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Abstract 

 

This study examined the methods and skills of college students to solve problems based on rates 

of changes and unit conversions.  It was hypothesized that students have misconceptions about 

rates of change and unit conversions, students would make the most mistakes when solving 

problems with multiple tasks, and that students would rely on textbook methods when the 

context is unfamiliar.  Participants took an assessment consisting of six problems ranging in 

difficulty according to the number of mathematical tasks within the problem and the students’ 

familiarity with the context.  Students also completed a short survey in order for the researcher to 

collect background information on each student.  In addition to grading the assessment based on 

correctness, the methods that students used for each problem were categorized.  The results of 

this study indicated that problems solved using a logical or narrative method were answered 

correctly more so than problems solved using other methods.  The problem with the most 

mathematical tasks proved to be the most difficult problem for the students to answer correctly. 
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Introduction 

 This study explores the comprehension of rates of change and unit conversions among 

college students.  Specifically, the researcher examines students’ methods of solving problems 

on these topics and where they have shown difficulty.  This topic may sometimes be neglected 

by mathematics teachers as it is considered a topic that would be addressed more thoroughly in a 

science class.  Rates and unit conversions are used every day in a wide variety of applications, 

from measuring speed in miles per hour to reducing a recipe.  This knowledge is essential, as 

illustrated by these everyday tasks, and needs to be taken more seriously in the mathematics 

classroom. 

 Interest in this topic originated with a YouTube video called The Real Meaning of MPH.  

In the video, a man asks his wife how long it takes to drive eighty miles if you are driving eighty 

miles per hour.  His wife begins by saying, “well, if I run the mile in about nine minutes.” By the 

end of the five-minute conversation, after her husband explains the mathematical reasoning 

behind the problem, the woman still does not believe he is correct.  It is astonishing that a 

woman of approximately twenty-five years of age does not understand the concept of miles per 

hour, a unit rate that is used almost every day by the driving population of the world.  Are there 

other educated people in this world who do not understand what a rate is? 

 This common-sense knowledge, especially about rates of change, will follow students not 

only in the real world but in higher level mathematics education (Bezuidenhout, 1998).  The goal 

of this study is to investigate how students analyze rates and unit conversions then to find what 

methods they use to solve problems related to rates and unit conversions.   

It is hypothesized that college students have misconceptions about rates of change 

and unit conversions.  Specifically, students will make the most mistakes when 
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solving multi-step unit conversion rate problems.  In addition, textbook 

approaches will most frequently be used on problems where context is unfamiliar. 

 This hypothesis was tested by administering an assessment to a sample of students from a 

university population.  Sample problems included, “how long does it take to travel eighty miles 

if you are driving eight miles per hour?” and, “how long does it takes to travel one hundred miles 

if you are driving eighty miles per hour?” The participants were also asked to take a survey that 

provided an indication of the perceived difficulty of each problem on the assessment.  Once 

completed, the assessments were graded with a rubric recording the amount of work shown, the 

different methods used, and the number of correct answers for each problem.  The following 

literature review addresses the history of rates of change and unit conversions, their role in the 

mathematics and science classroom, and common misconceptions of these concepts and 

terminology. 

Literature Review 

The purpose of this literature review is to explore previous research conducted in relation 

to students’ misconceptions and understanding of rates of change and unit conversions.  The 

majority of the resources in this literature review focused on a population of middle and high 

school students.  This literature review is divided into the following subsections: history behind 

the education of students in rates of change and unit conversions, the importance of these 

concepts in both mathematics and science education, and a review of empirical studies that have 

explored misconceptions in these content areas and associated terminology. 
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History in Education  

Rates have been a problem for humans for a very long time.  On the Rhind Papyrus, 

dating back to about 1650 BC, a question was asked: how do you split six loaves of bread 

amongst ten men? Students today would answer three fifths per person, but the answer written by 

the scribe of the Rhind Papyrus was  ̅   ̅̅̅̅ , or 
 

 
 

 

  
 (Katz, 2004).  The way people perceived 

rates back in ancient Mesopotamia is very different in comparison to the way we view them now 

a days.  In ancient times fractions were represented as unit fractions, that is, as fractions with a 

numerator of one, while today we hardly solve this type of problem with unit fractions and we 

are more prone to seeing them as division.   

Even in recent history we can see the way textbooks would explain rates is different from 

more modern methods.  A ratio is defined as, “when one number is divided by another, the 

quotient is called the ratio of the dividend to the divisor,” in a textbook from 1925 (Bodley, 

Gibson, Hayes, & Watson, 1925).  From this point in this particular text, Modern Practical 

Arithmetic Upper Grades, the authors introduce ratio problems involving different measuring 

units to show rates are just ratios comparing different units, though they do not do this explicitly 

as seen in Figure 1.  Mathematics Preliminary, published by Cambridge (1953), is similar in that 

it has students practicing their ratio and proportion skills then transitions to comparing different 

units within a ratio to create rates.  Within the ratio and proportion section of this text, seen in 

Figure 2, students would study rates minimally; different units of measure would be used to test 

their knowledge and skills in ratios.  As seen in these textbooks from the early half of the 

twentieth century, students were not specifically taught to convert units or to see rates for what 

they really were.   
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In modern classrooms students are exposed to rates and unit conversions slightly more 

but unfortunately not enough.  In textbooks used in today’s mathematics classes there is usually 

no more than a page of instruction on rates and unit conversions (Bereiter et al., 2007; Boswell, 

Kanold, Larson, & Stiff, 2007; Saxon Jr., 1995).  Although, as seen in the older textbooks, we 

can note the authors do not even use the terms, “rates,” and, “unit conversions.” They seem to 

instruct students in evaluating ratios and proportions and expect students to make the connection 

from one piece of knowledge to the other (Bodley, Gibson, Hayes, & Watson, 1925; Cambridge, 

1953).  Viewing Figure 3, we see the method used to convert units in most modern day 

textbooks.  In this textbook, students are taught to use unit multipliers in order to convert miles 

per hour into feet per second and for many other unit conversions (Saxon Jr., 1995).  This is 

similar to ancient mathematics when using unit fractions. 

 

 Figure 2.  Textbook unit problems from 1953. 

 

Figure 1.  Textbook ratio problems from 1925. 
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Currently, we do not only use textbooks in order to teach mathematics.  A study by 

Adjiage and Pluvinage (2007) found that the use of technology, specifically computer programs, 

has helped improve the knowledge of proportional reasoning in middle school students.  In 

addition to using technology in today’s classrooms, hands on activities are presently utilized to 

improve student understanding.  For example, one such study by Beswick (2011) demonstrated a 

lesson on how to give students a way to experiment with rates by mixing paints.  Students were 

instructed to create a new and unique paint hue by mixing different ratios of colored paints.  The 

progress of the education of rates of change and unit conversions has strongly impacted current 

philosophies on which subject area this content belongs in schools. 

Rates in Mathematics and Science Education 

A lack in the education of rates and unit conversions may be linked to the belief that 

these are more so science topics and should be covered in science class.  In an article by Cawley 

and Foley (2002), the authors state that rates and units are a major connection between science 

and mathematics education.  Mathematics and the sciences are very closely related; in a way 

mathematics was created to aid science.  Thus, these two subjects should be connected in 

 

 Figure 3.  Textbook unit conversion method 1995. 
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schools.  Science concepts help bring context to mathematical ideas.  Many teachers admit to 

knowing the importance of the connection between the subjects yet also admit that in their 

schools there is no effort in making these connections in the students’ education (Frykholm & 

Glasson, 2005).   

In the United States during recent years there has been an emphasis on science, 

technology, engineering and mathematics (STEM) education and the connections among all of 

these subjects (Hyslop, 2008).  Rates and unit conversions can be seen as a topic in all four areas.  

For a topic that can be spread across so many subject areas, rates and units are widely 

misunderstood by students yet there are many connections and different contexts that can be 

created with the integration of the differing subjects (Bagshaw et al., 2013).   

In each subject area, students have seen and used graphs for many purposes, but it is 

predicted that they do not have a concrete understanding of the concepts behind the graphs.  

Graphs in mathematics and science both have to do with rates of change, yet again students are 

exposed to rates and units in both subjects yet, there is little integration between the two 

contexts.  In one study, the researcher observed that when it came to students understanding 

slope they seemed to have a more concrete understanding when working with functional 

situations, like the slope of a ramp, over understanding rates of change in a graph (Stump, 2001).  

Forrest and Whalen (2012) give a wonderful example of a lab that can be used to connect the two 

subjects through rates of change.  Cawley and Foley (2002) also discuss a lesson plan for either 

the mathematics or science classroom that can be used to link the subjects through proportions 

concerning units.  These lessons can be created using old rates of change and unit conversion 

lesson plans. 
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  According to Engelke and Kimani (2013), teachers do not necessarily need to replace the 

lessons they use to teach rates but rather add real-world examples for students to explore the real 

meaning behind the concept.  The utilization of mathematics is not only an aid to science, but 

also serves as the building block for additional mathematics learning.  For example, the 

knowledge of rates of change is a foundational element to understanding derivatives in calculus 

(Hauger, 2000).  Students need a sound structure of basic mathematics knowledge to advance in 

any level of mathematics.  Specifically, for rates of change and unit conversions, a vast 

understanding of mathematical language is vital but is not necessarily present in students (Dole 

& Shield, 2008). 

Misconceptions in Mathematical Language and Proportions 

The universal language of mathematics is a formal one and it does not always translate to 

our real-world understanding of its concepts (Gough, 2007).  This is not considering 

mathematical word problems but the terms, definitions and phrases of mathematics.  Many 

studies discuss how the interpretation of these mathematical terms is different for everyone, from 

student to student, student to teacher, and teacher to teacher.  One study demonstrated specific 

examples of different proportional-based problems and the solutions from several mathematics 

teachers and students (D’Ambrosio, Kastberg, & Lynch-Davis, 2012).  The authors observed that 

the teachers’ solutions were very conceptual with their deep understanding of proportional 

reasoning while the students’ solutions were more procedural.  Students were not grasping the 

mathematical terms and concept of the problem and falling back on their multiplication and 

division skills.   

When first learning about proportions, rates, and ratios in elementary school, children are 

often presented with these types of problems in the form of word problems.  These problems are 
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often complex and not easily understood without a personal connection.  This led to children not 

having concrete skills in rates then led to more severe problems in the understanding in 

proportional reasoning in higher education (Jitendra, Lindell, Someki, Star, & Rodriguez, 2011).  

A weakness in proportional reasoning leads to misconceptions of rates of change and unit 

conversions.  Misconceptions in proportional reasoning should be found early on by asking 

students to describe a concept image of a problem, then to find where the students are having the 

misconceptions (Bezuidenhout, 1998).  Dole and Shield (2008) found that many times unit 

conversions are taught using algorithms, steps to take to get students to the answer, leaving 

students with little understanding of the proportional reasoning behind the algorithm.  Özgün-

Koca and Altay (2009) suggest that teachers not only show students how to use methods such as 

cross-multiplication for unit conversions and rates of change but have them explore other ways 

of solving these problems.  The sixth grade students in this study who had less exposure to rates 

and unit conversions did not do as well as the seventh graders but did apply many more different 

conceptual strategies.  Students are taught  to manipulate formulas and crunch numbers in order 

to solve a mathematics problem when they should be able to understand what the problem is 

actually asking for, not what formula to use.   

As mentioned earlier, word problems are not always beneficial when initially building 

students’ proportional reasoning.  Students may have misconceptions with the theory but if they 

are given tangible situations in which they have experience and are able to explore, they can 

better understand the concepts being pushed.  In one study, students were expected to explore 

their own rates of walking, comparing different distances and times.  The researchers discovered 

that students became more engaged in the concepts behind the real-world applications and 
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expressed better understanding of rates in the post-tests (Cavanagh, Glanfield, Greenes, & 

Tsankova, 2013).   

 Mathematics and science are deeply related in the concepts of rates and unit conversions.  

These topics are addressed in both subjects, but unfortunately in a science classroom rates are 

taught through practical concepts while in a mathematics class they are taught via algorithms and 

complicated word problems.  Singh (2000) found through a study by testing and interviewing 

two children about their knowledge of unit conversions that there was a point at which a student 

stopped using conceptual understanding and fell back onto multiplicative skills.  Singh suggests 

that teachers need to catch misconceptions earlier on and have students reflect upon the 

mathematics they are learning.  The practical way of learning and understanding rates and unit 

conversions is through experimentation and reflection.  Mathematics classes generally stop at the 

experimentation and rarely further investigating the meaning of the concepts once explored (Li 

& Li, 2008).   

This study aims to convince teachers of the necessity for a deeper understanding of rates 

of change and unit conversions.  By questioning students’ knowledge in these topics, the 

researcher hoped to find where students are being misled, what solution methods lead to a more 

concrete understanding, and possibly how to improve teaching rates of change and unit 

conversions. 

Experimental Design 

 This experiment tested the hypothesis that college students will make the most mistakes, 

due to a lack of understanding, when solving multi-step unit conversion rate problems.  During 

this study, students completed a six-problem assessment testing their skill level in solving rate 

and unit conversion problems.  These problems were considered to be appropriate for the 
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collegiate level mathematics class.  The solution to each problem on the assessment was 

evaluated to determine the amount of work shown, the methods used, and the number of correct 

answers for each participant.  Following the completion of the assessment, a survey was given.  

The data from the survey was compared to the results of the assessment. 

Participants 

 This study was conducted at a comprehensive, selective, public, residential, liberal arts 

university in the Northeastern part of the United States, enrolling approximately 5,100 

undergraduate students and 300 graduate students.  Most students were from the Northeast but 

there was a small percentage of the students are from other regions of the U.S.  and international 

students.  The university had approximately 500 instructional faculty employed.   

 There were forty-one participants from this university in the study.  These students were 

enrolled in a liberal arts mathematics course (MATH 108).  This course is not required for 

mathematics majors; consequently many students in this class do not enjoy mathematics and are 

there only to satisfy the mathematics requirement for graduation.  Participants were also from a 

University Calculus II course (MATH 123) which many students were required to take for their 

STEM-based major.  Some of the student demographics can be seen in Figure 4.  Written 

consent was obtained from all participants of this study prior to its commencement (see 

Appendix B).  The student data remained completely anonymous. 

 MATH 108 MATH 123 Total Students in Category 

Male 12 12 24 

Female 13 4 17 

Freshmen 19 11 30 

Sophomores 6 5 11 

Total Students in Course 25 16 41 

Figure 4.  Participant Demographics. 
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Design   

 This experiment was designed to test the hypothesis that college students would make the 

most mistakes when solving multi-step unit conversion rate problems.  It also tested which 

problems students felt most comfortable with using their understanding of mathematics in real-

world context.  Consent was obtained from all participants in this study.  The primary 

investigator was not present at the time of the assessment; instead a colleague proctored the test.  

The assessment consisted of six problems involving rates, unit conversions, multi-step unit 

conversions, and conversions of unfamiliar units.  Students were asked to show all of their work 

for each problem.  For example, they were asked to explain how they got their answer, how they 

solved the problem, or to give their reasoning.  The assessment was then followed by a survey 

which asked participants about their age, gender, highest level mathematics course taken, and 

then to rank the problems on the assessment from ‘easiest’ to ‘most difficult’.  Students were 

given fifteen minutes to complete the assessment and the survey. 

Instrument Items and Justification 

 Participants were asked to answer the six problems found in Figure 5 and to show all of 

their work while using the key found in Figure 6.  Students were then asked to answer the survey 

questions inquiring their age, gender, highest level of mathematics taken, and to rank the 

problems according to perceived difficulty (see Appendix A for assessment and survey).   

Each problem on the assessment requires an understanding of rates of change and unit 

conversions.  The problems vary in difficulty; students were later asked to rank the difficulty of 

each problem in the survey.  Every problem in the assessment instrument tested a specific skill 

involving rates of change and unit conversions.  Note that for each problem there is a specific 

purpose displayed in Figure 5.  For example, in the second problem students were asked to 
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analyze a rate by performing a unit conversion, specifically they had to find a distance given the 

rate and time.  The fourth problem was predicted to be the most difficult for student due to the 

fact that students had to consider multiple steps in the solution process, the most steps out of all 

the problems. 

Problem Purpose 

1. One of the longest recorded field goals of 63 

yards was by Tom Dempsey on November 

8th 1970, New Orleans vs.  Detroit.  Is it 

realistic for you to kick a ball 0.09 

kilometers? Give your reasoning. 

- Context rich  

- Unit conversion 

- Distance comparison 

2. How far have you gone if you have driven 

for 30 minutes at a rate of 45 MPH? Explain 

how you get your answer. 

- Unit conversion 

- Rate of change 

- Given time and rate to find distance 

3. Convert 78 midi-chlorians per dark year into 

inches per second.  Show all work. 

- Unknown unit  

- Multi-step unit conversion 

4. The fastest distance swimmer in the world is 

swimming past your house on the coast of 

Florida.  If she can hold a pace of 2.9 MPH, 

how long in days will it take her to swim 

along the whole coast, from Florida to 

Maine, about 3,330 kilometers? How did you 

solve this? 

- Context rich  

- Multi-step unit conversion 

- Rate of change 

- Given distance and rate to find time 

5. How long does it take to travel 80 miles if 

you are driving 80 MPH? Explain how you 

get your answer. 

- Rate of change 

- Given distance and rate to find time 

6. How long does it take to travel 100 miles if 

you are driving 80 MPH? Show all work. 

- Rate of change 

- Given distance and rate to find time 

Figure 5.  Instrument Problems and Purpose for Rates and Unit Conversion Study. 

 

 

 

 

 

1 mile = 1609.34 meters = 1760 yards 

1 midi-chlorian = 0.0426 inches 

1 dark year = 0.0962 seconds 

Figure 6.  Assessment Key. 
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The first problem was chosen for its rich context and the comparison involved in arriving 

at a reasonable answer.  Students had to convert yards into kilometers or kilometers into yards 

and then decide which distance was shorter.  It was predicted that this problem would be among 

the most difficult according to the results of the assessment and the survey questions.  Problem 

#2 required students to consider the meaning of the rate of change, miles per hour, while also 

considering a unit conversion from minutes to hours or vice versa.  Participants had to find a 

distance given a time and a rate of change.  This problem was predicted to be rated by the 

students as an easier problem to answer.  Due to the unknown units in Problem #3, it was 

predicted to be difficult for students to answer.  In this problem, students were required to 

convert more than one unit.  Problem #4 was similar to the first with its rich context yet involved 

more steps to consider while solving.  Students needed to perform multiple unit conversions 

while considering the meaning of the rate of change speed.  All problems were necessary to 

analyze the methods students used.  In particular, Problem #5 was meant specifically to analyze 

students’ reasoning of rates of change.  This was predicted to be rated in the survey as the easiest 

problem to answer.  The last problem of the assessment was chosen to be similar to the previous 

problem but to be ranked by students as anything but the easiest problem to answer. 

The survey was intended to generate basic demographic information about the 

participants.  The critical question on the survey was which problems the students perceived to 

be the easiest and most difficult.  This information was compared to the methods chosen by the 

students and the answers given for each problem.   

Methods of Data Analysis 

 The assessments were collected and scored on whether the answer was correct or 

incorrect.  Two points were awarded for a correct answer, one for substantial work but incorrect 
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answer, and none awarded for little to no work and an incorrect answer.  All solutions were 

reviewed in order to identify the methods students used to solve the problems, more analysis on 

the methods can be found in a following section.  All of this information and data taken from the 

survey questions were organized in Minitab.  Data was stored on one Minitab worksheet and 

then a worksheet for each problem and the related data was created from the main worksheet.  

An analysis of variance (ANOVA) was run with the data on the main worksheet comparing: 

problem scores (out of two points) with problems, method, age, gender, highest level of 

mathematics taken, how students ranked the problem, and what class the student was in.  

Different variations of ANOVA were done along with basic and descriptive statistics both from 

the main worksheet and individual problem worksheets.  Minitab was also used to display data 

via stacked bar graphs. 

Descriptive and Inferential Statistics 

Minitab was used to analyze all of the data from the study.  An analysis of variance at the 

5% level of significance was used to compare the following with the scores awarded: age, 

gender, the highest level of mathematics class taken, gender within the classes, the classes 

themselves, the assessment problems, etc.  The p-values from ANOVA can be found in Figure 7. 

Source p-value 

Problems 0.000 

Highest level of math 0.000 

Class 0.001 

Gender within the classes 0.006 

Gender 0.020 

Age 0.116 

Figure 7.  p-values from ANOVA. 
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 Note that all of the categories besides age had p-values that indicated they were 

statistically significant.  The awarded scores were then significantly affected by the problem 

being solved, highest level of mathematics taken, the class the student was in, gender within the 

classes, and gender.  These results were expected.  For example, age would not play a large role 

in affecting the scores because the participants’ ages only ranged from 18 to 26.  Eight years’ gap 

in ages might have some effect, but generally the students have grown up within the same era 

and are at similar points in their lives, this is especially considering they are attending the same 

university. 

Analysis of Student Work  

The researcher was most interested in the participants’ methods for solving each problem.  

All of the assessments were first graded then the researcher reviewed all solutions and was able 

to categorize them into five basic solution types: logical explanation, multiplying by unit rates, 

multiplying or dividing by some measurement, setting up proportions, or none, as in no work 

was shown.  Once the basic methods were identified, the researcher went back through the 

assessments and labeled each solution with a method.  Each of these methods were given a letter 

for easy labeling and use in Minitab.   

The method that the principal investigator was most interested in was the use of a logical 

explanation, a non-traditional, non-textbook, real-world mathematics method.  A textbook 

method would be, for example, in the second assessment problem (Figure 5) students could have 

multiplied    miles per   hour by   hour per    minutes to first convert the units followed by 

solving for distance in the formula for velocity.  This would have been considered the method of 

multiplying by a unit fraction.  An example of a non-traditional method for this problem would 



Schake 16 

 

have been for a student to think that    minutes is half of an hour so they will be going half of 

   miles, the distance traveled in one hour.   

Results 

The study revealed three principal results: 

Result #1a: The assessment problem with the most mathematical tasks received a mean score of 

0.683 while the other problems had a total mean of 1.473 (out of two points). 

      #1b: Problems with more contextual information had a mean score of 0.964 and problems 

with little to no contextual information had a mean of 1.360 (out of two points). 

 #1c: Rates-of-change specific problems had a mean score of 1.366 and unit conversion 

specific problems had a mean score of 1.208, while problems containing both had a 

mean score of 1.110 (out of two points). 

Result #2: Problems answered using a narrative or logical solution about 81 percent of the time 

received full credit, the most out of any other method. 

Result #3: The assessment problem with unfamiliar units was never answered with a textbook 

method. 

Analysis of Principal Results 

Result #1a: The assessment problem with the most mathematical tasks received a mean score of 

0.683 while the other problems had a total mean of 1.473 (out of two points). 

Of the six assessment problems, the fourth problem had the lowest mean score as seen in 

Figure 8.  Problems #1 and #4 had the most mathematical tasks to complete in order to solve the 

problem.  Problem #1 asked students to compare two distances whose units did not convert 
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directly to one another.  Problem #4 asked students to find a time with a given rate of change and 

distances of differing units, then they had to give the answer in unrelated units.  The scores on 

Problem #4 were significantly different from all the other problems at the 5% level of 

significance, even when compared to Problem #1.   

 

 

 

 

 

Figure 9 displays a sample of student work from Problem #4, the problem regarding the 

swimmer.  Note that this student did not even conclude with the correct type of answer, the 

problem asked for a time in days and the student’s apparent answer was a rate in meters per day.  

This student clearly did not understand the entire question as a whole, only preforming one of the 

mathematical tasks, converting hours to days. 

 

Figure 9.  Sample of Student Work for Problem #4. 

 

Problem Mean Score (out of 2 points) 

1 1.244 

2 1.537 

3 1.171 

4 0.683 

5 1.537 

6 1.195 

Figure 8.  Mean Score of Problems. 
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 There are at least three tasks that must be completed to find a solution to Problem #4.  

The students must convert the units for distance, convert the units for time, and they must use the 

rate of change and the distance to find the time in question. 

 Figure 10 provides sample work from a student who did break up the problem into tasks 

in order to find a solution.  You may notice that this student did not give the answer in the 

correct units, but did correctly convert the units for distance and then solved for time. 

 

Figure 10.  Sample of Student Work for Problem #4. 

 

 Most students did have a difficult time answering this problem in full.  Another large 

portion of the students did not even know where to start; most of the 46% of the students who 

received no points for Problem #4 did not have substantial work shown. 

Result #1b: Problems with more contextual information had a mean score of 0.964 and problems 

with little to no contextual information had a mean of 1.360 (out of two points). 

 On the assessment, two problems were classified as context rich, Problem #1 and #4.  

The problems are as follows; #1: ‘One of the longest recorded field goals of 63 yards was by 

Tom Dempsey on November 8th 1970, New Orleans vs.  Detroit.  Is it realistic for you to kick a 

ball 0.09 kilometers? Give your reasoning.’ #4:  ‘The fastest distance swimmer in the world is 

swimming past your house on the coast of Florida.  If she can hold a pace of 2.9 MPH, how long 

in days will it take her to swim along the whole coast, from Florida to Maine, about 3,330 
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kilometers?  How did you solve this?’  The remaining four problems were more direct in 

instruction. 

 It was found that the amount of context did play a role in the scores students earned for a 

given problem.  Theoretically, the problems with the real-world context should help students to 

relate to the problem, capture their interest, and help the students solve the problem.  With the 

mean score of 0.964 compared to 1.360, this did not seem to be true.  The context rich problems 

were among the problems with the lowest scores on the assessment.  Most commonly, students 

were not using logical solutions to answer these problems but using more algorithmic methods or 

not even trying to answer the problems at all.   

Result #1c: Rates of change specific problems had a mean score of 1.366 and unit conversion 

specific problems had a mean score of 1.208, while problems containing both had a 

mean score of 1.110 (out of two points). 

Problems #5 and #6 were considered rates of change specific, Problems #1 and #3 were 

unit conversion specific, and Problems #2 and #4 were a mixture of both types of problems (refer 

to Figure 5 for assessment problems).  The mean scores between the three types of problems 

were fairly similar, only separated by 0.256 points.  This may be due to the questions also having 

a variation of unfamiliar context, being context-rich, etc., and having other testing purposes in 

this study.   

Part of the hypothesis stated that the problems with the most mathematical tasks to 

complete would be the most difficult for students.  The mean score for the problems containing 

both types of topics had the lowest mean score which was anticipated by the researcher.  

Students had to concentrate on two completely different tasks within the same problem. 



Schake 20 

 

Note that the mean score for rates of change problems (1.366) was higher than unit 

conversion problems (1.208).  This may be due to the fact that unit conversions is emphasized 

more in science classrooms than in mathematics, whereas rates of change is a verbose topic in 

both mathematics and science.   

Result #2: Problems answered using a narrative or logical solution about 81 percent of the time 

received full credit, the most out of any other method. 

After an analysis of the methods used among the students, the following categories were 

developed: logical explanation, multiplying by a unit fraction, multiplying or dividing by a unit, 

setting up a proportion, or there was no gradable work thus ‘no method’ was used.  The 

frequency with which each of these methods were used on the assessments is given in the graph 

in Figure 11.  A logical explanation or narrative type of solution was used the least often; only 

about 13% of the time did students use this type of method to answer a problem. 

 

Figure 11.  Methods Used on Assessment Problems. 
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Even though logical arguments were used sparingly by students, this method did produce 

the best outcome.  A problem answered with some type of logical explanation received full credit 

about 81% of the time.  The next highest percentage of problems for a method to receive full 

credit was multiplying by unit rates with about 69%. 

 A sample of a logical method is shown in Figure 12, an example of a student receiving 

full credit for a logical solution and answer.  This student employed algorithms and textbook 

solutions on many of the problems, but on some of the less difficult ones, like Problem #2, a 

logical method was used.  The student noticed that the units in this problem were in miles per 

one hour and was being questioned about half of an hour, hence considered half of the distance 

covered in the one hour. 

 

Figure 12.  Sample of Student Work for Problem #2. 

 

Figure 13 is another example of a student who used a logical explanation to solve a 

problem.  Problem #1 was considered one of the more difficult due to having context and 

multiple mathematical tasks, yet this student did not fall back on algorithms. 

 

Figure 13.  Sample of Student Work for Problem #1. 

 

 “No 90 meters = 100
+
 yards.”  This student did have to do a conversion from kilometers 

to meters but was very aware of the fact that the distance would then be much greater than the 
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record of 63 yards.  Problem #2, seen in Figure 12, was the problem most commonly answered 

with a logical solution.  It was predicted that the problem to be answered with mostly logical 

solutions would be Problem #5, “How long does it take to go 80 miles if you are driving 80 

MPH?”  However, most students did not show any work for Problem #5.  According to the 

survey, students considered Problem #5 to be the easiest. 

Result #3: The assessment problem with unfamiliar units was never answered with a textbook 

method. 

Problem #3 was created to test how participants would do when the units were 

unfamiliar.  “Convert 78 midi-chlorians per dark year into inches per second.”  The units ‘midi-

chlorians’ and ‘dark years’ were invented by the researcher for this purpose, the conversion rate 

was given to students in the key at the top of the assessment that can be seen in Appendix A.  It 

was hypothesized that the students would rely on textbook or algorithmic methods for problems 

where the context was unfamiliar.  This proved to be true. 

Figure 14 displays what methods were used on what problems.  It can be seen that logical 

solutions were used on four of the six problems.  Note that for Problem #3, no students used a 

logical solution.  Most students did however attempt to solve the problem using some sort of 

textbook method. 
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Figure 14.  Methods Used for Each Problem. 

 

Figure 15 gives an example of student work for Problem #3.  This student used unit 

fractions to make the conversion correctly.  Multiplying by the appropriate unit fraction allowed 

the student to cancel out the unwanted unit and replace with the wanted unit.  This is generally 

how textbooks show students how to convert units.  Once the units were unfamiliar to the 

students they no longer could use their a priori knowledge.   

 

Figure 15.  Sample of Student Work for Problem #3. 

 

There is evidence to support the hypothesis that college students misunderstand rates of 

change and unit conversions.  Participants found problems with solutions involving multiple 

steps to be the most difficult according to the mean scores of such problems.  Problem #3 did not 

receive the lowest mean score on the assessment, but students did find it somewhat difficult in 
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that the context was unfamiliar, thus relied on textbook methods, never using a logical solution.  

The results were in part found with the analysis on each of the assessment problems.   

Analysis of Assessment Problems 

 Each assessment problem was chosen to specifically test students’ knowledge of rates of 

change and unit conversions.  The researcher believed there was an effect on scores with the 

order of problems.  As seen in Figure 8, problems two and five received the same mean score 

(1.537).  The researcher considered Problem #5 to be considerably easier than Problem #2, 

where Problem #2 and Problem #6 would be on a similar level of difficulty (copy of the 

assessment can be seen in Appendix A).  Yet Problem #6 received one of the lowest mean scores 

(1.195).  It seemed that after students solved an easy problem with a logical solution, such as 

Problem #5, and when they moved onto a similar problem but of a slightly more difficult nature, 

Problem #6, it made the students second guess their knowledge and the logic of the content.  

Ordering of assessment problems would be suggested further research. 

Problem #1: “One of the longest recorded field goals of 63 yards was by Tom Dempsey 

on November 8
th

 1970, New Orleans vs.  Detroit.  Is it realistic for you to kick a ball 0.09 

kilometers?”  Figure 16 depicts how often each method was used for Problem #1 and what score 

was awarded.  It is clear that an algorithmic approach was most common for Problem #1.  If 

students used unit fractions to find a solution they were most successful in answering this 

problem.  Many students did receive no credit for Problem #1 but this happened most often when 

the student did not have substantial work shown. 

Problem #1 was a context rich problem only requiring students to make a unit conversion 

and compare two distances.  Well over half of the students considered this problem either the 
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most difficult or second most difficult problem to answer.  Problem #1 had a mean score of 

1.244, which is not the first or second but the fourth lowest mean score out of all the problems. 

 

Figure 16.  Methods Used and Score Received for that Method for Problem #1. 

 

Problem #2: “How far have you gone if you have driven for 30 minutes at a rate of 45 

MPH?”  For Problem #2, most students received full credit and hardly any student received 

partial credit for their work.  Unit fractions and logic proved to be the most successful methods.  

While multiplying and dividing by a partial unit fraction were the most popular methods, they 

also produced the most zero credit solutions. 

The researcher would consider this problem tied with Problem #6 in difficulty, both being 

about the second easiest problem to solve.  Problem #2 requires students to find a distance given 

a rate and time, while considering a unit conversion.  Most commonly, this problem was ranked 

as the fourth most difficult problem, never being ranked as the most or second most difficult.  

This problem was tied with Problem #5 for the highest mean score of 1.537. 
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Figure 17.  Methods Used and Score Received for that Method for Problem #2. 

 

 Problem #3: “Convert 78 midi-chlorians per dark year into inches per second.” For 

Problem #3, logic was not used at all but each of the other methods produced a similar number of 

zero credit solutions.  With the unfamiliar units it would be extremely difficult to solve this 

problem with no work; hence the graph shows no student receiving credit for answering Problem 

#3 correctly with no work.  Multiplying by a partial unit fraction was again the most popular 

solution method for this problem. 

 The third problem required students to do a unit conversion with unfamiliar units.  This 

problem was similarly ranked in difficulty with Problem #1, over half of the students ranked it as 

the most or second most difficult problem.  Problem #3 did also receive the second lowest mean 

score (1.171) only second to Problem #4. 
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Figure 18.  Methods Used and Score Received for that Method for Problem #3. 

 

 Problem #4: “The fastest distance swimmer in the world is swimming past your house on 

the coast of Florida.  If she can hold a pace of 2.9 MPH, how long in days will it take her to 

swim along the whole coast, from Florida to Maine, about 3,330 kilometers?”  Problem #4 was 

the most difficult for students, very few students received full credit for this problem, yet many 

were awarded partial credit.  A large number of students did not even attempt this problem. 

 This was the most difficult problem for students to answer correctly with the lowest mean 

score of 0.683.  Problem #4 asked student to perform a unit conversion and solve for a rate of 

change.  About 75% of the time this problem was ranked the most difficult or second most 

difficult problem.   
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Figure 19.  Methods Used and Score Received for that Method for Problem #4. 

 

Problem #5: “How long does it take to travel 80 miles if you are driving 80 MPH?”  This 

is the problem that started it all, and one of the best outcomes for the students.  The largest 

portion of students had a logical solution for this problem, however many students did skip doing 

any work for this problem and just wrote down the correct answer.  Very few students received 

partial credit for Problem #5. 

This was the problem that inspired this research study.  The researcher intended for it to 

be the easiest problem on the assessment, and students did rank it the easiest about 75% of the 

time.  Problem #1, however, did not receive the highest mean score, but tied for the highest with 

Problem #2 (1.537). 
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Figure 20.  Methods Used and Score Received for that Method for Problem #5. 

 

 Problem #6: “How long does it take to travel 100 miles if you are driving 80 MPH?”  

This problem proved to be more difficult for students than intended.  The mean score for 

Problem #6 (1.195) was even lower than the mean score for Problem #1 (1.244).  The researcher 

does believe this is due to the ordering of the problems.  Students did receive zero credit on this 

problem if answered with a logical explanation. 

 It was intended that Problem #6 would be either the second easiest or tied for the second 

easiest problem on the assessment.  It was the same problem as Problem #1, only instead of a 

distance of 80 miles; it was a distance of 100 miles.  About 42% of the students did rank this as 

the second easiest problem on the assessment but only received a mean score of 1.195, the fourth 

lowest out of all the problems. 
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Figure 21.  Methods Used and Score Received for that Method for Problem #6. 

 

Analysis of Survey Questions 

 The survey questions can be seen on the assessment in Appendix A.  As seen in Figure 7, 

gender, class, gender within the classes, and the highest level of mathematics taken all had an 

effect on the assessment scores.  Regarding gender and class difference, all groups of students 

had similar mean scores besides the females from MATH 108.  Figure 22 displays all of the 

mean scores for both genders within the classes.  There was a bias as the number of females from 

University Calculus II was much lower than the number of students from the other groups.  

There is no known explanation as to why the females did so poorly on the assessment besides 

possibly the MATH 108 class is made up of mostly non-STEM majors. 

 

 

 

 

Female Number of Students Mean Score (out of 12 points) 

MATH 108 13 4.615 

MATH 123 4 9.000 

   

Male Number of Students Mean Score (out of 12 points) 

MATH 108 12 8.250 

MATH 123 12 8.917 

Figure 22.  Mean Scores of Genders within the Classes. 
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 The only other factor that played a role in this study was the highest level of mathematics 

taken.  Figure 23 displays these values which very clearly confirm that the higher the level of 

mathematics a student has taken, the better they did on this assessment and thus, the better they 

understand rates of change and unit conversions.  In addition, calculus classes study rates of 

change more than other classes, which could give them the advantage. 

Highest Level of Mathematics Number of Students Mean Score (out of 12 points) 

H.S.  Math 15 4.795 

Calc I 8 6.875 

Calc II 16 8.938 

Calc III 2 11.000 

Figure 23.  Mean Scores Considering Highest Level of Mathematics Taken. 

 

 The researcher was very interested in asking students to rank the problems in difficulty 

but this produced no significant results.  Students predicted the difficulty well, the most difficult 

question according to students had the lowest mean and vice versa. 

Implications for Teaching 

 This study investigated the hypothesis that students misunderstood rates of change and 

unit conversions; specifically they would do poorly and rely on textbook methods when given 

complex problems and problems with unfamiliar context.  Based on the results and outcomes of 

this study, the researcher has been enlightened with three education implications. 

Implication #1: Mathematics educators must emphasize using logical solutions. 

 As seen in the results, students were most successful in solving a problem when using 

some sort of a logical solution.  About 80% of the time that students used some sort of narrative 

to solve a problem they would receive full credit.  This being true, educators should focus on 

logical reasoning instead of teaching students how to use algorithms.  Mathematics needs to 
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become applicable to the world for children and rates of change and unit conversions are 

extremely useful outside of the classroom. 

 Miles per hour is a unit used almost every day in the United States.  Estimating how long 

it will take to go from point ‘a’ to point ‘b’ is a task everyone must have some accuracy in, rates 

of change in a high school classroom would be a great place for a student to improve upon these 

skills. 

 Mathematics educators must stress to their students the importance of understanding this 

topic.  Creating hands-on activities with rates of change for students to explore and discover the 

meaning of the term miles per hour or meters per second would be extremely helpful.  With a 

better logical understand of rates of change, students can branch out into many different topics of 

mathematics with understanding.  It is mathematics, but it is also a part of life. 

Implication #2: Teachers need to build upon students’ a priori knowledge. 

 Considering the results from assessment Problems #2 and #3, it seems that students will 

think more logically about a problem when the context is more familiar like in Problem #2 and 

unlike in Problem #3.  Using context that is familiar to students will allow them to think of the 

problem in their own terms and with their own knowledge instead of falling back to practiced 

algorithms.  Most students when asked to convert the unit midi-chlorians per dark year did 

attempt to solve the problem by multiplying by unit rates, while when asked how far have you 

gone if you have driven for 30 minutes at a rate of 45 miles per hour, they would answer with a 

logical explanation. 

 Most students were able to answer the question, how long does it take to go 80 miles if 

you are driving 80 MPH.  Generally, this meant they understood the concept of miles per hour.  

Teachers must build upon that understanding in order to have students truly learn the topic.  
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Once a student no longer logically understands a topic, it becomes more difficult to build upon it 

to continue learning.  This is why many upper level university mathematics courses have 

prerequisites, students must have a certain amount of knowledge in order to understand the new 

information that is to come.  Mathematics is not a subject in which a student can be absent for a 

week and continue as well off as before.  Mathematics must be built upon using both a student’s 

a priori conceptual and contextual knowledge. 

Implication #3: Mathematics teachers need to teach their students to solve problems in parts 

while still answering the original problem. 

 The most difficult problem for students was the fourth problem on the assessment.  This 

was predicted as there are the most mathematical tasks to complete in this problem.  This does 

not mean mathematics educators should give students easier problems because the students can 

think about them logically, it means these educators need to show their students how to tackle 

difficult problems.  Ideally, this will be done with students using their a priori knowledge. 

 In Figure 9 and 10 it is shown that when it came to solving multi-step problems, students 

had a hard time completing all the tasks required in order to answer the problem in whole.  

Educators must find a way to help students break larger problems such as these into parts.  Once 

in parts, a student can tackle the tasks one at a time.  Breaking down problems will also help 

students complete every task needed to solve the problem, not just get to the final step and stop. 

 The break-down method would be most helpful in solving problems dealing with rates of 

change and unit conversions.  Seeing as most of these types of problems do have multiple steps 

in order to solve while in and outside of the classroom. 
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Suggestions for Future Research 

 The research done in this study would have improved with a greater number of 

participants and possibly student interviews.  This would be in order to get a better understanding 

of the thought process and method the students are using to solve these mathematics problems. 

 The researcher would suggest that other educators build upon this research and study 

more specifically students’ a priori knowledge and its effects on understanding of mathematics 

problems in the classroom.  To explore a student’s knowledge of mathematics without the 

student being aware of possessing these mathematics skills.  As previously mentioned, studying 

the effects of the order in which assessment problems are asked would be beneficial research in 

the mathematics education field.  Within this research it was believed to have taken effect on the 

students’ responses. 

Concluding Remarks 

 It was the goal of the study to find where misconceptions lie with college students’ 

understanding of rates of change and unit conversions.  The researcher was interested in the 

methods students chose to use to answer these types of problems and how much logic would 

come into play.  It was made clear by this research that students generally only feel comfortable 

using logic to answer questions in which they are the most familiar.  Though, if they do have a 

logical explanation for a problem, students will most likely get a correct answer.  It has also 

come to light that students must learn how to break mathematical problems down into smaller 

tasks instead of looking at the problem as a whole.  Achieving one goal at a time will help 

students understand the question being asked and how to answer it. 
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Appendix A 

Rates and Unit Conversions     

Be sure to show ALL work for each problem, your 

reasoning is what’s important! You may round to the 

nearest hundredth. 

1. One of the longest recorded field goals of 63 yards was by Tom Dempsey on November 

8th 1970, New Orleans vs.  Detroit.  Is it realistic for you to kick a ball 0.09 kilometers? 

Give your reasoning. 

 

 

 

 

2. How far have you gone if you have driven for 30 minutes at a rate of 45 MPH? Explain 

how you get your answer. 

 

 

 

 

 

3. Convert 78 midi-chlorians per dark year into inches per second.  Show all work. 

 

 

 

 

4. The fastest distance swimmer in the world is swimming past your house on the coast of 

Florida.  If she can hold a pace of 2.9 MPH, how long in days will it take her to swim 

along the whole coast, from Florida to Maine, about 3,330 kilometers? How did you 

solve this? 

 

 

Key: 
1 mile = 1609.34 meters = 1760 yards 
1 midi-chlorian =  0.0426 inches 
1 dark year = 0.0962 seconds 
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5. How long does it take to travel 80 miles if you are driving 80 MPH? Explain how you get 

your answer. 

 

 

 

6. How long does it take to travel 100 miles if you are driving 80 MPH? Show all work. 

 

 

 

 

 

Survey Questions 

a. What is your age? 

 

b. What is your gender? 

 

c. What is the highest level mathematics class you have taken and when you took it? 

 

 

d. Rank problems 1-6 from the easiest to the most difficult associating each face with one of 
the six problems. 

Easiest 

 

 

 

 

 

 

 

 

 Most difficult 
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Appendix B 

 

MEMO 

 

TO: Students in MATH 108-02 or MATH 123-01 

FROM: Elizabeth Schake 

DATE: December 2013 

RE: Consent Form 

 

Purpose, Procedures, and Benefits 

 

Purpose: This study will explore the understanding and misconceptions with rates of change and 

unit conversions of college students. 

 

Procedures: The investigator will ask participants to complete a six-problem assessment and a 

short survey during the spring semester of 2014.  Students will be given 25 minutes to 

anonymously complete the assessment consisting of rates of change and unit conversion problems 

along with a short survey asking for age, gender, highest level of mathematics course taken, and 

what problem was easiest and which was the most difficult.  The investigator will not be present 

at the time of the assessment. 

  

Benefits: Through this study, the investigator hopes to find where misconceptions lie in rates of 

change and unit conversions.  This is an important study to possibly improve the education of this 

mathematical content. 

 

Related Information 

 

o You have been asked to participate in this study because you are currently enrolled in Prize-

Winning Mathematics or University Calculus II. 

o Protecting confidentiality: Your name will not be used in any materials related to this study. 

o Participation in this study is voluntary; you are free to withdraw from the study at any time 

without penalty. 

o There is no cost nor compensation to participate in the study. 

o The assessment and survey will be the only source of data for the study. 

o There are no risks while participating in this study.   

o For additional information please feel free to contact Miss Schake  by: Mathematical Sciences 

Department, 218 Fenton Hall, SUNY Fredonia, Fredonia, NY 14063; phone at (585) 301-1949; 

or email at schake@fredonia.edu. 

o You may also contact the Human Subject Protection Administrator, Maggie Bryan-Peterson, at 

SUNY Fredonia by phone: (716) 673-3528 or by email: petersmb@fredonia.edu. 
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STUDENT CONSENT FORM 
SUNY Fredonia 

 

 

 

 

Voluntary Consent: I have read this memo and am fully aware of what this study entails.  My signature 

below indicates that I freely agree to participate in this study.  I understand that there is no penalty for not 

participating in this study.  I also understand that there is no penalty for withdrawing from this study at 

any time.  I understand that I will remain completely anonymous in the study’s entirety.  I understand that 

if I have any questions about this study I may contact Miss Elizabeth Schake by phone at (585) 301-1949 

or by email at schake@fredonia.edu.   

 

 

 

 

 

 

 

 

Student Name (please print): _____________________________________________________________ 

 

 

 

 

 

 

Student Signature: _____________________________________________________________________ 

 

 

 

 

Date: _______________________ 

 




