babylonian, Indian, and Chinese 

trading practices.  It also has roots in Greek proportional geometry (Parker, 1995).  Percents 

are a concept that can be traced back to 1200 B.C. when they were used as a unit fraction in 

association with interest and tax.  A base of one hundred was used then and is still currently 

used when introducing percents to sixth grade students.  In the early worlds of commercial 

practices, percents were used, as stated before, to determine interest and tax as well as to 

manage counts of large quantities of items.  

 David Eugene Smith compiled results from manuscripts written in 1260 and early 

textbooks published in 1472 into a book titled Rara Arithmetica.  Parker (1995) noted that in 

this book commerce used percents to solve problems.  Percents became involved with profit, 

currency exchange, circulation of money, and bankruptcy.  These applications were also used 

by the fifteenth century Europeans, who later went on to create a percent symbol in the 

seventeenth century.    

 Fast forward to the United States in the early twentieth century, when percent became 

a concept commonly included in many mathematical texts (Newton, 1938; Vosburgh & 

Gentleman, 1920; Wentworth & Smith, 1909). Sections devoted to percents began by 

explaining the relationship between percents, decimals, and common fractions.  Figure 1 and 

2 provide two examples of the introduction of the relationship between percents and fractions 

from two different texts. 

 

 

 

Figure 1. Percent and Fraction Relationship (Wentworth, 1909). 
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Figure 2. Percent and Fraction Relationship (Newton, 1938). 

It is shown that a percent is put over a base of one hundred and then rewritten as an 

equivalent fraction in lowest terms.  Each text explains the basics of percents and then segues 

into real-world application problems, much like mathematicians in 1200 B.C.  Parker notes, 

“Early U.S. texts contained as many as 20 separate percent-related topics, each with its own 

explanation of rules for calculation” (Parker, 1995, p.429).  Discounts and interests were two 

of the most dominant percent-related topics introduced in early twentieth century texts. The 

realization that a percent is simply a ratio or decimal fraction that can easily be applied to 

real-world situations increased the popularity of the topic.  With this knowledge, related 

curriculum was developed over time and currently students are introduced to percents as 

early as sixth grade.  

Approaches to Teaching Percents  

 Solving percent problems is critical for students to learn and understand.  Percents are 

involved in many different fields of work as well as incorporated into everyday life.  The 

introduction of the concept at an early age provides a base of knowledge that students could 

utilize for the rest of their lives.  Percent is a topic in the mathematics curriculum that is 

taught numerically as well as through real-world application problems.  Research and 

textbooks have shown a variety of different methods for introducing percents to students as 

well as the outcome of those methods through different assessments (Butler & Wren, 1965; 
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Charles, Dossey, Leinwand, Seeley, & Embse, 1998; Collins et al., 2001; Dole, 2000; 

Larson, Laurie, Timothy, & Lee, 2007; Luke, 2012; Murdock, Kamischke, & Kamischke, 

2013; Tannenbaum, 2014). 

 Figure 3 shows a method of introducing middle school students to percents from a 

recent textbook.   

 

 

 

 

 

 

 

    Figure 3. Textbook Introduction to Percents (Larson, 2007). 

The focus lies on developing the concept that a percent is a quantity of rate per one hundred.  

This will be helpful to students when discussing the relationship between percents and 

common fractions and percents and decimals.  As shown in the textbook, students are using 

proportions, which means that they will need to have an understanding of the connection 

percents have with common fractions.  Proportions model the process of setting up and 

solving a percent problem given different pieces of information.  Figure 4 contains two 

example problems given in the same textbook that show how to use the proportion method to 

solve a word percent problem and a numeric percent problem.  This textbook represents 

percents as “an everyday way of expressing fractional parts” (Baratta, Price, Stacey, Steinle, 

& Gvozdenko, 2010, p. 61).  
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    Figure 4. Textbook examples on percents (Larson, 2007). 

Example two is a problem that involves finding part of a base when given a real application 

problem.  The next example, Example 3, takes away the real-world aspect of the problem and 

involves finding the base.     

 Another middle school textbook introduces solving percents as proportions as well as 

through an equation method (see Figure 5). This method requires students to understand how 

to convert percents to fractions and decimals; this may cause more room for errors.  Percents 

become more of an application problem once students get to the high school level.   

 

  

  

 

 

 

 

 

Figure 5. Middle School percents equation method (Charles, 1998). 
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The percent problems are now taught to be solved using ratios or in a proportional way.  

Word problems seem to be more dominant in upper level mathematics to allow students to be 

able to connect known concepts with real-world situations.   

 Increasing the difficulty level of percents, percent increase and decrease is one of the 

next topics introduced to students.  The topic is titled “Percent of Change”, which is shown in 

Figure 6 below. Percent increase and decrease continues to be taught to students in word 

problem form.   

 

 

 

 

 

           Figure 6. Textbook Key Concept (Larson, 2007). 

A formula is introduced which they need to apply to a word problem.  Multiple examples are 

reviewed in the textbook for finding both percent increase and decrease.  Other practice 

problems include having students determine, for example, what 4 would be after a 22% 

increase.  This allows the students to solve using the formula but also solve for a missing 

attribute in the formula.   

 Just like in the past, discounts, taxes, and interest rates are the dominant topics at the 

high school level, when discussing percents.  Percents are not recognized as fractions with a 

base of a hundred at the high school level, but rather put into real world situation problems.  

Higher order thinking becomes involved in determining if students clearly have an 

understanding of a percent and also an understanding of a percentage.  An example of this is 
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a problem that would involve students shopping for an iPod (Tannenbaum, 2014).   Making 

problems as relatable as possible to students helps them to make connections once they are 

out of school.  Relatable problems will also help them to see the big picture of what is 

happening when they are solving the problem.  Shopping for an iPod requires the knowledge 

of determining how much the tax will be and then adding that on to the original cost of the 

iPod.  There may also be a discount on the iPod or the buyer has a coupon so that also needs 

to be taken into consideration.  After all those calculations are completed, students then have 

to put their final answer back into the context of the problem.  Overall, students are 

introduced to percents in more of a fraction way and then work their way up to real-world 

problems.  These problems can be numerical, visual, or word problems.  Which types of 

percent problems are most frequently seen on state assessments?  The answer to this question 

is examined in the next section. 

Percents on State Assessments 

 Common Core is the current curriculum used in New York schools.  New York 

adopted this curriculum in 2010 and as of now, all but four states have opted out of using the 

curriculum.  When states first began to implement the Common Core Curriculum, some 

adopted it with state additions.  The states then went on to either fully adopt or gradually 

adopt the new curriculum over several years. Mathematics and English are the two subjects 

that were greatly affected by this new curriculum.  Both subjects have been introduced to 

new standards as well as new assessments.  Percents are one of the many mathematical topics 

that were affected by this change. 

 Students are introduced to percents as early as sixth grade, according to the Common 

Core Curriculum. The sixth grade curriculum requires students to understand how to find the 
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percent of a quantity of rate per one hundred. Located in Grade 6 Mathematics Module 1, 

Topic D, Lesson 24 titled “Percent and Rates per 100” (Grade, 2014) is an exit ticket, which 

assesses the students on their knowledge of percents per one hundred after the lesson was 

taught (see Figure 7).  The exit ticket takes the information from the lesson and incorporates 

it into a real-world application problem.  This type of assessment requires students to pull the 

appropriate information from the word problem and place it in the corresponding boxes on 

the chart.  The assessment also requires students to think about how to convert a percent into 

a decimal and a common fraction as well as create a visual on a ten-by-ten grid.  

 

 

 

 

 

 

 

 

 

 

 Figure 7. Grade 6 Exit Ticket (Grade, 2014). 

Figure 8 is released questions from the Math 6 New York State Common Core assessment 

(NYSED, July 2015) that students are able to see before the assessment is given.  As stated 

before, the sixth grade standards require students to understand how to find percent of a 

quantity of rate per one hundred which correlates with the assessment.   
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  Figure 8. Grade 6, 2015 released assessment question (NYSED, July 2015). 

The problem required students to understand the meaning of percent and then to be able to 

determine the total number of people in the audience when given what twenty percent of the 

total was.  Overall, only 60% of students statewide answered the problem correctly (NYSED, 

2015). 

 Continuing on, seventh grade students study percent within a word problem.  Percents 

are put into real-world application problems where students look at percent increase, 

decrease, and percent error as stated in the common core standard in Figure 9. 

 

 

 

Figure 9. Grade 7 Common Core Standard (Council of Chief State School Officers, 2016). 

 

Percents are not as dominant of a topic in the eighth grade curriculum. The next time students 

are working with percent’s is in ninth grade when the concept of percents is integrated into 

interest and percent rates problems.  A problem that appeared on the Algebra Common Core 

exam is shown in Figure 10.  A percent problem of this type incorporates percents within an 

exponential word problem.   
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Figure 10. August 2015 Algebra 1 Common Core Exam (NYSED, August 2015). 

These types of problems require students to be able to combine different mathematical 

concepts that enable higher order thinking, which is what the Common Core Curriculum is 

all about. 

 Percents are not incorporated within the eighth grade curriculum.  Students are taught 

the basics in sixth, real-world application in seventh, and then not seen again until they are at 

the high school level.  At the high school level the basics are not reviewed but rather percents 

are applied within other mathematics problems and topics.  It should not be unusual then that 

continuous errors and misconceptions are formed.  The following sections will address 

research based on misconceptions when solving percent, word, and numerical problems.  

Misconceptions and Cognitive Approaches  

 Solving Percent Problems 

 There seems to exist a gap between students’ understanding of percents in the 

classroom and the results from research done on misconceptions of percent problems.  
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Research has demonstrated students’ difficulties with the concept of percents as well as the 

calculations behind them (Dole, 2000; Ginsburg, Gal, & Schuh, 1995; Koay, 1998; Patton & 

De Los Santos, 2012; Risacher, 1991). Students from the seventh grade level through the 

eleventh grade level, and even adults, have proceeded to believe that they have a clear 

understanding of percents while studies have proven otherwise. 

 Billie F. Risacher conducted research on students’ knowledge of percents at the 

elementary, middle, and secondary levels (1991). A common misconception between all 

grade levels were students’ transitions among common fractions, decimals, and percents.  

Risacher also examined earlier percent studies and found the same results, “[Early studies] 

found poor performance, particularly in conversions, such as fractions to percent” (p. 6).  

Students also had a lot of difficulty when representing a percent that is less than 1%.  Only 

44% of middle school students and 35% of high school students were able to express 
1

2
% as 

the equivalent decimal representation of 0. 005.  Given sales and tax problems, students had 

the same problems when transitioning among common fractions, decimals, and percents. 

 Even though eleventh graders have learned about percents at a more in depth level, 

this does not mean that they have a better understanding of percents than middle school 

students.  The same lack of understanding has been reported for adults.  Ginsburg, Gal, and 

Schuh (1995) conducted a study that examined adult students with their understanding of 

percents.  This study was done mostly through interviews where the researchers examined 

many different aspects of percent problems.  The participants were asked about their 

understanding of what a percent is, completed tasks including determining percent visually 

and arithmetically, and also encountered real-world shopping problems to determine how the 

adult students would respond.  Overall, adult students had the most difficult time 
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demonstrating knowledge that 100% is the basis of percent problems (Ginsburg, Gal, & 

Schuh, 1995).  Only 52% of the participants were able to correctly solve a problem that was 

about use of 100% as the reference point for percents.  Even though adults encounter real-

world percent problems possibly more than high school students do this does not mean that 

they have better conceptual understanding of a percent.   

 Thus, there seems to be a lack of understanding with percents with all age groups.  

More specifically, the basics behind percent problems are not as comprehended as the 

students may think they are.  The following section will show how this can affect student 

accuracy with word problems 

 

 Solving Word Problems 

 When the world of mathematics and the English language collide, the result is a word 

problem.  When a student is placed in front of a word problem teachers often hear nothing 

but moaning and groaning.  A plentiful amount of research has been done based on stuents 

misconceptions of word problems (Edwards, Maloy, & Anderson, 2009; Gasco, Villarroel, & 

Zuazagoitia, 2014; Goodwin & Miller, 2010; Hegarty, Mayer, & Monk, 1995; Orranti, 

Munez, San Romualdo, & Verschaffel, 2015; Premadasa & Bhatia, 2013; Torigoe & 

Gladding, 2007).  The student may have complete understanding of a mathematical concept 

but when it is put into the context of a word problem, they may get lost in the words and not 

even realize what they have to solve.  Percent is a major topic that is often put into word 

problems because the concept is very real-world based.  The best way to make these 

problems applicable is to put them into a word problem but that does not always result in the 

best scores from the students. 
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 Edwards, Maloy, and Anderson stated, “Math terminology in word problems is a 

comprehension as well as a decoding challenge.  Students need to understand and recall 

mathematics terms and concepts expressed in words” (2009).  Examining Risacher’s study, 

the following figure, Figure 11, shows the percentage of high school students who answered 

two out of six word problems correctly.   

 

 

 

 

        Figure 11. Risacher study results (Risacher, 1991). 

 

A Type 1 problem involves finding a percent of a number, a Type 2 problem involves finding 

a percent when given numbers, and a Type 3 problem involves finding a number when a 

percent of a number is known.  All of these problems are easily solvable by high school 

students.  However, when they are put into a word problem, the presentation of the problem 

affects the students’ success rate.  The word problems also affected adults success rate. 

  Adults were put to the test, dealing with operations when they are in numeric form 

rather than word problem form (Orranti, Munez, San Romualdo, & Verschaffel, 2015).  This 

study looks at too what extent the difficultly of the word problem affects the participants 

ability to accurately take out and solve the appropriate information. Participants were given 

random blocks that had numerical values and operations on them and word problems were 

then presented on a screen using SuperLab software.  At a fixed pace, word problems were 

presented and the participants were asked to solve the problem using the blocks as quickly as 

possible. To familiarize the participants with how the study was going to run, there were five 
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practice rounds prior to the study.  Sixty-seven undergraduate students from the University of 

Salamanca participated for course credit with a mean age of 22.3 years. In the end, the longer 

the word problem, the more likely it was for the students to get it wrong even if the skill level 

was the same as on a shorter word problem. There was a significantly longer response time 

for word problems versus on numerical problems.  

 Performance was higher on problems that were presented in numerical form rather 

than word form.  Also, the format and size of a word problem had an effect on the answers 

the participants gave.  Problems involving subtraction seemed to cause more problems for the 

participants versus addition problems. The level of competence that a participant had also 

had an effect on their performance when working with word problems.  They might have 

been able to solve simple addition and subtraction problems but when they are phrased as a 

word problem and they cannot even understand the words within the problem, then it seems 

to show that they do not know how to solve simple addition and subtraction problems.  

 Past research has shown the struggle students have with word problems and the 

misconceptions that are created.  There tends to be more room for errors when given a 

numeric problem.  That does not mean that numeric problems do not produce errors.  They 

also have multiple misconceptions that have been proven in past research.   

 

 Solving Numeric Problems 

 Numerical problems usually make it clear to determine what needs to be solved.  The 

problem is not put into any context but rather laid out so there is no need to pull out the 

needed information.  There is room for errors in this type of problem however, but more on 

the computational side. Research has been done to compare results when students were given 
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word versus numerical problems.  Also, research has been conducted on the reasoning behind 

the mistakes made when just given a numerical problem (Gasco, Villarroel, & Zuazagoitia, 

2014; Jitendra & Star, 2012; Kennedy, 2000; Koedinger & Nathan, 2004; Lewis & Mayer, 

1987; Patton & De Los Santos, 2012; Weber, 1996; Windschitl & Wells, 1996).  

 As claimed by Weber, “When students understand the numbers involved in the 

computation they are more likely to choose mental computation because they can more easily 

retrieve procedures from their conceptual network.  This was very evident on problems 

contacting decimals, fractions, and percents” (1996, p. 21).  Once students understand how to 

solve a problem, they determine the easiest way to quickly finish it up and move on.  This 

efficiency causes students to perform the computations mentally instead of working it out, 

causing many computational errors.  Mental computations are common with numerical 

problems and even more specifically with percent, decimal, and fractional problems.   

 Common computational errors are observed at all grade levels when dealing with 

numerical problems.  Tenth graders and seventh graders were participants in a study in which 

they were asked to follow a series of steps numerically, visually, and algebraically.  Both 

groups of students had a mean score of above 90% on all numeric representation steps.  

Patton and De Los Santos note, “This data further supports the literature that students 

generally do well on arithmetic or numeric skills” (2012, p. 18).  Gasco, Villarroel, and 

Zuazagoitia also conducted a study that involved tenth grad students.  

 A study was conducted with 211 ninth grade students and 195 tenth grade students in 

Basque Country in Spain (Gasco, Villarroel, & Zuazagoitia, 2014).  The researchers state that 

word problems play a very crucial role in mathematics education so the study focuses on the 

procedures taken by high school students to solve word problems.  The students were given 
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three mathematics problems that could have been solved any way they chose.  The 

researchers then split the students up into three groups.  Group 3 includes students who 

answered the problems in an algebraic fashion. Group 2 includes students who answered the 

problems in both an algebraic and arithmetical way, either two problems were solved 

algebraically and one arithmetically and vice versa. Group 1 includes the students who 

lacked the understanding of the problem and did not have a sense of how to solve two or 

more of the problems. The questions were given in a range from lower to higher degree of 

complexity.  The second problem, however, resembles the first one but asks the students for 

more information.  Figure 12 shows the problems that were used in the study that were in 

fact, problems used in a previous study. 

 

 

 

 

 

       Figure 12. Study questions (Gasco, Villarroel, & Zuazagoitia, 2014). 

The results show that 33% and 32% of ninth and tenth grade students, respectively, were part 

of Group 1.  The results also indicate that 45% and 56% of ninth and tenth grade students 

respectively were part of Group 3.  The results demonstrate that students have a difficult time 

removing the information that they need if they did not understand the word problem but the 

students that were able to extract the appropriate information, accurately solved the problem 

numerically.  If the problems were just given numerically, the percentage of students who 

solved the problem accurately would most likely go up.  
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 Computational errors are a struggle that all students and adults face whether it is a 

percent, word, or numerical problem. Most of the studies examined in this literature review 

had participants who were primarily high school students.  The current study is aimed more 

at determining the misconceptions and errors made by college students when given percent 

problems in word and numerical form.  

Experimental Design 

 

 This experiment tested the hypothesis that students would have a more difficult time 

solving percent word problems than numerical percent problems.   During this study, 

students were administered two types of assessments that contained six percent problems 

each.  Specifically, three of the problems were word problems and the other three problems 

were numerical problems.  Each item on one assessment had an equivalent item on the other 

assessment just in the alternate form.  Therefore, there were 12 total problems between the 

two assessments, which consisted of six isomorphic pairs.  The problems were generated 

through a pilot exam given to college students regarding percents.  These problems were 

related to common questions given to middle and high school students when learning the 

concept of percents.  The responses to the problems were evaluated and compared to the 

responses given in the survey.  The survey asked participants demographic questions as well 

as which problems they thought were the most difficult and why and which problems they 

thought were the least difficult and why.  The specifics of the participants are indicated in the 

next section. 
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Participants  

 This study was conducted at a four-year, comprehensive, public, liberal arts 

university in the northeastern part of the United States.  The university has approximately 

5,000 students, including about 300 graduate students.  

Gender of 

Undergraduate 

Students 

Percentage of 

Students 

Male 45.6% 

Female 54.4% 

Race of University 

Students 

Percentage of 

Students 

Caucasian 78.9% 

Hispanic 5.9% 

African American 5.6% 

Asian 3.9% 

Multi-race 2.2% 

American Indian 0.4% 

Native Hawaiian  0.1% 

Unknown 3% 

Gender of 

Participants 

Number of Students 

Male 18 

Female 10 

        Figure 13. College Students Demographics. 

The majority of the students at this university live in the surrounding area but there are also 

some students from other states as well as from other countries.  The undergraduate student 

population is 54.4% female and 45.6% male.  The demographics (see Figure 13) that make 

up the population are: 78.9% Caucasian, 5.9% Hispanic, 5.6% African American, 3.9% 

Asian, 2.2% Multi-race, 0.4% American Indian, 0.1% Native Hawaiian, and 3% Unknown. 
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This study focuses specifically on students taking a University Pre-Calculus class.  The 

participants were 28 students who were enrolled in one section of a Pre-Calculus course. 

These students were non-mathematics majors and took this class to prepare themselves for 

when they go on to take University Calculus I or a lower level type of calculus course titled 

Survey of Calculus.   

 Most of the students who took this assessment were considered to be knowledgeable 

and competent in mathematics since their majors require them to have a mathematical 

background to some degree.  Few students, however, have been away from a mathematics 

course for a few years, which was likely to hinder their mathematical competence.  Written 

consent from the participants was given before the assessment was administered (see 

Appendix E).  The assessment was designed for students at their level to complete in a 

minimal amount of time, 15 minutes, but also have enough problems to be able to formulate 

results. 

Design  

 This experiment tested the hypothesis that students would experience more 

difficulties solving percent word problems than numerical percent problems.  Students were 

given two assessments three weeks apart from each other and each one consisted of six 

problems (see Figure 14).  Three of the items were in word problem from and the other three 

were in numeric form.   Each numerical problem had a corresponding word problem but they 

appeared on different assessments.  The students had ten minutes to complete each 

assessment.   
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       Figure 14. Design Summary. 

Upon completing the assessment, students were handed a three-question survey to complete 

which asked some demographic questions along with which problem they thought was the 

most difficult and why and which problem they thought was the least difficult and why.  

Each student was given the same survey to complete after each assessment that they took. 

 

Instrument Items and Justification 

 The assessment items were comparable to problems that could be found in middle 

and high school textbooks when discussing the topic of percent.  

 

 

 

 

    Figure 15. Assessment Topics. 

The problems given in the assessment were items that should be familiar to the participants. 

The assessment had five overall percent topics: basic, tip, coupon, percent increase, and 

percent decrease as seen in Figure 15.  There were two assessments with three word 

problems and three numerical problems alternating on each instrument. Each word problem 

- Basic Percent (2 Problems) 

- Tip (1 Problem) 

- Coupon (1 Problem) 

- Percent Increase (1 Problem) 

- Percent Decrease (1 Problem) 

January 28, 2016 

Complete Assessment A (15min) 

- Complete the Survey 

 

~~~~~~~~~~~3 weeks later ~~~~~~~~~~ 

 

February 18, 2016 

Complete Assessment B (15min) 

- Complete the Survey 
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has a corresponding numerical problem. One problem is on Assessment A and its 

corresponding problem on Assessment B which was in the alternate form. Each paired 

problem has the same difficulty level and employs the same technique, one is just in word 

form and one is in algebraic form.  Below, problem 1 is a word problem that appears on  

Assessment A and problem 2 is a numerical equivalent of similar difficulty of the word 

problem but appears on Assessment B.   

 

 

 

  Figure 16. Basic Percent Problems. 

These types of questions can be used to determine if the participant has a general 

understanding of how to find a percentage.  Analyzing how the participants solve these 

problems show if they are able to determine percents through proportions or through a 

different type of method.  Similarly, problem 3 is a numerical problems that appears on 

Assessment A and question 4 is its’ pair in a word problems that appears on Assessment B. 

 

 

 

  Figure 17. Basic Percent Problems. 

Students are able to solve these problems in no more than several steps and they generally 

solved it in a very similar manner.  When examining another pair of problems, one can note 

the increase in the difficulty level. 

 

Question 1: There are 26 students in a class.  Seventeen of the 

students are women.  What percentage of students are women? 

 

Question 2: Twelve is what percentage of 18? 

 

Question 3: What is 
13

29
 as a percent? 

 

Question 4: There are 47 people in a movie theatre.  Eighteen of 

them are men.  What percentage of the people in the movie 

theatre are women? 
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         Figure 18. Discount Problems. 

The students are able to visualize the situation happening in the word problems but when 

examining the numerical problem, they had a hard time with the decimal when not in context 

of money.  This is a type of problem that is able to show if the student had an understanding 

of percents well enough to put into a real world application problem.   Sometimes errors 

occur with the decimal, however this is how money works.  Another money related problem 

is shown in the next pair of questions.   In these problems, the students were to determine the 

total bill after the tip versus the cost after a coupon like in the prior problem.   

 

 

 

          Figure 19. Tip Problems. 

 It was expected that students were to become lost in the words of the word problem but with 

the numeric problem, they would know what they were looking to find and to also be able to 

compute the result with minor errors if they have an understanding of percents.  Most 

students may have errors with remembering to then add their percentage back to the original 

amount to then obtain the total of the bill.  After the students study real world percent 

problems dealing with money, percent increase and decrease problems are introduced.  The 

Question 5: What is left after taking 20% off of 3.10? 

 

Question 6: You go to the grocery store and realize that you have 

a coupon for 20% off a box of Cheerios.  A box of Cheerios cost 

$2.30 at your local grocery store.  What is the cost of the Cheerios 

after the coupon? 

 

Question 7: What is the sum of 22.90 and 17% of that? 

 

Question 8: Becky and John go to the diner for breakfast Sunday 

morning.  There total comes to $18.60 after tax.  How much will 

there total be after giving their waitress a 15% tip? 
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next pair of problems involve a percent decrease problem where more errors were expected 

to be made compared to prior problems.  

 

 

 

 

 

          Figure 20. Percent Decrease Problems. 

 

Similarly, the last pair of problems is a percent increase problem where there is expected to 

be the same amount of errors as the percent decrease problems. 

 

 

 

 

 

       Figure 21. Percent Increase Problems. 

 

Giving a variety of real-world application problems show where the strengths and 

weaknesses within students are.  Specifically, is it between simple percent computation 

problems, money problems, percent increase problems, and/or percent decrease problems?  

The percent decrease and increase problems were placed at the end because they are assumed 

to be of highest difficulty.   

Question 11: What is the percent increase from 9 to 11? 

 

Question 12: Betty wants to buy a new house.  Before she can do 

this she wants to see what her house is valued at so she knows 

how much money she has to spend.  Six years ago she bought her 

house for $167,000.  She made lots of upgrades and her house is 

now valued at $185,000.  What is the percent increase of her 

house? 

 

 

 

 

Question 9: New Years rolls around and your new years 

resolution is to go on a diet.  In January you weighed in at 168lbs. 

and six months later you weighed in at 132lbs.  What is your 

percent weight loss? 

 

Question 10: What is the percent decrease from 308 to 125? 
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 A four-question survey (see Figure 22), was given to each participant after each 

assessment was completed. 

 

Figure 22. Study Survey. 

 

The first prompt incorporated demographic questions to determine if gender, grade, and/or 

age had any effect on their assessment results.  Knowing that all of the participants are non-

mathematics majors, the second question asks them to state their specific major.  This also 

allows it to be determined if the participants major had an effect on their assessment results.  

Questions three and four ask the participant to state which question they thought was the 

most difficult and why and then the least difficult and why, respectively.   It was expected 

that the beginning problems would be listed as the least difficult problems because they were 

basic percent problems.  It was also expected that the last problems would be listed as the 

most difficult because it incorporates multiple percent concepts within one problem.   

Follow up questions: 

 

1. Circle one of the following: 

 

Gender:  Male    Female 

 

Grade:  Freshman Sophomore Junior  Senior  Graduate 

 

Age:   Under 18  18-21   Above 21 

 

 

2. What is your major? 
 

 

3. Which question did you find to be the most difficult and why? 
 

 

4. Which question did you find to be least difficult and why? 
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 The multiple problem types within the given assessments allowed for there to be short 

assessments consisting of only one or two questions on each topic. Minimal questions still 

allowed for examination of accuracy for each problem type but limited a large amount of 

possible points to be given and analyzed.  The next aspect of this study focuses specifically 

on the methods of data analysis. 

Methods of Data Analysis 

 In order to test the hypothesis, the two, six-problem assessments were scored using a 

rubric next to each problem.  The assessments were scored based on how many correct 

answers and steps the student had on the assessment out of an overall 26 possible points. If 

the student received full credit on a problem, a plus sign was placed next to it.  If the student 

got a problem wrong, a slash was put through the problem.  If partial credit was awarded, a 

plus sign was placed next to each correct step or a slash through an incorrect step. The 

specific scoring rubrics and statistics that were generated are listed throughout the following 

section. 

Data Collection and Scoring Rubrics 

 The results from this study were obtained by administering the assessment to a class 

of college students enrolled in a university Pre-Calculus class.  The first assessment was 

given during the second week of the class and the second assessment was given during the 

fifth week of semester-long class.  Each assessment was scored and based on a total of 26 

possible points.  The problems had a different number of total points possible, ranging from 3 

to 5 points.  A chart with a breakdown of all the points and justification for points is located 

in Appendix A.   
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 Students were allowed to use a calculator on this assessment but they were also asked 

to show all of the work done to approach their final answer.  Units and rounding were also 

taken into consideration in the scoring process. Once all of the data was collected, the 

researcher then analyzed the data to form conclusions on the comparisons being made in 

regard to the hypothesis of this study.  Mean scores were generated and interaction plots were 

created as a visual.  

Descriptive Statistics   

 Once both assessments were completely graded, the results were analyzed and 

compared in various ways.  The mean score for each problem and the mean of the total 

scores were calculated.  The means were compared by the following categories: 

 Gender 

The scores of males versus females were compared to determine if there would be a 

difference in gender. 

 Major (STEM or non-STEM) 

The participants were grouped into either a STEM or non-STEM category.  Since University 

Pre-Calculus was taken mostly by students who are going into some field that requires 

calculus, almost all of the participants fell into the STEM category.   

 Difficulty of the Problem 

The problems were listed in an increasing difficulty rate on each assessment.  This way the 

students would not become frustrated with a more difficult problem first but would work 

their way up to the harder problems.  This also made is easier to compare the difficulty of the 

isomorphic pairs throughout the assessments.  
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 Word versus Numerical Problems 

The major results from this study came from this comparison.  The scored on the six word 

problems and their isomorphic pairs were compared to determine which type of problem had 

more accuracy.  Word problems of different difficulty were also compared as well as 

numerical problems of different difficulty. 

 Type of Problem 

There were five different types of problems given throughout both assessments: basic 

percent, discount, tip, percent increase, and percent decrease.  The performances on the 

different types of percent problems were compared to determine if the students were more 

accurate on one type versus another.  Which type of problem was most difficult was also 

examined and then, even more specifically, if it was in word form or numerical form.  

Inferential Statistics  

 The data generated was analyzed through the statistical software Minitab.  Most of 

the data was quantitative so the information was entered into Minitabs’s basic statistic feature 

to develop graphs and calculate means of the scores in the different categories.  Interaction 

plots were a clear way to create a graph that demonstrates the comparisons between the 

means of word and numerical problems as well as the means of different types of percent 

problems.   More specifically, the mean scores of word and numerical problems were 

compared as well as the mean sores of different types of percent problems given on the 

assessment.  An analysis of variance test (ANOVA) was also used to determine if there were 

any statistically significant results.  The use of this software allowed the hypothesis to be 

analyzed and results to then be created which is listed in the following section. 
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Results 

 After analyzing the data collected from this study, three major results emerged.  The 

significance level used was 0.05. 

1. Overall, students performed better on word problems than on numerical problems. 

 a. The scores on four out of the five percent topics were more accurate when the 

problem was in word form instead of numerical form. 

 Discount, tax, percent decrease, and percent increase are the four percent topics on 

which the students had a higher mean score when in word form versus numerical form 

(�̅�𝑤𝑜𝑟𝑑= 0.742, �̅�𝑛𝑢𝑚𝑒𝑟𝑖𝑐= 0.519).  There was a significant difference in scores on word 

versus isomorphism numerical form.  (p-value: 0.007)  

 b. Units were more precise when the problem was given in word form. 

 There was not a significant difference in the scores between students using units 

when solving a word problem versus a numerical problem.  (p-value: 0.881,  

�̅�𝑤𝑜𝑟𝑑= 0.891, �̅�𝑛𝑢𝑚𝑒𝑟𝑖𝑐= 0.814) 

 c. Basic percent problems resulted in the highest mean scores when given in 

numerical form. 

 Two out of the six problems on both assessments were basic percent problems and of 

lowest difficulty which generated the most accurate responses both in word and 

numerical form but this was not statistically significant. (p-value: 0.417, �̅�: 0.852) 

2. Overall, basic percent problems were the highest scored topic while percent 

increase was the lowest scored topic. 

 There was a significant difference between the scores of basic percent problems and 

percent increase problems, however the means were greatly different.  
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(p-value: 0.003 , �̅�𝑏𝑎𝑠𝑖𝑐= 0.859, �̅�𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒= 0.425) 

3. Overall, rounding was accurately applied only to money problems.  

 There was a significant difference between rounding used on basic, percent increase 

and percent increase problems versus discount and tip problems.  However it was clear 

that students were more aware to put a money sign with a money problem versus a 

percent sign with a percent increase problem. (p-value: 0.000) 

Examining the results more specifically, we conclude the following information. 

Result 1: Overall, students performed better on word problems than on numerical problems. 

 The scores on four out of the five percent topics were more accurate when the 

problem was in word form instead of numerical form. 

Investigating each assessment, the isomorphic pairs were grouped into different problem 

types.  Overall, it became clear that students were most successful with the basic percent 

problems than all other types of problems.  However, when the four other topics were put 

into word form, the students were able to more accurately arrive at a solution.  Table 1 

displays mean scores of each problem type when they are in word form versus numeric form 

gathered from Minitab.   

Problem Type Mean for Word Problem Mean for Numerical 

Problem 

Basic 0.8113 0.9057 

Discount 0.8214 0.6800 

Tax 0.7600 0.4643 

Percent Decrease 0.7857 0.6800 

Percent Increase 0.600 0.2500 

Figure 23. Data Means for Problem Type Final Answer. 
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It can be observed that overall, the basic percent problems had a higher mean score.  On the 

other hand, the basic problems are the only types of problems that students were more 

successful on when in numerical form versus word form.  Determining why this could be, 

student work was analyzed to investigate where the problem areas came from (see Figure 

23).  Below is the work compared on the percent decrease problems from the same student.  

 

 

 

 

 

Figure 24. Student Work on Percent Decrease Problems. 

The figure on the left shows little to no understanding of percent decrease in the solution.  

The student took the two numbers given and just divided them to reach their answer.  When 

given in word form, the student seemed to realize that the difference of the two numbers 

needed to be determined.  It follows that the difference divided by the larger number 

becomes the solution.  Notice there is also a percent sign labeled with the word problem 

solution but not with the numeric solution. This observation leads to the next result. 

 Units were more precise when the problem was given in word form. 

Examining units was not something that was originally going to be analyzed until the data 

collection part of this study.  It became clear that students did not know or remember to apply 

units when the question was given in numerical form.  Once the problem was in word form, 

it seemed to generally remind students to include units to their answer.  There was not a 

significant difference between students using units when solving a word problem versus a 
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numeric problem with a p-value of 0.881.  An interaction plot was generated on Minitab to 

display the difference between the means of units placed on solutions to numeric problems 

and units placed on solutions to word problems.  The graph displayed that the mean score of 

students who received full credit on applying units was higher on word problems than 

numerical problems.  However, the mean score was also higher for word problems than 

numerical problems when comparing the students who forgot to apply units when necessary. 

These statistics suggest that students need to be reminded to label their solution to connect 

their answer back to the original problem weather it is a word problem or a numerical 

problem. 

 Basic percent problems resulted in the highest mean scores when given in numerical 

form. 

An analysis of variance was conducted between basic percent problems in word form and 

those in numerical form.  Two out of the six problems on each assessment were basic word 

problems so there would be more data to work with to arrive at a conclusion on this 

comparison.  The comparison turned out to not be statistically significant.  The basic percent 

problems in numerical form had an overall mean score of 0.852 while those in word form 

had an overall mean score of 0.805.  After determining the most accurate type of percent 

problem, which is the basic percent problems, this leads into the examination of the least 

accurate type of percent problem. 

Result 2: Overall, basic percent problems were the highest scored topic while percent 

increase was the lowest scored topic. 

Upon analysis of the different types of percent problems, the mean scores of the types of 

problems in word form versus numerical form greatly changed.  Table 2 is comparing the 
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mean scores of the basic percent problems in word and numerical form and percent increase 

in word and numerical form.  

Problem Type Mean for Word Problem Mean for Numerical 

Problem 

Basic 0.8113 0.9057 

Percent Increase 0.600 0.2500 

Figure 25. Mean scores for Basic and Percent Increase Problems. 

This figure presents a simple visual to examine the change in mean scores from numeric 

problems to word problems wen specifically observing the highest scored topic, basic 

percents, and the lowest scored topic, percent increase. Multiple errors arose when students 

attempted to solve percent increase problems.  Below are two student samples that are 

suitable examples of common mistakes made (see Figure 24). 

 

 

 

 

 

 

 

Figure 26. Percent Increase Misconceptions Student Work.  

The first sample, on the left, was a common problem solving technique used involving cross 

multiplication.  The students assumed that to find the percent, they would use the commonly 

known phrase, “is over of equals percent over one hundred”.  It follows with cross 

multiplication and division to result in an 𝑥-value.  The students then assumed that 
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percentage had to be taken away from one hundred and thus reached their answer.  The 

student, whose work is on the right, also determined a percentage between the two integers 

given and then subtracted that from one hundred.  Both sample solutions lack the 

understanding that for a percent increase problem, the difference between the integers given 

needs to be determined.  Overall, many students failed to accurately complete this problem. 

Result 3: Overall, rounding was accurately applied only to money problems.  

Students who were involved with this study tended to struggle with rounding to the 

hundredths place unless the problem was a money-based problem.  The directions stated that 

each answer should be rounded to the nearest hundredths place and calculators were 

permitted.  When performing an Analysis of Variance, a p-value of 0.000 showed that it was 

statistically significant.  Furthermore, an interaction plot was created to visually note the 

difference between the type of problems and the mean score of students rounding.  The 

findings show that the percent decrease problems resulted in the highest mean score when 

comparing different problem types and rounding accuracy.  When analyzing the types of 

problems that are money-based, discount and tax, they have two of the three highest mean 

scores out of all types of problems.  They also have the lowest number of students who 

received zero points for rounding.  On the other hand, basic percent problems had the highest 

mean score for students receiving zero points for rounding and percent decrease resulted with 

having the highest mean score for students receiving full credit for rounding.  The word 

percent decrease problem was also money based. 

 The hypothesis stated that college students would perform better on percent problems 

when given in numeric form versus in isomorphic word form.   The three major results taken 

away from this study have proven otherwise.  Students are able to place themselves in a 
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situation to determine how to go about solving it when the problem is given to them in word 

form.  The words did not hinder their ability like assumed but rather assisted them in their 

approach.  

Implications for Teaching 

 This study explored college students’ ability to accurately solve percent problems 

when presented in word and numerical form.  It was hypothesized that students would more 

accurately complete numerical problems.  There was evidence to reject the hypothesis seen in 

the results.  The original comparisons for this study were greatly extended after the data 

began to be generated.  Along with thought on determining how to improve the study for the 

future three implications for teaching were also developed. 

Implication #1: Educators need to attempt to incorporate percent problems in real-world 

scenarios as much as possible for students. 

 This study demonstrated that students had a greater ability to solve percent problems 

when in word form rather than in numeric form.  Students will be exposed to word problems 

in day-to-day activities so it is logical to expose them to word problems.  This study revealed 

that students were more accurate with rounding and units when percent problems were 

related to real world situations.  This result should be brought into the classroom to determine 

a way to resolve this issue.  Most textbooks offer word percent problems. Instructors should 

plan lessons around the word problem and approaches to a situation.  Make a point to show 

how important the rounding and units are with each problem, which carries over from word 

problems to numeric problems.  This is also beneficial because as seen on the Algebra 1 

Common Core Exam from August 2015 (NYSED, 2015), determining a students 

understanding of percents will most likely be asked through a word problem.  Another way to 



PERCENT PROBLEMS  TRONOLONE 37 
 

incorporate real-world situation problems into the classroom would be a possible project 

given at the beginning of the percent unit.  Students would be given a real world problem that 

may involve discounts, tax, coupons, and so on, which would present a purpose to the unit on 

percents within the classroom.  

Implication #2: Students need to be reminded to put their final answers back in to the 

context of the original problem.  

 There was a great lack of units and appropriate rounding throughout the numeric 

problems.  The directions stated to round all answers to the nearest hundredth place and to 

not forget to add units when necessary.  This would imply that teachers should penalize 

students more severely when they omit the necessary units and/or rounding to a problem.  

The problem really is not finished without them and such omissions shows lack of 

understanding of the problem.  Observing the data, it was interesting to examine how 

students would apply units and rounding more frequently when the problem was in word 

form rather than numeric form.  The words appeared to remind the students that it is 

necessary to apply units and appropriate rounding with the answer.  Teachers need to teach 

students that units and rounding are just as important with numeric problems.   

 Handing students a matching worksheet with solutions on one side that have units and 

rounding and then questions on the other side may assist the clarification of why units and 

rounding is so important.  Instructors should instruct students to try to match the solutions to 

the question without solving the problem.  Allowing the students to think about the question 

and make a guess on how the solution will look will help higher order thinking when solving 

the problem and should make the students be more aware of their final answer.  This will 
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hopefully get them thinking about and understanding how important and helpful units and 

rounding on their final answer really is.    

Implication #3: Increase the focus on percent increase and percent decrease problems 

when teaching the topic of percents. 

 This final implication for teaching resulted from the investigation of the least accurate 

problems from both assessments.  Percent increase and percent decrease were the struggle 

areas for generally all students.  The mean score of percent increase word problems was 

0.600 and the mean score of percent decrease word problems was 0.7857.  One factor to the 

lack of accuracy may be that students could not remember the general formula for percent 

increase and decrease problems.  This is generally taught at the beginning of their secondary 

schooling and this study involved college students.  The formula may just have been 

something a teacher put on the board, which the student memorized to then use quickly on an 

assessment.  Examining the students’ work from this study, when a percent increase or 

decrease problem was given numerically, little to no understanding of why or how the 

numbers are subtracted to obtain your numerator was shown.  Most students knew to place 

the larger number in the denominator but it was not until the word problems that students 

realized that the two given numbers needed to be subtracted to attain the numerator.    

 There are multiple variables behind students’ lack of understanding of percent 

increase and decrease.  Some other factors may be that a student missed the day that the 

formula was introduced and it was not reviewed enough after that nor showed to be of much 

importance within the unit. Teachers need to make more of a connection between the percent 

increase and percent decrease formula and the reason behind why it works for students.  
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This became clear with the percent increase and percent decrease problems given in this 

study. 

 Based off of some of the major results gathered from this study, these are the three 

key implications for teaching.  Examining other comparisons made in this study, there are 

other implications that could be made but those implications could be stronger if their were 

enhances made to the study.   

Implications for Further Research 

 Since the evidence in this study disproved the hypothesis, further research in this area 

may generate interesting results.  One might consider examining linear functions and volume 

problems to see if the same results appear when comparing word and numeric problems.  

Will words hinder a students’ ability to accurately solve a liner function problem or a volume 

problem?  Or would the words enhance the students’ ability to accurately solve those types of 

problems like it enhances students’ ability in this study? Incorporating visuals versus non-

visuals with the numerical problems and with the word problems.  How would that affect the 

results of the study?   

 One might consider giving the assessments three months apart rather than three weeks 

apart.  A larger time gap, such as, giving them assessments a year apart with more problems 

on it.  More problems on the assessment would allow for more data to be gathered as well as 

possibly more accurate results.  Also having the assessments being given that far apart would 

allow for more confidence in the participants not remembering the first assessment.  More 

problems on the assessment would also affect the amount of time allotted for the students to 

take the assessment.  Would a time extension or time reduction affect the results in any way?   
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 Finally, an interesting point to consider, would there be a difference in the results if 

one assessment was all numeric problems and the other assessment was all word problems?  

More specifically, each assessment had all the same type of problem but varied in difficulty.  

The assessment in this study was given in increasing difficulty.  It was believed that students 

would gain more confidence on the assessment when the least difficult problems were at the 

beginning and they worked their way up to the expected most difficult problems.  Interesting 

results may be generated if the assessments were changed that drastically.   

Concluding Remarks 

 The motivation behind this study came from the constant use of percents in everyday 

life.  Going to the grocery store and having the next generation cashing people out and being 

unable to determine the percent off of an item with a coupon before the computer tells what it 

is.  Based on the past research that was examined on percents, word problems, an numeric 

problems and the results that were generated by this study, there is room for improvements 

within this study.  On the other hand, implications for teaching could still be created.  
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Appendix A 

Assessment A 

Question Points/Justification 

Question 1 

(4 total points) 

“There are 26 students in a class. Seventeen 

of the students are women. What 

percentage of students are women?” 

 

-1 point: Showing Correct Fraction  

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 

Question 2 

(3 total points) 

“What is 
13

29
 as a percent?” 

 

 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 

Question 3 

(5 total points) 

“You go to the grocery store and realize 

that you have a coupon for 20% off a box 

of Cheerios. A box of Cheerios cost $2.30 

at your local grocery store. What is the cost 

of the Cheerios after the coupon?” 

 

-1 point: Correctly Determined 20% 

-1 point: Correct Subtraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units ($) 

Question 4 

(4 total points) 

“What is the sum of 22.90 and 17% of 

that?” 

 

-1 point: Correctly Determined 17% 

-1 point: Correct Addition 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

Question 5 

(5 total points) 

“New Year’s rolls around and your new 

year’s resolution is to go on a diet. In 

January you weighed in at 168lbs. and six 

months later you weighed in at 132lbs.  

What was your percentage weight loss?” 

 

-1 point: Determined the Correct    

Difference 

-1 point: Correct Fraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 

Question 6 

(5 total points) 

“What is the percent increase from 9 to 

11?” 

-1 point: Determined the Correct    

Difference 

-1 point: Correct Fraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 
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Assessment B 

Question Points/Justification 

Question 1 

(2 total points) 

“Twelve is what percentage of 18?” 

 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

Question 2 

(5 total points) 

“There are 47 people in a movie theatre.  

Eighteen of them are men. What 

percentage of the people in the movie 

theatre are women?” 

 

-1 point: Determined the Correct 

Difference 

-1 point: Correct Fraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 

Question 3 

(4 total points) 

“What is left after taking 20% from 3.10?” 

 

-1 point: Correctly Determined 20% 

-1 point: Correct Subtraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

Question 4 

(5 total points) 

“Becky and John go to the diner for 

breakfast Sunday morning. Their total 

comes to $18.60 after tax. How much will 

their total be after giving the waitress a 

15% tip?” 

 

-1 point: Correctly Determined 15% 

-1 point: Correct Addition 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units ($) 

Question 5 

(5 total points) 

“What is the percent decrease from 308 to 

125?” 

-1 point: Determined the Correct    

Difference 

-1 point: Correct Fraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 

Question 6 

(5 total points) 

“Betty wants to buy a new house. Before 

she can do this she wants to see what her 

house is valued at so she knows how much 

money she has to spend. Six years ago she 

bought her house for $167,000.  She made 

lots of upgrades and her house is now 

valued at $185,000. What is the percent 

increase of her house?” 

-1 point: Determined the Correct    

Difference 

-1 point: Correct Fraction 

-1 point: Correct Final Answer 

-1 point: Correct Rounding 

-1 point: Correct Units (%) 
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Appendix B 

Directions: Solve the following problems.  Show all work and round to the nearest 

hundredth. Don’t forget units when necessary.  PART A 

 

 

1. There are 26 students in a class.  Seventeen of the students are women.  What 

percentage of students are women? 

 

 

 

 

 

2. What is 
13

29
 as a percent? 

 

 

 

 

 

3. You go to the grocery store and realize that you have a coupon for 20% off a box of 

Cheerios.  A box of Cheerios cost $2.30 at your local grocery store.  What is the cost 

of the Cheerios after the coupon? 

 

 

 

 

 

4. What is the sum of 22.90 and 17% of that? 

 

 

 

 

 

5. New Years rolls around and your new years resolution is to go on a diet.  In January 

you weighed in at 168lbs. and six months later you weighed in at 132lbs.  What was 

your percentage weight loss? 

 

 

 

 

 

 

6. What is the percent increase from 9 to 11? 
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Appendix C 

Directions: Solve the following problems.  Show all work and round to the nearest 

hundredth. Don’t forget units when necessary.  PART B 

 

1. Twelve is what percentage of 18? 

 

 

 

 

2. There are 47 people in a movie theatre.  Eighteen of them are men.  What percentage 

of the people in the movie theatre are women? 

 

 

 

 

 

3. What is 20% off of 3.10? 

 

 

 

 

 

4. Becky and John go to the diner for breakfast Sunday morning.  There total comes to 

$18.60 after tax.  How much will there total be after giving their waitress a 15% tip? 

 

 

 

 

 

5.   What is the percent decrease from 308 to 125? 

 

 

 

 

 

 

6. Betty decides that she wants to go find a new house.  Before she can do this she wants 

to see what her house is valued at so she knows how much money she has to spend.  

Six years ago she bought her house for $167,000.  She made lots of upgrades and her 

house is now valued at $185,000.  What is the percent increase of her house? 
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Appendix D 

 

 

Follow up questions: 

 

 

1. Circle one of the following: 

 

Gender:  Male    Female 

 

Grade:  Freshman Sophomore Junior  Senior  Graduate 

 

Age:   Under 18  18-21   Above 21 

 

 

2. What is your major? 
 

 

 

 

 

3. Which question did you find to be the most difficult and why? 
 

 

 

 

 

 

 

4. Which question did you find to be least difficult and why? 
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Appendix E 

Consent Form 

 

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.  Feel free to retain a copy 

of this letter for your files.  Thank you for your consideration regarding this request.  

Remember that signing this form allows Ms. Tronolone to use your data for the research 

project.  All students are required to participate if they sign the form of not. 

 

 

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.  I understand 

that there will be no penalty for not participating.  If I withdraw my confidentiality will be 

maintained.  I understand that if I have any questions about the study, I may contact Ms. 

Tronolone at etronolone@fredonia.edu. 

 

Please return this original, completed consent form as soon as possible.  Thank you for your 

cooperation. 

 

 

 

Participant Name (Please Print):  

 

 

___________________________________________________ 

 

 

 

Participant Signature:  

 

 

____________________________________________________________ 

 

 

 

 

Date: ____________ 

 
 

 
 

 

 

mailto:etronolone@fredonia.edu



