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ABSTRACT	  

The purpose of this research was to determine whether or not students in high school chemistry 

have the prerequisite math skills, the application of equivalent fractions to unit conversions, 

needed to work dimensional analysis problems in chemistry. If students do not have the math 

skills but are actively taught them, then they should be able to use this skill to solve chemistry 

problems.  The participants of the study included 78 honors and non-honors high school 

chemistry students. The math data was analyzed from the fall Northwest Evaluation Association, 

NWEA, data and correlated with a student’s chemistry pretest data involving dimensional 

analysis.  In teaching dimensional analysis, teacher-centered instruction was compared to 

manipulative-assisted instruction.  The teacher-centered instruction involved the use of notes, 

lecture, and problem worksheets. The manipulative-assisted instruction dealt with the use of unit 

conversion manipulatives, specifically animal/insect picture cards.  Students who used the 

picture cards were found to have higher average retention test scores compared to those who 

used the teacher -centered strategy.  Although the average score was higher with the picture 

cards, the increases were not statistically significant. In order to show statistical significance, the 

cards need to be used earlier in the year or possibly in previous courses for extensive exposure.  

As students work with the cards, they will internalize dimensional analysis and should improve 

the retention test scores.  

 Keywords: chemistry, dimensional analysis, mathematics, and unit conversion 
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CHAPTER 1 

INTRODUCTION 

 The day before the fiftieth anniversary of the launching of the Russian satellite, Sputnik, 

the National Science Board (NSB) and the National Science Foundation (NSF) released “A 

National Action Plan for Addressing the Critical Needs of the U.S. Science, Technology, 

Engineering, and Mathematics Education System” (Moore, 2007, p. 1). This report focused on 

coherence in science, technology, engineering, and mathematics (STEM) learning (Moore, 

2007). As schools have attempted to increase rigor in their science and math courses, students 

have struggled more and more with science and math concepts. These are issues that the NSF 

and NSB have attempted to address with the STEM report and its potential solutions.   

 As these same students complete high school or college and join the workforce, it is 

critical that they be able to translate their knowledge of mathematics and science into the skills 

needed for the jobs they are hired to do. For example in 1983, the Air Canada ground crew made 

a critical error that caused the crash landing of Fight 143 simply because they failed to correctly 

convert units needed for fueling the jet liner. At this time in Canada’s history, the country was 

converting to the International System of Units; more commonly called the Metric System. As 

the crew completed the calculations, they used what they believed to be the correct conversion 

factors for filling the tank.  However, they had made a critical error in math calculations, which 

caused the crash landing disaster for the crew and passengers of flight 143 (Banks, 1996, p. 12-

15).  In addition to job errors, students will also make conversions throughout life in various 

ways. For example, unit conversions are used in cooking, sewing, and for ordering and 

purchasing supplies to be used in gardening, home remodeling projects, and automobile care.  
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 Since the application of math and science is a critical component for other classes and 

ultimately, for job performance, one wonders if students have internalized the science and math 

concepts well enough to apply them across the curriculum or in their everyday lives. Often, as 

high school students complete their science and math classes, they are more concerned with 

passing state assessments or receiving a “grade” than with applying their knowledge to solve 

problems. Furthermore, as students explore science and math topics, they can be successful in a 

particular class without applying the material to other classes or in a job setting. Therefore, in our 

data and assessment driven world, it is no wonder that students fail to see the use of these 

concepts outside the classroom walls.   

Purpose of the Study 

For many students, mathematics concepts have traditionally been difficult for students to 

grasp especially at the high school level as these concepts become more difficult to master and 

require higher cognitive skills.  With the ever-higher math targets developed by the No Child 

Left Behind Act of 2001 (U.S. Department of Education, 2004) students have struggled to meet 

those targets in math.  Therefore, this researcher’s school has been on and off watch for math 

during the past few years with the school being on watch again this academic year, 2012-2013. 

In years past, as students struggled with learning math and therefore the targets of NCLB, it 

became clear to the math faculty that if they were going to help students to the next level, they 

were going to have to bridge deficiencies in math with courses designed for this purpose. 

Students entering high school weak in math are now enrolled in math ninety minutes a day five 

days a week at the same time every day in double block math classes. This added work is meant 

to help students gain the math skills needed for the next level in their math courses.  
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As students struggle with the math concepts, courses that depend on math see students 

struggle with the application of math as well. Since the physical sciences courses such as 

physical science, chemistry and physics are filled with math applications, it begs the question as 

to whether students are gaining the math skills needed to be able to complete these courses 

successfully, or if so, can they transfer the knowledge they gain from their math classes to 

physical science courses?  These courses have many such math applications but one of the most 

difficult is the application of fractions as ratios in math to dimensional analysis. Dimensional 

analysis is defined as the process, or method, in which chemists use conversion factors to convert 

one unit of measurement into another unit (Baggett, 2007; DeLorenzo, 1994; Drake, 1984). 

Therefore, the research questions for this study are: Do students have the ability to apply the use 

of equivalent fractions as unit conversions factors, the essential math skills needed, to 

successfully solve dimensional analysis problems in chemistry? If not, will the explicit teaching 

of these math skills to the level of 80% proficiency produce higher scores when students solve 

dimensional analysis problems in the chemistry classroom? This researcher believes that if the 

students have the required math skills then they will have the ability to work dimensional 

analysis problems to a high level.  If they do not have the required skills, but are taught to use 

equivalent fractions as conversion factors to a high proficiency level, then the students will be 

able to apply the math concepts to solve dimensional analysis problems.
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CHAPTER 2 

LITERATURE REVIEW 

The need for science and mathematics instruction has been noted for decades (Dierks, 

Weninger, & Herron 1985; Hovey & Krohn, 1958; Leopold & Edgar, 2008; Spencer, 1996). 

Historically, teachers have felt the need to integrate the two subjects so that students will be able 

to apply the conceptual knowledge to the workforce (Mills, Sweeney & Bonner, 2009). Teachers 

work to integrate these subjects all the while teaching for state assessments in order to keep their 

schools from being on watch or on improvement in math. Even with additional time spent on the 

concepts, students still have difficulty with integration from one course to another.	  	  One area of 

the physical sciences where good math skills are critical is in chemistry.  Many of the needed 

skills for chemistry are often presented in Algebra classes; however, even with a passing grade in 

an algebra class, students do not often have the ability to transfer their math skills to their 

chemistry class (Angel & LaLonde, 1998; Valdez, 2011).  

Common Core State Standards 

 The Common Core State Standards Initiative was adopted in 2010 to enhance the 

education standards adopted by the states.  Common Core was an effort to enhance the rigor of 

the standards for all subjects and to clarify the mathematical objectives for educators, parents, 

and students specifically. (National Governors Association Center or NGA Center & Council of 

Chief State School Officers or CCSSO, 2010). 

 These standards attempt to focus on mathematic skills and processes that are needed for a 

student to succeed in higher math classes, college coursework, or career readiness. According 
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this work, mathematics education must become more “focused and rigorous” in order to improve 

overall math ability (NGA Center & CCSSO, 2010).  

 According to the Standards for Mathematical Practice, they “…describe varieties of 

expertise that mathematics educators at all levels should seek to develop in their students. These 

practices rest on important ‘processes and proficiencies’ with longstanding importance in 

mathematics education” (NGA Center & CCSSO, 2010). 

 In addition to Common Core State Standards for Mathematical Practice (CCSSM) new 

science standards, the Next Generation Science Standards (NGSS) have also been developed to 

improve science curriculum and to partner with the Common Core Standards to enhance rigor in 

the practice of science.  Since science is a quantitative discipline, the understanding of 

mathematics is key to solving problems in science. So as to complement the common core state 

standards in mathematics, a NGSS development team worked with the CCSSM team to align the 

science standards with math standards.  Care was taken to align the standards with consistency.  

 The science standards are divided into three dimensions: practices, crosscutting concepts, 

and disciplinary core ideas.  One of the practices, science and engineering, has a portion of it that 

requires integrating CCSSM into NGSS instructional tools and assessments.  Specifically, the 

subset of engineering practice, using mathematics and computational tools, addresses the use of 

unit conversions, as well as ratio and proportion, to solve measurement problems with derived 

units. (Next Generation Science Standards, 2013). 

Mathematic Readiness  

Although little work has been done with mathematics prediction of high school chemistry 

success, an early work by Denny (1974) and her team developed the Mathematic Skill Test, 

MAST, for ascertaining the readiness of high school students to be successful in chemistry. After 
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testing chemistry students in the Philadelphia Public Schools in 1970, the 96-question test was 

determined to be a reliable predictor of student readiness.  Modifications of this test are still used 

to show whether a student is ready to undertake a high school chemistry class.  

In many colleges, prerequisite skills of math fluency are tested by mathematics 

assessments of various types (Leopold & Edgar, 2008; Mills et al., 2009; Pienta, 2003).  Two of 

the most common of these tests include the California Diagnostic Test and the Toledo Chemistry 

Placement Examination (Mills, et al, 2009) These, along with grades and ACT scores are used to 

place students into remedial chemistry or math courses to strengthen their skills before they 

embark on a general chemistry course (Mills et al., 2009; Leopold & Edgar, 2008). 

Another predictor of student readiness in college with a strong correlation to success in 

college chemistry is the Scholastic Aptitude Test, or SAT.  The math SAT has shown a strong 

correlation between readiness for chemistry and the ability to pass chemistry. Students entering 

freshman college chemistry with high math SAT scores will complete the course with higher 

grades than those students who have lower SAT scores (Ozsogomonyan & Loftus, 1979; 

Pickering, 1975). In fact, in the study performed by Pickering (1975), the relationship was almost 

a linear one.  

Authors throughout the years have determined there are certain math skills that students 

need to understand and be able to work with in order for the student to be successful in a 

chemistry class. Although not an exhaustive list, these include the following:  relationships 

between quantities and numbers, ratio and proportion, fractions, measurement, logarithms, 

graphs, and algebra including manipulation of one-variable equations (Angel & LeLonde, 1998; 

Denny, 1974; Dierks, Weninger & Herron, 1985; Leopold & Edgar, 2008). These skills are 

necessary in both high school and college chemistry.  
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Dimensional Analysis 

As defined earlier, dimensional analysis is a process whereby chemists use conversion 

factors to convert one unit of measurement into another unit. It is also called the Factor-Label 

Method or Unit Factor Method (Baggett, 2007; DeLorenzo, 1994; Drake, 1984). The process 

uses quantities and proportions to solve problems.  “It involves setting up a problem by 

analyzing the units of known quantities and manipulating them to obtain the desired units and 

hence, the unknown quantity” (Baggett, 2007, p. 6).  The units of quantity are manipulated by 

using conversion factors, written equal to one, multiplied together to cancel units and arrive at 

the desired unit (Baggett, 2007). This process keeps track not only of the numbers in a problem 

but also the units.  This allows the student to analyze the calculated answer to make sure it is 

reasonable (Baggett, 2007; Sheeley 2009).  

 The dimensional analysis process.  A typical conversion factor, or dimension, would be 

sixty seconds equals one minute, written as 60sec/1 min.  To solve a typical dimensional analysis 

problem using time, the student would use the conversion factor above and use ratios to set up 

the problem. If asked to solve the following problem, how many seconds are in 8 hours, two 

conversion factors are needed: 60sec/1 min and 60 min/hr.  To set up the problem, each 

conversion factor would be used in a ratio to arrive at the correct units:  

8 hours X 60 min X 60 sec 
 1 hour 1min 

 
To arrive at the solution, the student would multiple 8 x 60 x 60 and divide by the denominator 1 

x 1 for the answer: 28,800 seconds (Wilbraham, Staley, Matta, & Waterman, 2012).  

Although the problem above seems very easy and students argue that they could do this 

without dimensional analysis, it becomes clear very early that chemistry problems become more 
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difficult as the course progresses and dimensional analysis helps with unit cancellation and unit 

count (Baggett, 2007; Wilbraham, et.al, 2012, Sheeley 2009). 

 Math and dimensional analysis. While there have been several mathematic process 

standards written in Common Core, there are specific ones that relate to the application of 

mathematics to chemistry. In order to solve dimensional analysis problems, a student must be 

able to problem solve, reason abstractly and quantitatively, apply mathematical modeling, and 

solve problems with precision (NGA Center & CCSSO, 2010). 

Traditionally, students have had difficulty learning and using the concept of dimensional 

analysis in chemistry (Baggett, 2007; Saitta, Gettings, & Geiger, 2011; Uce, 2009; Wagner, 

2001). According to an early study by Dierks, et al. (1985), students showed difficulty working 

with chemical quantities and lacked the mathematical reasoning skills to solve the multi-step 

problems required to use dimensional analysis for problem solving. Furthermore, researchers 

have looked to whether students can transfer their mathematical knowledge to adaptations such 

as chemistry problems (Donovan & Wheland, 2009; Saitta, et. al., 2011). 

 Dimensional analysis teaching strategies. According to Saitta, et al. (2011), “the 

traditional method of teaching dimensional analysis in textbooks appeals mostly to the analytical 

visual learner” (p. 910). According to Saitta, et al., 2011, often teachers use a traditional lecture 

type presentation to teach dimensional analysis to their students.  The process employs little 

engagement from the student as the teacher models how to work dimensional analysis problems 

and then gives practice problems for the students to complete independently. 

In order to increase conceptual understanding and involvement with the dimensional 

analysis process, active teaching strategies have been employed (Baggett, 2007; Saitta, et. al., 

2011; & Wagner, 2001).  One strategy, the mole ratio flow chart, employs a graphic organizer to 
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help the students solve dimensional analysis problems (see Appendix A).  In addition to solving 

the problems, the students were also required to justify why the steps involved are necessary.  

This helped the student to develop a conceptual understanding of the process (Wagner, 2001).  

Another strategy involved the use of dimensional analysis picture cards, starting with 

manipulating simple equalities on cards and eventually transferring this knowledge to use with 

dimensional analysis problems in chemistry (see Appendix B) (Saitta, et al., 2011). 

DeLorenzo (1994) noted that to increase student understanding of dimensional analysis, 

he expanded the typical dimensional analysis problem by adding nouns and verbs and blending 

English with the math.  The use of English nouns and verbs helps the students understand more 

quickly and firmly what the problem is asking and how to solve for the solution. (see Appendix 

C). Drake (1984), stresses the use of “dimensional analysis in reverse” when working 

dimensional analysis problems with his students.  He attempted to get his students to decide what 

the units of the solution to the problem will be first.  The students determined what units, or 

factors, needed to be used in the correct fractional positions to find that answer.  Once that is 

determined, the students work back one-step at a time until the factor is identified in the problem.  

As the students become comfortable with these types of problems, they are free to work the 

problem forward or backward depending on their learning preference. All of these techniques 

have shown positive impacts on the learning of students in the classroom (Drake, 1984; 

DeLorenzo, 1994; Saitta, et al., 2011; & Wagner, 2001). 

Student Readiness in Math and NWEA MAP Data 

 Northwest Evaluation Association (NWEA) is a not-for-profit organization that was 

founded in 1974 with the goal to improve the education system and encourage learning.  It 

created one of the first computerized assessment tools adaptive in nature.  The NWEA Measures 
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of Academic Progress (MAP) test responds and adapts to the student’s answers as he/she 

progresses through the questions. If a student misses a question, the question bank adjusts down 

until the student has mastered a question over the subject and then adjusts up again. This 

adjustment continues until the test accurately measures the student’s progress with the subject 

(About NWEA, 2012). 

 MAP assessments are provided for math, language usage, reading and science and are 

based on state standards.  From the MAP data, the teachers receive information on the readiness 

of their students in each course.  MAP measures the growth of each student in relation to his or 

her own learning. This, in turn, then allows teachers to formulate educational experiences for 

each child at the point in which the child is ready to understand the material. As the students take 

the tests throughout the year (with fall, spring, and winter offerings), data is provided which will 

allow teachers to see the growth that has been made in a particular subject or item in that time 

period. Teachers can then differentiate instruction for the students and help them where they 

need help (About NWEA, 2012).  

 NWEA MAP data points. The overall MAP data point is the Rasch unit, or RIT.  RIT is 

defined as “a unit of measure that uses individual item difficulty values to estimate student 

achievement” (Understanding Teacher Reports, NWEA, 2010). RIT, therefore, is a measure of 

how well the student is progressing in his or her knowledge about a particular subject matter.  

 In addition to the RIT score, DesCartes, a subset of data, is provided as a resource to 

provide even more specific data for looking as student math readiness.  It allows a teacher details 

on how a particular student is doing on a specific type of math. DesCartes “order specific skills 

in reading, language usage, science, and math by achievement level” (About NWEA, 2012).  
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 DesCartes for math includes four goal strands: algebra, data, geometry, and number and 

computation. Student’s scores fall within a 10-point RIT range. Each 10-point range is further 

subdivided into three categories based on difficulty of items assessed: 

1. “Skills and Concepts to Enhance” (skills and/or concepts students can retain)  

2. “Skills and Concepts to Develop” (skills and/or concepts students are ready to learn 

now) 

3. “Skills and Concepts to Introduce”  (skills and/or concepts students may be ready to 

learn soon) 

 Teachers are able to access the range of each student’s RIT scores within the DesCartes 

goals to plan curriculum, order materials for the classroom, provide data for parent conferences, 

and many other things. It is an important resource for the teacher to differentiate curriculum to 

target a student’s individual weakness or weaknesses. The teacher may access any or all of the 

DesCartes goals by student or by class.  (DesCartes, 2012).  For the purpose of this research, 

since dimensional analysis uses equivalent fractions as conversion factors to solve problems, 

each student’s RIT Score and DesCartes goal for number sense will be analyzed for the use of 

equivalent fractions as conversion factors. At the recommended fall tenth grade math score and 

the fall eleventh grade math score, students should be working to enhance and develop several  
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key concepts that would help them succeed in working dimensional analysis problems. These 

include the following: 

• “Translate a problem to a symbolic expression or equation (analysis)” 

• “Comparing fractions (comparing numerator and denominator)” 

•  “Expressing percent as a fraction”  

• “Represents the relationships of quantities in the form of an expression”  

• “Solves problems involving fractions (multiple operations, conversions)” (About 

NWEA, 2012). 

Limitations 

 As it has been noted, working problems with dimensional analysis poses difficulty for 

students in the physical sciences.  While this study tests whether this difficulty is due to math 

skill deficiency, this researcher acknowledges there are other factors that influence a student’s 

ability to work these problems. For example, students may have difficulty working the problems 

due to the fact that the units are unfamiliar, such as conversion of moles rather than the unit of 

time.  Furthermore, students may struggle with translating words into numbers in a word 

problem. It is also possible that when the problems become more difficult the students may lack 

the motivation to continue.  All of these conditions could limit the study.  As mentioned 

previously, studies of student readiness for chemistry have been limited primarily to college 

chemistry.  Extrapolating the information in these studies to the present research may be a 

limitation to this study.



13	  	  

CHAPTER 3 

METHODOLOGY 

Participants 

 The research was completed in a small town in the Midwest during the 2012-2013 school 

year. The town has approximately 13,000 residents with about 2000 students enrolled in the 

school district. Most of the students are Caucasian, 89.16%; however, minorities enrolled in the 

district include Hispanic (5.05%), Black (3.55%), American Indian/Alaskan Native (2.20%), and 

Asian (0.04%). Approximately, 58% of students are classified as economically disadvantaged, 

which is higher than the state average of 48%.  The district attendance rate is at the state average 

of 95% with most students attending school regularly. School attendance and graduation rate 

have been a focus of work the past several years. The graduation rate has risen recently and is 

currently at 87%. This is higher than the state average of 83% (Report Card 2011-12, 2012).  

 The high school where this research took place has approximately 600 students enrolled 

in grades 9-12. This research was completed in the high school chemistry classroom. Chemistry 

is required in the honors track for sophomore students and may be taken as an elective for juniors 

and seniors.  The current prerequisite for enrollment in chemistry is concurrent enrollment in 

geometry or having passed geometry in a previous school year.  In geometry the students expand 

on the algebraic concepts of fractions and proportions introduced in algebra I as well as learn 

logical reasoning and problem solving skills through proofs, constructs, and locus that are 

needed for sound math and science practices (El Dorado Course Handbook, 2013).  

 Most juniors and seniors enrolled in chemistry are concurrently enrolled in geometry or 

algebra II. The mathematics track for the honors sophomore students included geometry as 
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freshman, algebra II or advanced algebra II as a sophomore, trigonometry/math analysis as a 

junior, and college algebra or calculus I as a senior.  The difference between honors and non-

honors math courses are the speed and rigor of the coursework.   

 Control group (Group A). The control group included 33 students enrolled in chemistry 

during the 2012-2013 school year.  The participants included 17 honors chemistry sophomores 

and 16 chemistry juniors. These students will be assigned numbers 1- 33 and will be referred to 

as Group A.  

 Demographics. The control group was also a homogeneous group as was the research 

group.  This group consisted of 33 students with all but one being Caucasian.  The one minority 

student was Asian. There were 14 males and 19 females. The math data for the control group 

holds true to the patterns of the research group’s math class data with a couple of exceptions. The 

regular chemistry class data shows more students enrolled in advanced algebra II and 

trigonometry than was seen in the experimental group.   

 Research group (Group B). The research group consisted of 45 students enrolled in 

chemistry I during the 2012-2013 school year.  The participants included 26 sophomore students 

enrolled in honors chemistry and 19 junior students enrolled in chemistry. This group will be 

referred to as Group B and will be assigned a number of 1-45.   

 Demographics. Of the 45 students in the research group, there are 22 males and 23 

females. All but one of the students is Caucasian; therefore, the group is very homogeneous in 

terms of race.  The single minority student is African-American. The regular chemistry students 

are currently enrolled in a variety of math classes from geometry to trigonometry.  The honors 

chemistry students are on an honors track, which placed them primarily in algebra II or advanced 

algebra II as sophomores.  
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 Special needs. There are two students in the experimental group that have special needs 

and have an Individualized Instruction Plan (IEP).  They both struggle with reading 

comprehension and time on task.  They have a paraprofessional in the classroom with them to 

assist them if needed.  Although they require only minor modifications, one of the modifications 

used for them is to have the tests and quizzes read to them if they request it.  This will be offered 

to them on the assessments used in this research. Table 1 shows the demographic data for the 

participant groups.  

Table 1  
 
Participants Demographics Data 
 

 

 

Class	   Number 

Gender Race 

Classification 

 

Participants Male Female Caucasian 
African 

American IEP 

Control 
Group A 

Chemistry 16 9 7 16 0 11 0 
Honors 

Chemistry 17 5 12 16 1(Asian) 10 0 

Research 
Group B 

Chemistry 19 12 7 18 1 11 2 
Honors 

Chemistry 26 10 16 26 0 10 0 

 

 Math demographics. The concurrent math enrollment for the participant groups is 

shown in Table 2, with the fourth sixth week math grades for each student is shown in Figure 1.   

Table 2  
 
Participants Concurrent Math Enrollment  
 

 

Class	   Number 

Concurrent Math Classes 

Classification Participants Geometry 

 
Algebra 

II 

Advanced 
Algebra 

II Trigonometry 

Control 
Group A 

Chemistry 16 3 6 4 3 11 
Honors 

Chemistry 17 2 4 11 0 10 

Research 
Group B 

Chemistry 19 6 8 1 4 11 
Honors 

Chemistry 26 3 6 17 0 10 
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Figure 1: Fourth six-week math grades for sophomore and junior students in chemistry 
 
Overall math grades ranged from 39% to 101%.  The grades for group A ranged from 54% to 

101% while the grades for group B ranged from 39% to 100%. 

NWEA MAP Data 

 The fall 2012 NWEA scores were analyzed for both the RIT score and the DesCartes for 

specific math functions. The students’ values were recorded and matched to where a student in 

the tenth and eleventh grade should score during the fall term. These data were used to see if the 

student’s math ability was comparable to the normative data of a 10th or 11th grade student at this 

time of the year. This would indicate whether a the student should have the math skills needed 

for successfully working the types of unit conversion problems with equivalent fractions needed 

for success in solving dimensional analysis problems in chemistry.  The RIT score normative 

data for math in grades ten and eleven is shown in Table 3 (2011 Normative Data, NWEA, 

2012). NWEA norms have a typical standard deviation of 10 – 15 (Research Corner, NWEA, 

2012).  
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Table 3 

2011 Mathematics Status Norm Values (RIT values) 

Grade 
Beginning of the Year 

Mean 
Middle of the Year 

Mean End of the Year Mean 
10 234.4 235.5 236.6 
11 236.0 237.2 238.3 

 
 At the beginning of the year, when the fall NWEA test is administered, the 2012 mean 

NWEA score was 234.4.  Therefore, a sophomore student should fall at this benchmark on the 

NWEA Mathematics Test when tested in the fall. During the middle of the year a sophomore 

student should achieve the benchmark score 235.5 on the winter test and the end of the year a 

sophomore student reach a score of 236.6. The juniors follow this same pattern. However, having 

had more math practice, they should score higher achieving the mean scores listed in the table.  

 Figure 2 shows the RIT score by student for the 78 sophomore and junior students in 

groups A and B involved in the study.  

Figure 2. RIT scores for 78 sophomore and junior chemistry students on the Fall 2012 NWEA 
test 
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 The student’s scores ranged from a 223 to 281. Group A, the control group, showed the 

lowest RIT scores, while group B, the experimental group, showed the highest RIT scores. 

Group A scores ranged from 223 to 265 while Group B scores ranged from 225 to 281. The 

mean scores for Group A and Group B are shown in Table 4.   

Table 4 
 
Fall 2012 NWEA Group Mean Scores  
 

 

Group Mean Score Standard Deviation 
Group A 

• Sophomores 
• Juniors 

 
250.5 
243.8 

 
10.3 
11.3 

Group B 
• Sophomores 
• Juniors 

 
252.1 
242.3 

 
11.7 
10.3 

  
 The mean scores for both groups were higher than the NWEA means for the fall 2012 test 

as seen in Table 3.  Based on this data, most students should be ready to do the mathematics 

required in chemistry.  However, there were some students who scored lower than the mean as 

well.  The NWEA score distribution range is shown in Figure 3.  

Figure 3. NWEA percent score distribution for 78 sophomores and juniors in chemistry on the 
fall NWEA 2012 test 
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 On the NWEA test, students are given a RIT score within a range of ten to correlate with 

DesCartes information subsets. From the students in chemistry and honors chemistry, 6.5% of 

scores are in the 220-230 range, 20.5% of scores are in the 231-240 range, 37.2% of scores are in 

the 241-250 range, 8.9% of scores are in the 251-260 range, and 2.6% of scores are above 270.  

At 270, the range bands end, with 270 being the top of the RIT band scale. Only two students 

scored above the RIT score range band with the highest score being at 281.   

 As stated earlier, the Fall 2011 RIT values showed that the average RIT value for a 

sophomore on the NWEA test is 234.4 and for a junior, the average value is 236.0.  When 

comparing the sophomores and juniors in chemistry, the percent of students above the median 

scores is shown in Figure 4.  

Figure 4. Percentage of sophomore and junior chemistry students with RIT scores above the 
median on the fall 2012 NWEA test 
 
  Approximately 75% of the juniors have RIT scores above the median, whereas, more 

than 90% of the sophomores have RIT scores above the median.  According to this data, students 

with a RIT score within the DesCartes goal band of 221-230 or 231-240 would be ready for the 

development of using equivalent fractions as conversion factors.  Students with a RIT score 
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above 240 would have a good ability to use equivalent fractions as conversion factors.  Their 

DesCartes goal would show that fractions of this type are a goal to enhance. Since this is a 

continuum of learning, students whose RIT scores fall within lower DesCartes goal bands would 

need more development of the concept than someone with a higher RIT score.  This skill would 

fall under a concept to introduce if the RIT score falls within the 211-220 DesCartes goal band.    

 In order to determine whether the student’s math scores align with the NWEA data, 

student’s grades for the fourth sixth week grading period and NWEA RIT scores were correlated. 

The correlation between math classroom scores and NWEA scores is shown in Figure 5.  

Figure 5: Correlation of NWEA RIT scores and classroom math scores for sophomore and junior 
students in chemistry 
 
 The overall trend in NWEA RIT score correlation with math score is positive.  Therefore, 

the higher the RIT score, the higher the student’s grade is in math.  Group B shows sharper 

positive trend than does Group A. Since all the students fall above the RIT Score of 221, all 

should be ready to use equivalent fractions as conversion factors. Furthermore, achieving high 

math scores helps a student to score higher on the math portion of the NWEA. 
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Research Study 

 Dimensional analysis was introduced to chemistry and honors chemistry students prior to 

the unit concerning the mole and mole conversions.  In order to successfully convert moles to 

atomic particles, liters of gas, and/or mass, students must be able to solve dimensional analysis 

problems. A specific teaching of equivalent fractions to be used as unit conversion factors was 

completed prior to the discussion of dimensional analysis.  

 Math teaching review strategies. After reviewing and analyzing the selected DesCartes 

subsets concerning conversion factors and equivalent fractions, a review of the math skills of 

these indicators was completed with both the research and control groups to provide similar 

knowledge to each student prior to working dimensional analysis problems in chemistry.  First, a 

review/teaching of using equivalent fractions as unit conversions and converting words to 

numbers in word problems was completed as whole group instruction.  Then, grouping a strong 

math student with a weak math student and two average math students according to NWEA RIT 

scores, the students were assigned problems to practice the math strategies (Equivalent Fractions, 

2013).  After adequate time to collaborate, they explained steps to convert the problems to other 

groups in a round robin fashion. Further, they were instructed to show the problem solution on 

the whiteboard.  Monitoring and observations were done during the problem solving activity to 

clear up misconceptions and aide assistance when needed. Once the review was completed, a 

five-question math quiz was given to show that the students had the needed math skills to 

proceed with dimensional analysis (See Appendix D). 

 Teacher - centered dimensional analysis study. Students in the control group were 

exposed to dimensional analysis using a traditional teaching approach. As an introduction to 

dimensional analysis, the students were given notes from a power point presentation and shown 
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the process for converting units using dimensional analysis.  Next, they were given the task of 

completing an interactive dimensional analysis online activity in which the computer guides 

them in choosing the correct answer for the problem (see Appendix E). Once completed, the 

students completed a conversion factors list to be used to solve the problems (see Appendix F). 

This was followed by a worksheet using dimensional analysis to solve both single and multistep 

conversion problems with familiar units (see Appendix G).  Once the dimensional analysis unit 

was completed, students used dimensional analysis during the rest of the year to solve chemistry 

problems.  

 Manipulative - assisted dimensional analysis study. The research group used 

dimensional analysis picture cards as described by Saitta, et al. in 2011 (see Appendix B).  In this 

process, the picture cards provide a very concrete way of investigating the process of 

dimensional analysis.   The cards were specially designed to have pictures of animals on the top 

and/or bottom of a card divided in half horizontally.  The reverse orientation is seen on the 

opposite side of the card (see Appendix H).  Following Saitta, et al, 2011, an activity was 

designed which allowed the students to manipulate animal picture cards to solve dimensional 

analysis problems. First, the students would arrange the cards, cancel out the “units,” draw the 

problem, and ultimately arrive at a relationship between the animals. Once this was completed, 

problems were added using the same picture cards but with numbers of animals added to the 

problems.  The students used multiplication and division of the animal numbers to arrive at the 

correct solution.  As the students mastered the concept of animals on a worksheet, numbers and 

units without the animals were introduced.  The students were instructed to use a conversion 

factor sheet to make cards using conversion factors of time (Appendix I). 
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 Next, a brainstorming discussion was held as to how these two activities related to 

mathematics.   Students were instructed to arrive at three ways this activity relates to the use of 

mathematics.  Teacher prompts for brainstorming included statements such as think about the 

relationship of the numbers, what do the lines on the cards represent, and what could you replace 

the pictures with in order to arrive at a math problem? The students were paired and using a 

think-pair share strategy they were given time for discussion. The groups contributed their ideas 

in whole group discussion in a round robin format and any misconceptions were addressed.  

  Once this discussion was completed, students were provided with conversion factors of 

common units and provided with cards to make use of the above strategy to solve chemistry 

problems. Once this activity was completed, the strategy was made available for the students to 

use to solve dimensional analysis problems during the rest of the school year.  

Common Instruments 

 Assessment took place in a variety of ways.  Although the teaching methods were 

different, the assessments were the same for both the research group and the control group.  Each 

group was given pretest prior to the beginning of the unit. Once the math problems on the pretest 

were graded and analyzed, the math concepts were reviewed in class in order to assure that all 

students have the math skills required to complete dimensional analysis.  A math quiz followed 

the lesson to confirm knowledge. As the lessons were completed, an observation instrument was 

used with students during the activities and analyzed for specific needs, help with word 

problems, and/or misconceptions. Once the lessons were completed, a common pretest was 

scheduled. However, due to unforeseen circumstances, it was impossible to give the posttest.  

Therefore, a common retention test was given at the end of the semester, which measured the 

students’ ability to retain knowledge of dimensional analysis.  
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 Dimensional analysis pretest. A dimensional analysis pretest was given prior to the 

study of the mole unit. The pretest was used to investigate whether the students had any prior 

knowledge of dimensional analysis as well as to determine areas of weakness in certain math 

concepts that support the skill of dimensional analysis. The pretest consisted of 10 multiple-

choice problems with a box for showing the work used to complete the problems (see Appendix 

J).  Three of the 10 problems were algebra problems, which involved solving for x or solving for 

a proportion. The other seven were problems that either asked for the conversion factor needed to 

solve a dimensional analysis problem or to solve a problem with the skill of dimensional analysis 

(Burger, et.al., 2007; Math Skills Assignment, 2011; Proportion Word Problems, 2012). 

Although some students could work the problems using other math reasoning skills, they were 

instructed to solve the problem using dimensional analysis when appropriate.  In addition to the 

math skills, interpreting word problems was also a part of the pretest.  To solve five problems, 

students translated words into problems. Students took the pretest prior to instruction.  

 Qualitative observation instrument. During the dimensional analysis activities, both 

cooperative and independent, an observation instrument was used to allow the researcher to note 

any weaknesses in math skills or dimensional analysis skills or when additional dimensional 

analysis help is needed.  It also allowed the researcher to evaluate student behaviors, which may 

or may not contribute to the process of learning to work dimensional analysis problems.  The 

observation instrument was common to both the research and the control group and was a 

spreadsheet, which allowed the teacher to quickly assess the students’ behaviors. Behaviors 

assessed included the following: on-task, off-task, redirected, talking or questioning off-topic, 

word problem translation, or solving dimensional analysis problems.  
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 Math quiz. One of the hypotheses of this research stated that if a student is taught to 

work the math skills needed for dimensional analysis then they will be able to work the 

dimensional analysis problems to a high level. Once the math skills ratio, proportion, equivalent 

fractions, and translation of words into numbers were reviewed and activities completed, a five-

question math quiz incorporating these skills was given and results analyzed to determine this 

readiness. 

Dimensional analysis retention test  

 Lastly, all students were measured using a common retention assessment.  The test was 

administered the last week of the semester prior to finals. It consisted of 10 questions similar to 

the pretest, but not identical (see Appendix K).  

 Other assessments. The students were also graded and assessed on the dimensional 

analysis activities completed in class. For the control group, this included dimensional analysis 

problems, notes, and Internet worksheets.  For the research group, this included activities 

including dimensional analysis with cards, metric conversions with cards, and dimensional 

analysis problems. 

Analysis of Data 

 Pretest data. The pretest was written to see whether the students could perform both the 

mathematics and the dimensional analysis in order to solve the problems.  Therefore the 

assessment was analyzed according to four criteria: accuracy of the answer, correct translation of 

words into numbers, correct mathematical process, and correct dimensional analysis technique.   

 Since the pretest was given prior to a discussion of dimensional analysis, a correct 

dimensional analysis answer was deemed to be when a student wrote down the correct 

dimensional analysis steps for multiplication or division of the numbers.  Correct mathematical 
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process points were given for logical mathematical steps that lead to the correct answer. Since 

three of the questions simply required a multiple-choice response, those questions were analyzed 

only on correct response.  The other seven questions were analyzed on the four criteria 

mentioned above.  With each evaluation point, the pretest points totaled 27 points.  

 Math quiz. The math quiz given after the explicit teaching of math concepts needed for 

dimensional analysis was analyzed according to correct answers.  As stated earlier, the goal was 

for the students to score 80% or better on the quiz to show they can use the math skills needed 

for dimensional analysis.  

 Retention test data. The retention test consisted of similar questions as the pretest. 

These questions were analyzed with the same four-point scale as the pretest above.  Using the 

evaluation points listed, the posttest had a total of 30 points.    

 Learning gain scores. Learning gains show how much the student actually gained 

compared to what is possible for the student to gain in comparing two assessments.  It is a 

comparison of the pretest and posttest or retention test scores (Dellinger, 2013). In this study, 

gain scores were recorded once the pretest and retention tests were analyzed. 

 Qualitative observations. During the problem solving activities, both cooperative 

activities and worksheets, teacher observations were completed.  The observations enabled 

misconceptions to be cleared up as well as math weaknesses to be recorded.  This was completed 

by the use of a spreadsheet tally, which enabled data to be recorded easily.



27	  	  

CHAPTER 4 

RESULTS 

 The purpose of this research was to test the correlation between math scores and a 

student’s ability to work dimensional analysis problems in chemistry. The math skills used for 

the correlation include chemistry student’s classroom math grades, pretest and retention test 

scores, as well as the RIT scores on the NWEA math test from the fall of 2012.  The hypothesis 

for this study states that if students have the math skills needed to use equivalent fractions as 

conversion factors, then they will be able to complete dimensional analysis problems to a high 

level.  If they do not have the math ability, but are taught to use equivalent fractions as 

conversion factors, then they will also be able to work dimensional analysis problems as well as 

those students coming into the class with the required prerequisite knowledge of fractions. 

Math Quiz 

 A math quiz was given in order to show whether a student could solve ratio and 

proportion problems, translate word problems, and use equivalent fractions.  A minimum score 

of 80% on the math quiz was considered passing to ensure the students had the prerequisite math 

knowledge to adequately work dimensional analysis problems. Eighty-three percent of the 76  

students who completed the quiz passed with at least an 80%. The results of Groups A and B are 

shown in Figure 6. 
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Figure 6: Math quiz scores for sophomore and junior students in chemistry 
 
 In looking at Figure 6, the majority of students as shown by their quiz scores indicated 

they should have the prerequisite math knowledge needed for the dimensional analysis problems. 

The seven students who didn’t pass the quiz with an 80% were given additional targeted 

instruction before they began the dimensional analysis unit.  While it was surprising that all 

students didn’t make at least 80%, 56% of the students made a 100%.  Furthermore, of the seven 

students who didn’t pass the quiz, only one of those students was a sophomore. For many of the 

students who didn’t pass the quiz, a major problem seemed to be interpretation of the questions, 

especially the translation of words into numbers or expressions.  

Pretest vs. Retention Test 
 
 Once the math knowledge needed for dimensional analysis was tested for and weaknesses 

addressed, a pretest containing math problems and dimensional analysis problems, both word 

and numeric, was given. The pretest average scores demonstrated little understanding of 

dimensional analysis before instruction. The scores for Groups A and B were 56.2% and 53.5% 

respectively. Both groups failed the pretest with Group A doing slightly better than Group B.  



29	  	  

After teaching the material and using it for problem solving during the rest of the year, a 

retention test was given. The average scores for the retention test were 70.6% for Group A and 

71.7 % for group B.  Both groups showed improvement on the retention test.  Figure 7 compares 

the pretest and retention test average scores.  

Figure 7: Pretest and retention test scores for sophomore and junior chemistry students 
 
 The retention test scores ranged from 23.3 to 100.0 for Group A and for Group B, with 

two students making a 100% in Group A and one student in Group B making a 100%. Since the 

means were slightly higher in Group B, a statistical analysis was performed on the data to see if 

these increases were statistically significant.  

Statistical Analysis 

 A t-test was employed to compare the retention tests of Groups A and B to see if there 

was a statistical significance in the data. The t-test value is represented by a p-value.  By 

convention, if the p-value is <0.05 or 5%, the data is considered to be significant.  Or, in other 

words, “any result that has the probability of occurring by chance more than five times out of 

100 is not statistically significant” (McREL, 2004). The t-test value was calculated using an 
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 online calculator site (Graph Pad Software, 2013). When calculating the retention test p-values 

comparing Groups A and B, the p-value is 0.41.  By convention, this is not considered 

significant.  

Learning Gain Scores 

 Learning gain scores allow the researcher to determine whether individual or group gains 

in learning have been made.  The pretest and the retention data are compared to calculate gain 

scores. In this study, the pretest percentages were compared with the retention test percentages 

according to the following formula: 

Retention % - Pretest % = Learning Gain Score 100 % – Pretest % 
 
When calculating learning gain scores, a score of 1.0 would indicate that the student or group 

gained all possible information (Dellinger, 2013). This would be the ideal outcome for the 

research. In any event, a positive learning gain score would indicate a successful outcome to the 

hypothesis of whether the teaching strategies employed improved the students’ ability to 

complete dimensional analysis problems.  

 Individual learning gain scores. 

 Group A. The individual learning gain scores for group A are shown in Figure 8. Most of 

the students showed a gain in knowledge from pretest to retention test.  The pretest scores ranged 

from 14.8% to 81.5%. The retention test scores ranged from 23.3% to 100%. Seven students had 

negative learning gain scores indicating that they did not gain knowledge. Two students had very 

low learning gain scores of -.50 and -.59 (or -50% and -59%) respectively. Three students did not 

take the retention test.  
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Figure 8: Individual learning gain scores for 33 sophomore and junior chemistry students in 
Group A 
 
 Group B. The individual learning gain scores for group B are shown in Figure 9. Most of 

the students gained knowledge from pretest to retention test.  The pretest scores ranged from 

14.8% to 88.9%. The retention test scores ranged from 23.3% to 100%. Multiple students made 

perfect scores on the retention test.  Eight students out of 45 had negative learning gain scores 

although not as low as scores of Group A.  The negative scores ranged from -.035 to -0.26. 

Additionally, four students did not take the retention test.  
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Figure 9: Individual learning gain scores for 45 sophomore and junior chemistry students in 
Group B 
 
 Average learning gain scores. The average learning gain scores for Groups A and B are 

shown in Figure 10.  The average learning gain score for Group A was 32.9% and for Group B it  

was 38.7%.  Therefore, both groups made improvement in their dimensional analysis knowledge 

and process with Group B making slightly larger improvement.  

Figure 10: Average learning gains for 78 sophomore and junior chemistry students in Groups A 
and B. 
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Qualitative Observations 

 Teacher observations were made during the two-week period in which the lessons on 

dimensional analysis were taught.  Although 83% of the students successfully passed the math 

quiz, which contained representative processes needed to complete the dimensional analysis 

problems, teacher observation served as an additional way to show whether the students were 

truly able to complete the math processes needed to solve the problems. It also allowed a quick 

estimate of translating words into numbers.  The behaviors observed are listed in Table 5. 

Table 5 

Qualitative Behaviors 

QUALITATIVE BEHAVIORS 
On-Task Off-Task 
Working on Assigned Task Not working on assigned task 
Asking questions on topic Asking questions off topic 
Dimensional analysis help Talking off topic 
Word problem translation Working on other subjects 
 
 In looking more in depth at these behaviors, obviously when a student is not completing 

the work assigned, they will not improve as much as when a student is working on the assigned 

material.  Once a student was found to be off topic, he/she was redirected on to the task at hand. 

Redirecting a student in this study dealt with focusing the student to work on the assigned 

material and move away either mentally or physically from what they were currently doing.  

Student talking for this study refers to talking off-topic or away from the task at hand, while 

questioning off-topic refers to things such as asking to go to the bathroom, or get a drink, or 

other questions not related to the assigned task. Requesting help on dimensional analysis 

problems or with word problem translation referred to questions asked to clarify the problems 

assigned.  Figure 11 shows the comparison of Groups A and B of on-task and off-task behaviors 
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.Figure 11: Comparison of on-task and off-task behaviors of 78 sophomore and junior chemistry 
students
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CHAPTER 5 

DISCUSSION 

The purpose of this research was to test the correlation between a student’s math scores 

and his or her ability to work dimensional analysis problems in chemistry. In addition, the effect 

of applying the use of manipulatives to solve dimensional analysis problems was also 

investigated.  Since chemistry requires the use of math in solving problems, many students 

struggle with solving chemistry problems with dimensional analysis.  Can a student work 

dimensional analysis problems if he or she has the math ability to do so?  If the math knowledge 

is not present, can that knowledge be taught to a level that students can work dimensional 

analysis problems?  Can a student benefit from the use of manipulatives when working these 

types of problems? These questions were the topic of this study. The hypothesis for this study 

was that if a student doesn’t have the prerequisite math knowledge of using equivalent fractions 

as unit conversions to work dimensional analysis but is provided explicit teaching of the 

prerequisite knowledge, then the student will be able to work these types of problems. 

As the study progressed, other aspects of problem solving also became a factor in solving 

dimensional analysis problems.  For example, some students who do well in math can also have 

difficulty in applying their knowledge to other courses such as chemistry.  Some students cannot 

interpret word problems well enough to apply math to dimensional analysis. By using qualitative 

observations and the math quiz, these factors were also investigated.  

Data Analysis 

In order to determine whether the students had appropriate knowledge to work 

dimensional analysis problems, a series of data was analyzed.  First, NWEA test results were 
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organized and compared to the math grades of the sophomores and juniors in the study.  It was 

noted that all but six students or 6.9% of the students had NWEA scores that were at or above the 

average RIT score for their grade.  All but seven students were able to make 80% on a math quiz 

of questions that relate to dimensional analysis such as ratio, proportion, and fractions. Likewise, 

the NWEA score correlated positively with the student’s math grade.  Based on the math data 

alone, most students should be able to work the problems of dimensional analysis. The data from 

a math quiz showed similar results. For added help, the students who could not achieve 80% on 

the math quiz were given additional math teaching so as to bridge the gap before the students 

took the pretest. In so doing, the students were able to start out on an even mathematical playing 

field before the dimensional analysis problem solving began. 

If math function was the only characteristic needed to do well, the students should have 

done well on the pretest.  However, in the high school where this study occurred, students have 

been exposed to dimensional analysis as they progress through their science courses.  However, 

as reported by the students themselves, many struggle to the point of giving up trying to solve 

problems using this technique.  Therefore, low pretest scores were expected and bore this out 

with low scores in both groups. Both groups had very low pretest mean scores, 56.2% for Group 

A and 53.5% for Group B.  From these scores, it was apparent that the students either had 

negative exposure to dimensional analysis or they had forgotten much of what they had learned 

in previous grade levels.  Lastly, once dimensional analysis was taught either by a manipulative- 

assisted strategy or a teacher - centered strategy, a retention test was given. The retention test 

was administered the last week of the semester and used to gauge whether dimensional analysis 

knowledge was retained through the remainder of the year.  The average scores on this test were 

much higher than the pretest scores. The average scores for the retention test were 70.6% for 
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Group A and 71.7 % for group B.  A comparison of results of the pretest and retention test is 

shown in Table 6.  

Table 6 
 
Comparison of Test Score Results by Percentage for Sophomore and Junior Chemistry 
Students. 
 Group A Group B 
 Pretest Retention test Pretest Retention test 
Mean 56.2 70.6 53.5 71.7 
Range High/Low 81.5/14.8 100.0/23.3 88.9/14.8 100.0/23.3 
Median 56.5 75.0 55.6 73.3 
 
 When comparing the pretest and retention test scores, it shows that an increase in 

knowledge was gained from the pretest to the retention test, which is to be expected.  The 

retention test scores were within one percent of each other, indicating the differences were not 

significant. Although the t test showed no significant difference in the scores, it should be noted 

that the manipulative-based strategy did not show worse gains than the teacher-based strategy.  

Therefore, this strategy could be another excellent option for teaching dimensional analysis in 

the chemistry classroom. 

In considering the median scores in Table 6, it is of note that the medians of the retention 

tests are several points higher than the means.  This would imply that a very low score or scores 

in both groups drove down the means of each group.  In looking at the range for the scores, both 

retention tests had a low score of 23.3%.  Group B also had a second very low score of 26.7%.  

These two scores would drive the retention test mean down.  When looking at these student’s 

NWEA scores, both of the student’s scores were on the lower end of the range to show math 

ability for chemistry.  The student’s scores were 239 and 230 respectively.  As for the low score 

in Group A, this student’s NWEA score was in the high range so her math ability and ability to 

work with dimensional analysis should be good. However, when looking at her retention test she, 
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as well as the other two students, received zero points for using dimensional analysis. These 

students did not attempt to set up the problems or solve for the answer. Since these students did 

very poorly on the retention test they lowered the mean of the scores for their group. 

 Learning Gain Scores. In analyzing learning gain scores, it should be noted that overall 

learning gains in dimensional analysis problem solving were made both from using the teacher 

strategy and the research strategy.  While the majority of students made positive gains, a total of 

15 students out of 78 had negative learning gains, seven students in Group A and eight students 

in Group B. Learning gain scores were organized into four groups for study.  These groups 

include no gain, low gain, middle gain, and high gain.  No gain is defined as any negative gain or 

<0. Low gain is defined from 0.01-.39, middle gain is defined as 0.4-0.69 and high gain is 

defined as 0.7-1.0. 

 Group A learning gain scores are shown in Table 7. There were 33 students in Group A; 

however, three students did not take the retention test, so the scores were calculated from 30 

students. 

Table 7 
  
Learning Gain Scores Group A 
 

Category Range Student Number Student Percentage 
No Gain <0 7 23% 

Positive Gains    
Low .01-.39 8 27% 

Middle .4-.69 8 27% 
High >.7 7 23% 

 
 In looking at Table 7, the first item to note is that 77% of the students in Group A made 

gains in knowledge of dimensional analysis during the unit and beyond, with 50% of them 

falling in the highest two categories.  It is unfortunate that 23% did not achieve gains in their 
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knowledge of dimensional analysis.  Since the gain scores were obtained from using pretest and 

retention test data, it is possible that some of the students may have lost knowledge since the 

retention test was given several weeks after the unit was complete.  According to Halpern and 

Hakle (2003), students need to use the material they are presented in varied ways and under 

varying conditions in order to promote long-term retention. Students need to interact with the 

material more often in order to internalize it. Furthermore, according to Ramraje SN, (2011), 

educational testing especially testing with multiple choice type questions of key concepts 

promotes retention.  It is possible that too much time lapsed before the retention test was given to 

show increase.  Furthermore, Group A was the teacher-based study, which required note taking, 

paper/pencil problem solving and use of the computer.  There were less interactive activities 

used with Group A. 

 Using the same criteria as Group A, the learning gain scores are shown for Group B in 

Table 8. 

Table 8 
  
Learning Gain Scores Group B 
 

Category Range Student Number Student Percentage 
No Gain <0 8 19.5% 

Positive Gains    
Low .01-.39 12 29.2% 

Middle .4-.69 11 26.8% 
High >.7 10 24.4% 

 
 Although 45 students were in Group B, only 41 students took the retention test.  

Therefore, the data was calculated using 41 students. Eight students in Group B showed no gains.  

This is a slightly smaller percentage than in Group A.  Approximately, 30% showed small gains 

and 50% showed middle and high gains.  Since Group B was the research led strategy; it is 
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possible that the increased interactive strategy of the cards helped some of the students 

internalize the use of dimensional analysis, which raised the scores slightly. 

 Comparing both sets of scores, Group B had slightly fewer students with no gains, 

slightly more with low gains, and exactly the same amount of high gains of 50%.  Group B had 4 

students who made a learning gain of 1.0, which shows that the student improved his or her 

learning as much as possible.  This is compared to Group A with only 1 student making that type 

of gain.  Additionally, Group A had negative learning gains ranging from -0.26 to -0.50 with two 

extremely low learning gain scores of -0.50 and -0.59.  In contrast, Group B has low gains that 

ranged from only -0.04 to -0. 26. Based on this data, Group B had more impressive gains than 

did Group A. According to the literature above, using the strategy in more interactive, 

internalizing ways should promote retention. 

 A comparison of Group A and Group B learning gains and NWEA scores are seen in 

Figure 12. 

Figure 12: Correlation of NWEA scores and learning gains by group 
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 In comparing learning gain scores with NWEA scores, Figure 12 shows an overall 

positive trend in both groups in spite of a few students who did not perform as well on the 

retention test as was expected. As mentioned earlier, the retention test was a multiple-choice test 

with points being given for both the answer and the problem setup.  While most of the students 

set up the problems, a few students did not and thus did not receive points for that part of the 

retention test. Some of these students did have higher NWEA scores, which would have shown 

as a low learning gain but high a NWEA score on the correlation graph.  These students would 

lower the overall positive trend.   

 Another important point to notice is that Group B started from an overall lower point than 

did group A. Therefore, it should be noted that Group B made higher gains than Group A.   

 Qualitative Analysis. In this study qualitative behavior data was used to further provide 

evidence of learning. In looking at Figure 10, it is clear that there was a high level of on-task 

behaviors observed throughout the study in both Groups A and B.  Group A had slightly higher 

levels of on-task behavior than did Group B.  This could be expected since the type of activities 

differed amongst the groups.  Group A instruction included lecturing, computer activities, and 

problem sets, while Group B instruction involved more activity and cooperative learning 

activities.  

  Since Group B activities required more interaction than those completed by Group A, 

more opportunity was provided for students to be distracted or exhibit negative behaviors.  

However, since Group B learning gains were slightly higher than Group A, the increased 

interaction did not appear to cause decreased learning.  In fact, for some students the increased 

manipulation of activity cards may have actually helped them internalize the ability to work the 

dimensional analysis problems. The students expressed a positive view of using the picture 
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cards. Several students mentioned that for the first time they actually understood dimensional 

analysis when using the cards.  Two students asked if they could make their own cards and use 

them on future activities or tests.  

 One of the positive qualitative observations studied was “asking questions about 

dimensional analysis”.  It should be noted that as students requested help on dimensional 

analysis problems, one of the major problems addressed was that students didn’t know how to set 

up the problem. While most students understand that in order to cancel units they must be 

located both in the numerator and in the denominator, as students worked multistep problems, 

unit placement seemed to be an issue.  In multistep dimensional analysis problems students 

became confused about number placement based on the units for conversion.  For some, they 

were more interested in finding the solution to the problem quickly than making the required 

conversions in order. Once they worked on the problems from beginning to end, rather than 

trying to achieve the answer immediately, they improved their problem solving ability using 

dimensional analysis.  

 Some students had difficulty translating and setting up word problems. To effectively 

solve word problems, several factors are at play. Students must be able to read and interpret the 

problem correctly, formulate a strategy to solve the problem, and perform the needed 

calculations in order to solve it.  There has been work done with metacognitive strategies and 

representations to help students maximize their problem solving skills (Krawec, et.al 2013).  

Furthermore according to Barwell (2003), students will formulate answers to word problems 

better if their personal experiences are used to help them solve these types of problems.  

 In this study, a series of steps was used to help the students work the problems. First, the 

given quantity had to be determined and written down.  The students were instructed to read the 
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problem, find the number with the unit following, and write down this number as the given 

quantity. Second, students determined the quantity being looked for and the conversion factors 

used in order to reach the answer.  

 Once they were able to complete this task, they were instructed to complete the 

mathematics of the problem. Once the students went through the steps outlined above, most 

students were able to solve the math without difficulty.  There were still some students who 

struggled and required more practice to solve the problems. The more problems the students 

completed, the better they became at the process. This was true for Both Groups A and B and 

both groups improved as they practiced the process. 

  In future studies, more testing should be done on these two indicators to see how they 

impact the study of dimensional analysis.  For some students, the reading and translation aspect 

may be as much of a contributor to their difficulty with dimensional analysis as their math 

ability.   

Practical Implications 
  
 Mathematical ability has long been discussed as a predictor of chemistry success (Denny, 

1974; Dierks, Wininger, & Herron, 1985; and Donovan & Wheland, 2009).  Pickering (1975) 

found that success in college chemistry had a proportional correlation to math SAT scores.  He 

further concluded that mathematical ability is a strong predictor of success in college chemistry. 

While most of these studies have been completed with students at the college level the 

correlation between mathematical ability and success in chemistry can also been seen at the high 

school level (Denny, 1974). Since students in this high school are required to take NWEA Test 

of math skills, the results of this test were analyzed and used as predictors of mathematical 

ability.  
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 The results of this study showed that NWEA math scores did show a positive trend in 

regards to the ability to work dimensional analysis problems to a high level. The students who 

had a high NWEA math score did better on the pretest and the retention test than did students 

with a lower NWEA score. Of the 10 students who had NWEA mean scores below the expected 

average all of them achieved a failing percentage on the pretest and only four of them passed the 

retention test.  However, of the other 68 students who had means above the expected averages, 

70.6 % and 71.7% made a passing score on the retention test.  While this is not a high positive 

predictor of success, it does show that students who do not do well on this test will likely have 

limited success on dimensional analysis.  That does not say that students who are motivated to 

learn and work hard may not achieve success in chemistry but the results of this study do 

correlate with the outcomes found in the literature.  

Dimensional analysis has long been a difficult skill for students to master (Baggett, 2007; 

Saitta, Gettings, & Geiger, 2011; Uce, 2009; Wagner, 2001). They struggle with adaptation of 

their math knowledge to chemistry problems (Donovan & Wheland, 2009; Saitta, et. al., 2011).  

Several active teaching strategies have been employed to teach the skill of dimensional analysis 

with positive results (Baggett, 2007; Saitta, et. al., 2011; & Wagner, 2001).  The strategy 

employed in this study was dimensional analysis picture cards.  These were fashioned after the 

strategy as seen in Sattia, et. al (2011). In that study, students who participated in solving 

dimensional analysis problems in the experimental group using the picture cards were found to 

be statistically more successful at solving the problems than the control group, which did not use 

the strategy. The picture cards were easily understood and had “universal appeal”. Furthermore, 

questions were addressed so as to avoid common errors and to tie the problems to correct math 

practice (Sattia, et. al, 2011 p. 915).  
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  In this study, students in the experimental group did perform better on the retention test 

than did those who used the teacher-based strategy although not significantly better.  In order to 

achieve more statistically significant results, using more activities in which the cards are used for 

conversion should be employed.  Starting the strategy earlier in the year would increase the 

student’s ability to internalize the strategy and become more adept at using it.  

 According to Dierks, Weninger, and Heron (1985), students have difficulty translating 

word equations into numbers.  As time progressed in this study, it became apparent that the 

students were not familiar enough with the chemistry equations to translate them to expressions 

and numbers. In the Dierks, et. al study mentioned above, the process of translation of words into 

numbers was specifically taught and practiced to improve the students’ ability to translate the 

equations.  As the students worked with translation in this study, questions were addressed 

during the qualitative analysis portion of the study.  As students asked questions, they were 

addressed before they proceeded to the next step of the study.  For further expansion of this 

study, an active component of teaching word translation would be an important additional step to 

further help the students with dimensional analysis success.  

Limitations 
  
 Due to unforeseen circumstances, the posttest could not be administered as planned, but 

transitioned into a retention test.  The retention test was given several weeks after the actual 

dimensional analysis work was completed, very close to the end of school.  It was important to 

note that while many students did extremely well on the retention test perhaps more would have 

shown a positive result if the retention test had been given immediately after the study was 

completed as a posttest.  A comparison of posttest results with retention test results would be a 

topic to consider in further research.  Furthermore, several students were unable to take the 
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retention test and, with the end of school approaching, were unable to make the test up.  

Providing enough time for everyone to participate in both tests would also increase the outcomes 

of the study.  

 Since the study was analyzed so close to the end of school, student motivation may have 

also been a limitation in the study. Since most students achieved high math NWEA scores, other 

factors may be responsible for the decreased ability to do work these types of problems. It is 

important to consider student motivation as well as other factors such as math, science, and test 

anxiety in this study. A survey of attitudes and motivation to be completed by the students prior 

to the study would help address these issues. Further, increased engagement activities could be 

provided if a lack of motivation is a problem.   

 Also, the sample size was probably not large enough to provide a strong statistical 

analysis of the data.  In this study, classroom enrollment set the sample size numbers but in the 

future, perhaps incorporating freshman science classes as well as upper level physics classes into 

the sample would provide more data and therefore, more validity to the study.  Additionally, the 

sizes of the honors chemistry classes in this study were 17 in Group A and 26 in Group B. The 

wide difference in numbers of students per class could also be a limitation to the study.  A more 

equal sample size would also allow for better validity.  

Future Study 

 This study addressed the issue of math knowledge and the use of dimensional analysis in 

chemistry.  It was determined based on NWEA data that students should have the ability to use 

dimensional analysis as a technique for solving chemistry problems.  However, they still 

struggled with the technique even with exposure to it in previous science courses. What other 

reasons are at play in the student’s inability to use the technique? Translation of word problems 
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was addressed in this study.  Student motivation, math, chemistry or test anxiety, and a host of 

other issues could contribute to the lack of ability to use the math knowledge students have.  

These topics would be issues for further study.   

 While the experimental technique employed to teach dimensional analysis showed 

promise, more work needs to be done with the technique to show better results.  Further, more 

concrete techniques should be employed and analyzed to ascertain which technique will give the 

students the opportunity to do well with dimensional analysis problem solving.  

 It is important to assess the student’s knowledge of dimensional analysis often.  In the 

future, this researcher will plan on using dimensional analysis earlier in the course and use it 

often for solving problems on paper and in laboratory settings.  Further, more short tests, 

quizzes, will be given to help the students use the dimensional analysis technique.  Also, the use 

of authentic problems to solve will increase retention.  All of these strategies would be solidify 

student’s ability to solve problems with dimensional analysis. 

Conclusions 

 While dimensional analysis has been a difficult skill for science students to use properly 

in order to solve problems, it is possible for students to be successful with the skill.  Both good 

mathematical ability as well as the ability to translate words into numbers play a role in the 

success of the technique. In order to maximize the students’ knowledge of mathematics, the skill 

of using fractions should be reviewed at the beginning of the course. Furthermore, teaching of 

the translation of words to numbers or expressions should also be undertaken early.   The use of 

concrete manipulative tools such as the picture cards used in this study give students valuable 

understanding of the technique and enable them to solve problems in the science classroom. 

Introducing the skill to the students with picture cards early in the year as an introductory 
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activity, followed by a set of metric cards, mole cards, and stoichiometric calculation cards 

would be helpful to the students as they learn conversions in beginning chemistry.  Once the 

cards have been used to introduce and work with each type of conversion using dimensional 

analysis, then dimensional analysis problems could be completed without using the cards for an 

integration and analysis activity.
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Appendix A 

Mole Ratio Flow Chart 
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Appendix B 

Dimensional Analysis Picture Cards 
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Appendix C 

Expanded Dimensional Analysis 
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Appendix D 

Math for Conversion Factors 

 

Math for Conversion Factors Name________________ 

 

Directions:  Complete the following problems.  Put your answer in the box. Show your work when 
appropriate.  
 
1. Write the ratio in 3 ways.   
 Bill has 15 black marbles, 3 yellow marbles, and 2 blue 
 marbles. Write the ratio of blue marbles to black marbles.  

 Work:  
 
2. Judy walks 5 miles in 30 minutes.  How many miles can  
 she walk in 45 minutes?       
 Work:           
 
3. Create a proportion from the list given. (Use only 4 numbers) 
        6, 11, 44, 33, 24      
 
 
4. Solve for x.  32  = 4     Work:  
       8      x 
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Appendix E 

Online Dimensional Analysis	  

Online Dimensional Analysis   Name ________________ 

http://www.wwnorton.com/COLLEGE/chemistry/gilbert/tutorials/ch1.htm 
Once at the website, scroll down to 1.4 and click on view tutorial to begin: 
 

1. In order for a numerical value to have meaning it must be 
accompanied by a ____________.   
2. In order to convert this unit to another unit, it is done using the unit 

factor method also called ______________ __________. 
3. The ________ _________ come from true statements like 1 ft =12 

inches. 
4. What is a unit factor? 

________________________________________________________
______________________________________________ 

5. Complete the following problem using unit factors. 
 

66 in = ? ft 
Work problem in 
Box. 

 
6. Give 2 conversion factors that were used in the conversion of 5280 ft 

to km.  __________ __________  What was the answer? __________ 
7. T or F.  Unit factors can be flipped when converting. 
8. ___________the units ensure correct conversions. 
9. Unit factors do or do not affect the significant figures? ________ 
10. T or F. Properties that involve a ratio cannot be used as unit factors. 
11. Read the baseball bat example.  What is the ratio used to convert? 
_________   
12. Complete the interactive problems and write your answers below: 
 
35000 ft X           = 6.6 mi 
 
2500 m X             X              X             = 82 ft 
 
0.025 lb X            X           = .69 g/cm3 

       in3      
 
   55 mg    X             X              X             = 0.00034 lb 
   355 mL        L 
 
   3 x 108 m  X          X               X             X             X             
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Appendix F 

Conversion Factors 

Conversion Factors      Name ______________ 

 
Directions: Complete the conversions below.  Use any method (metric line, book, or internet) 
to complete.   
 **One good online resource to use is http://www.onlineconversion.com. Once  there, 
under quick links scroll down to the type of conversion you are  interested in.  Click on it, 
and begin converting. ** 
 
Time: 
1 day = _____hours     1 minute = _____seconds 
1 year = _____days     1 hour = _____minutes 
1 week = _____days     1 century = _____years 
 
Length: 
1 km = _______m     1 m = ______cm 
1 m = ________mm     1 Dm = _______m 
1 cm = _______mm     1 m = _______dm 
1 mile = ______ft     1 km = ______mile (use US survey) 
1 ft = ________in     1 yd = _________ft 
 
Mass:  
1 kg  ________g     1 g = __________mg 
1 g = ________ng (nanograms)   1 g = _________ ug (micrograms) 
1 g = ________cg     1 g = __________dg 
1 kg = _______lbs     1 Mg (megagram) = _________g 
 
Volume: 
1 L = ______uL (microliters)   1 mL = ____cc (cubic centimeter) 
1 L = ________mL     1 cubic meter (m3) = _______L 
1 m3 = ______gallons     1 L = ______cc 
1 L = ______mL     1 L = _______cL 
1 kL = _______L     1 L = ______dL 
1 mL = _____drops (I’ll help you – its 20 drops  1 gal = _____L (use US liquid) 
1 T  = _____tsp     1 gal = ____quarts (use US liquid) 
1 qt = _____pints     1 pint = ____ounces 
       1 m3 = _____gal 
 
Write the following as a conversion factor (fraction):  1 gal to qts:   1 gal 
1 Meter to millimeters  _____            4 qts 
1 Day to minutes  _____ 
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Appendix F (continued) 
1 kL to L _____ 
1 mL to cc ____ 
1 kg to pounds _____ 
1 g to ug   _____ 
1 km to miles ____ 
Mole  
1 mole = ________atoms 
1 mole = ________molecules 
1 mole = ________formula units 
1 mole = ________liters 
 
How do you convert grams to moles? 
_____________________________________________________________ 
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Appendix G 

Dimensional Analysis Practice Problems 
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Appendix H 

Conversion Cards 
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Appendix H (continued) 
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Appendix I 

Dimensional Analysis Activity 

Dimensional Analysis Activity   Name(s)__________________ 

Purpose:  To investigate the process of dimensional analysis using picture cards. 
 
Materials: Index cards with animals/insects printed on the cards. 
 
Procedure:  Use the index cards to solve the equations.   

• Animals that are identical on the top and bottom of two different cards can 
cancel each other out. 

• Arrange the cards to complete the problem.  Cancel out everything until you are 
left with the animal you are trying to find. 

 
Part I  

1. Arrange the cards to complete the problem.  Cancel out the animals until you are 
left with the animal you are looking for.  

2. Complete the cards as you go.  Either draw the animal or put its name. 
 
Problem 1: Begin with 2 dragonflies, end with snake or snakes, draw (or write) your 
intermediate step. 
 

 
Problem 2: 
Start with a frog and end with an owl.  Draw your intermediate step as above.  

  
 
  

Dragonfly 
 Dragonfly 

      
Snake 

           

 
Frog 

    
Owl 
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Appendix I (continued) 

Problem 3: Start with 4 Frogs and end with an owl. Draw your intermediate step. 
 
 Frog    Frog 
 Frog    Frog 

     
Owl 

     

 
Part II: Animals and Numbers 

1. Continue using the cards as before. 
2. Pay attention to the Pictures and Numbers of animals. 
3. Place the numbers above and below the cards (if there is no animal in the box or 

there is 1 animal, write the number “1” in the blank). Write “2” if 2 animals and so 
on. 

4. Multiply the numbers across and put them on the line at the end of the boxes.  
Multiply the top numbers across the top and the bottom numbers across the bottom.  
The top number becomes the numerator, and the bottom number the denominator.   

5. Divide the fraction to give the answer. 
 
Problem 4: If you have 8 dragonflies, how many snakes will they feed?  Arrange the cards 
from dragonflies to owl using the frog as an intermediate. Write in your steps. 
 
         

8 
Dragon-

flies X 

 

X 

 
Snake(s) 

= 

 

= 
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Problem 5: If you have 4 dragonflies, how many owls will that feed? Use the frog the 
intermediate. Write in your steps. 
 
 
         

4 
Dragon-

flies X 

 

X 

 
Snake(s) 

= 

 

= 

 

     

         
 
 
Problem 6: If you have 4 dragonflies, how many owls will that feed.  Use the frog as one 
intermediate step and the snake as the other. 
 
           
4 
Dragon-
Flies 

X 

 

X 

 

X 

1 Owl 

= 

 

= 

 

      

           

 
 
Part 3:  Make your own cards using the units of time to complete the problem.  Now 
instead of using the boxes, use a vertical line with as many horizontal lines as you need to 
for solving the problem. The first two problems have the lines drawn for you. Staple or 
paperclip your cards to this handout when you are finished and turn in. 
  

1. How many seconds is 4 hours? 
 
 
_____________________________________    =       __________ 
 

2. How many seconds are in one day? 
 
 
_____________________________________    =       __________ 
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3. How old are you in seconds? (start with years) 
 
_____________________________________    =       __________ 
 
 
 

4. How many hours have you been in school during your lifetime (start with yrs) 
 
 
_____________________________________    =       __________ 
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Pretest Dimensional Analysis	  

Pretest	  Dimensional	  Analysis	   	   	   	   Name__________________	  

Complete	  the	  following	  problems.	  Show	  your	  work	  in	  the	  box	  provided.	  	  Put	  your	  answer	  in	  the	  blank.	  
	  
_______	  	  	  	  1.	  	  	  7	  	  	  	  =	  	  	  	  	  z	  	  	  	  +	  	  	  21	  	  	  Solve	  for	  z	  
	  	  	  	  	  	  	   	   	  	  	  	  	  8	  	  	  	  	  	  	  	  	  	  	  	  	  	  400	  
	   	  	  	  	  	  	  	  	  A.	  	  z	  =	  350	   	   B.	  z	  =	  436	  
	   	  	  	  	  	  	  	  	  C.	  	  z	  =	  371	   	   D.	  z	  =	  329	  	   	  
	  
_______	  	  	  2.	  	  4x	  +	  30	  =	  15	  	  	  Solve	  for	  x	  
	   	  	  	  	  A.	  x	  =	  3.75	   	   B.	  x	  =	  -‐3.75	  
	   	  	  	  	  C.	  x	  =	  11.25	   	   D.	  x	  =	  -‐4.5	  
	  
_______	  	  	  3.	  	  15	  inches	  =	  _______	  cm	  	  	  	  	  (2.54	  cm	  =	  1	  in)	  
	  	   	  	  	  A.	  2.54	  cm	   	   B.	  38.1	  cm	  
	   	  	  	  C.	  5.9	  cm	   	   D.	  17.54	  cm	  
	  
_______	  	  	  4.	  	  What	  is	  X?	  	  
	  
	  

A. 1000	   	   B.	  100	  	   	   C.	  	  	  10	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  D.	  1	   	  
	  
_______	  	  5.	  Choose	  one	  conversion	  factor	  needed	  to	  solve	  the	  following	  problem:	  	  How	  many	  grams	  are	  	  
	   in	  a	  pound	  of	  lead?	  	  
	   A.	  2.2	  lbs	   	   B.	  1	  kg	   	   	   C.	  100	  g	  	   	  	  	  	  	  	  	  	  D.	  1	  kg	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  kg	   	   	  	  	  	  	   	  	  	  	  	  2.2	  lbs	   	   	  	  	  	  	  	  1	  kg	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1000	  ft	  
	  
	   	  	  	  	  	  
______	  	  6.	  In	  a	  bag	  of	  blue,	  red,	  and	  yellow	  candies,	  the	  ratio	  of	  

blue	  candies	  to	  yellow	  candies	  is	  three:five.	  
The	  ratio	  of	  red	  to	  blue	  is	  2:3.	  If	  you	  have	  60	  
yellow	  candies,	  how	  many	  red	  candies	  do	  you	  
have?	  	  

	   	   A.	  67	   	   	   	   B.	  150	  
	   	   B.	  54	   	   	   	   D.	  24	  
	  
______	   7.	  Two	  heads	  of	  cabbage	  costs	  $1.20.	  If	  Rosario	  has	  

thirty	  pesos,	  how	  many	  heads	  of	  cabbage	  can	  she	  
buy?	  (25	  pesos	  =	  1	  dollar)	  

	   A.	  1	  head	   	   	   B.	  2	  heads	  
	   C.	  3	  heads	   	   	   D.	  4	  heads	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  
______	  	  8.	  	  How	  many	  milligrams	  are	  in	  2.5	  kg	  (1000	  mg	  =	  1	  g,	  

1000	  g	  =	  1	  kg)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A.	  2500000	  mg	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  B.	  2.5	  x	  10-‐6	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  C.	  2.5	  mg	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  D.	  50	  mg	   	   	  
	  
	  
	   	  

25	  mm	   1	  m	   1	  km	  
1	   X	  	  mm	   1000	  m	  

1.	  

2.	  

3.	  
	  

6.	  
	  

7.	  
	  

8.	  
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	  ______	  	  9.	  How	  many	  cm	  are	  there	  in	  5.5	  m?	  	  (100	  cm	  =	  1	  m)	  
	   	  A.	  5.5	  cm	   B.	  550	  cm	  	  	  	  	  	  	  	  	  	  	  C.	  5500	  cm	  	  	  	  	  	  	  	  	  	  

D.	  55000	  cm	  
	  
	  ______	  	  10.	  The	  number	  of	  seconds	  in	  a	  forty-‐hour	  workweek	  
can	  be	  	   calculated	  as	  follows.	  	  

a.	   1 min 1 h60 s     =
60 s  60 min

× × 	   c.	   60 min 60 s40 h      =
1 h 1 min

× × 	  

b.	   1 min 40 h1 s     =
60 s 60 min

× × 	   d.	   60 min 60 s40 h     =
40 h 60 min

× × 	  

 
 
  

9.	  
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Dimensional Analysis Retention Test 

Dimensional	  Analysis	  Retention	  Test	   	   Name__________________	  

 
Complete the following problems using the process of dimensional analysis.  Use the conversion factors given to 
complete the problem.    

A. Work the Dimensional analysis problem 
B. Place your letter answer in the ANS blank at the end of the problem. 

 
1. Find n       n  = 48       Ans: _______________ 
                     2     16 
 Work:  (Solve for n) 
  
A.  n = 4  B.  n = 6  C. n = 12 D. n = 8 
 
2.  Convert 15.5 meters to kilometers.  (1000 m = 1 km)   Ans: _______________ 
Work: 
 

15.5 m  km                    =   
 m   
 
A.  .0155 km B. 1.55 km C. 1550  D. 15500 
  
3.  Choose a conversion factor needed to solve the following problem  Ans: _________________ 
 256.4 g = ______________  mg  
 
      A.  1000 mg = 1 g   B. 10 mg = 1 L           C.  1000 mg = 1 Kg          D. 1 g = 10 cm 
 
 
4. How many grams are in a pound of lead?  ( 2.2 lbs = 1 kg, 1000 g = 1kg) Ans: ________________	  
Work:	  	  
	  	  

   =   
     
 
   A.   454.5 g  B. 2200 g C. 0.454 g D. 0.0022 g 
 
5.  To calculate the	  number	  of	  seconds	  in	  a	  20-‐hour	  workweek,	  the	  following	  	  	  	  	  	  Ans:	  	  _______________	  
dimensional	  analysis	  problem	  would	  be	  used:	  
	  	   	   A.	  	  

60 s 1 min    1 hr 
 60 s   60 min 

	  
	  	  B.	  	   	  	  

	  20 hrs. 60 min   60 sec. 
 1 hr   1 min 

	  
	  	  C.	  

1 s 1 min    20 hr 
 60 s   60 min 
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D.	  	   	  
20 hrs. 60 min   60 sec. 

 20 hr   60 min 
 
 
6.  How	  many	  milligrams	  are	  in	  5	  kg	  (1000	  mg	  =	  1	  g,	  1000	  g	  =	  1	  kg)	   	   Ans:	  ________________ 
Work:	  	  
	  	  

   =   
     
 
A. 50,000  B. 5000  C. 5000000 D. 50 
 
 
7.  Two	  heads	  of	  cabbage	  costs	  $1.20.	  If	  Rosario	  has	  30	  pesos,	  how	  many	   Ans:	  ________________	  
	  heads	  of	  cabbage	  can	  she	  buy?	  (25	  pesos	  =	  1	  dollar)	  
	  	  
Work:	  	   	  

                     =   
    
	  
	   A.	  1	  head	   	   	   B.	  2	  heads	  
	   C.	  3	  heads	   	   	   D.	  4	  heads	  
	  
	  
8.	  Anna’s recipe for apple fritters makes eighteen fritters and uses 1 cup of milk.   Ans: _______________ 
    How much milk will she need to make 6 fritters? 
Work:	  	   	  

                     =   
    
 
 A.  ½ cup B. 1/3 cup C. 1 cup  D. 2 cups 
 
 
9.  How many seconds are in 6 hours?      Ans: ________________ 
Work: 
	  

   =   
     
 
 A. 6 sec  B. 60,000 secs  C. 21,600 secs  D.  3,200 secs 
 
 
 
10.  Bill is trying to decide whether to run a 5-kilometer race.  How many miles is this?    Ans: __________ 
       ( 1 km =  0.621 mi) 
Work:	  	   	  

                     =   
    
 
 A.  .0621 mi  B. 0.31 mi  C. 9.66 mi  D. 20 miles 
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