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Abstract 

 This research explores misconceptions about metric conversion and the difficulties 

behind metric unit estimation.  It was believed that middle school students would be able to 

convert from a large to a small metric unit more accurately than converting from a small to a 

large metric unit.  Furthermore, it was also hypothesized that middle school students would be 

able to estimate units smaller than a meter more accurately than units of a meter or larger.  

During the study, students completed a ten-problem assessment containing conversion and 

estimation questions.  The assessment was generated by studying past New York state exams.  

After the assessment, students completed a six-question follow-up survey.  The results of the 

study indicated that students struggle with conversion questions regardless of the direction of the 

conversion.  Additional results revealed that students were more accurate when they converted 

linear distances versus volume and capacity; students could estimate units smaller than a meter 

more accurately than units of a meter or larger, and there was no significant difference in the 

accuracy of estimation based on grade level.  These results pose multiple implications for 

teachers.  Educators need to be prepared to spend equal amounts of time teaching different types 

of conversions and educators need to find more time to teach and practice estimation during 

everyday activities. 
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Introduction 

 This research explores misconceptions about metric conversion and the difficulties 

behind metric unit estimation.  Even though the United States has not adopted the metric system 

as its system of measurement, one uses the metric system throughout their life.  The metric 

system is used quite frequently throughout Mathematics and Science courses, in numerous jobs, 

and career paths.  The metric system can also be seen in local grocery stores.  Without 

knowledge of the metric system, tasks that should take minimal effort become a serious struggle. 

 I became interested in this topic because I felt that it is undervalued.  It is a topic that is 

taught during middle school and then appears in content throughout high school.  In my student 

teaching placement at Fredonia Central School in Fredonia, New York, I taught mathematics to 

5
th

 grade students.  When I entered my placement students were finishing their unit on 

measurement.  They had already been taught the metric system and they were preparing for their 

test.  While helping students review the metric system I found that students understood that in 

order to convert from one unit to another they must multiply or divide but they could not grasp 

how one would know which operation to perform.  Students also could not accurately estimate 

using metric units.  Multiple students told me that they would measure a pencil in meters and a 

football field in centimeters.  After questioning students on how they obtained their answers I 

was told ‘because that is how you do it’ or ‘I just know the answer.’  This led me to believe that 

students were simply guessing when converting or estimating.  The result of guessing is seen in 

test scores and that reflects a lack of understanding. 

 My study focused on finding common misconceptions and difficulties in metric 

conversion and estimation by administering an assessment followed by a survey. 
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It is hypothesized that middle school students will express difficulty with the metric 

system.  It is also hypothesized that middle school students will be able to convert from a 

large to a small metric unit more accurately than converting from a small to large metric 

unit.  Furthermore, it is also hypothesized that middle school students will be able to 

estimate units smaller than a meter more accurately than units of a meter or larger. 

I tested this hypothesis by administering a ten-problem assessment to five middle school classes.  

The classes ranged from grade 5 to grade 7.  Students were given 20 minutes to complete the 

assessment.  The assessment tested students’ ability to perform metric conversions and metric 

estimation.  Following the assessment students were asked to complete a six-question survey.  

The survey asked students to explain their answers and give their opinions on metric conversion 

and unit estimation.  These results will shine a light on what is currently happening with the 

metric system and how students respond to it.  In order to find out what happened in the past and 

how the metric system came about some research had to be conducted. 

Literature Review 

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

metric system in an attempt to define a context for further research.  First, the historical 

perspective on the metric system was examined breaking it up into the history of the metric 

system and past conflicts and attitudes towards the metric system.  Next, assessments were 

studied including different standards and state tests.  Following assessments, research on 

textbook approaches was examined including how the metric system was taught and how it is 

currently taught.  After those topics, current research was investigated along with current 
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conflicts and attitudes towards the metric system.  Focus was then turned to the possibility of 

switching to the metric system.  Lastly, estimation misconceptions were studied in hope of 

finding some commonality between estimation misconceptions and metric estimation 

misconceptions.  Metric estimation, along with converting in the metric system are explored in 

the experiment that follows. 

Historical Perspective 

 History of the Metric System 

 The growth in popularity of the metric system, or the International Metric System (SI), 

has lead most countries to adopt this system, excluding the United States (Blomquist, 1993; 

Monroe & Nelson, 2000; Nelson 2002; Past metrication efforts in the United States, 1971; 

Pokorney, 2008).  Before 1795, most countries had their own measurement systems which were 

different depending on the country.  Great Britain had an “English System” of measurement 

which was understood and widely used in other countries.  With some changes, the United States 

adopted and used Great Britain’s system of measurement.  After beginning in Europe, Great 

Britain’s system of measurement expanded into South America.  The metric system began to 

grow, and thus resulted in the two systems of measurement: Metric and customary (Past 

metrication efforts in the United States, 1971). 

 During the French Revolution (1789-1799) there arose a need for a uniformed method of 

measurement (Blomquist, 1993; Monroe & Nelson, 2000).  According to Blomquist (1993) the 

“Earth itself was used as the standard, and the distance between the North Pole and the Equator 

was divided by ten million to arrive at the basic metric unit, the meter” (p. 440).  It was then that 

the United States considered switching to the metric system but chose to stay with their 
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customary units (Pokorney, 2008).  The French declared the metric system mandatory in 1840 

and the United States responded later in 1866 by declaring the metric system legal, but not 

mandatory (Monroe & Nelson, 2000).  By 1896, the United States was ready to adopt the metric 

system when its largest trading partner, Great Britain, reminded the United States that Britain 

was not using the metric system (Monroe & Nelson, 2000).  For the next six years the topic of 

converting to the metric system was popular and ongoing in the United States.  However, by 

1907, the topic of the metric system was “considered dead” (Past Metrication Efforts in the 

United States, 1971, p. 295). 

 Fifty years later, after the Soviets launched Sputnik, the United States space program 

encouraged the use of the metric system (Past Metrication Efforts in the United States, 1971).  It 

was at this time that the United States Army began to use the metric system for their weaponry 

and equipment (Past Metrication Efforts in the United States, 1971).  In 1975, the United States 

Metric Conversion Act passed and a 10-year schedule was put into place to have the United 

States convert to the metric system.  “Members of congress predicted that since world trade was 

becoming increasingly metric, the United States would need to change to stay competitive” 

(Monroe & Nelson, 2000, p. 22).  Many people opposed the act and some businesses ignored it. 

 As much as people agreed the United States needed to change to the metric system, many 

people opposed and refused the change.  This back and forth effort of converting the United 

States to the metric system continued throughout many years.  In 1991, Executive Order 12770 

was passed and all federal agencies were to be converted to the metric system (Monroe & 

Nelson, 2000).  Then in 1996, it was decided that all highway construction was to be completed 

using the metric system.  However, in 1998, the Transportation Equity Act for the 21
st
 Century 

cancelled all highway construction that was using the metric system.  After many years of 
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contemplating whether or not to switch to the metric system, today the United States, along with 

several other countries, still has not converted to the metric system (Blomquist, 1993; Monroe & 

Nelson, 2000). 

 Past Conflict/Attitudes on the Metric System 

 With so many people pushing for the United States to go metric one might wonder why 

the United States still has not converted.  According to Shrigley (1982) “cost is often cited as the 

major obstacle to metric conversion, but history suggests that attitudinal resistance of the 

American people may have been its major deterrent” (p. 311).  On the other hand, Stans (1971) 

believes that the reason why the United States did not switch was because most of its trading 

partners were also not using the metric system.  Now that the United States’ trading partners 

have gone metric there should be no further obstacles in switching over. However, Shrigley 

(1982) also states that due to the attitudes of the American people, “we should not be surprised 

by, but expect, a resistance to metrication” (p. 312). 

While many people have fought against the switch to the metric system, 76% of 

manufacturers believe that it is in the best interest of the country to switch.  Manufacturers also 

believe that early priority should be given to educating American school children and the public 

(Pokorney, 1973; Stans, 1971).  Shrigley (1982) gives us the following seven reasons why 

mathematics educators support metric measurement: 

1) it is consistent with our monetary system; 2) the conversion of units is easier into 

metric than English; 3) it is easier to teach and easier to learn than English 

measurement; there is less need for common fractions; 4) most nations use metric 

measurement; scientists have used it for decades; 5) American industry has begun to 

use it; 6) metric measurement will facilitate world trade and communication; and 7) 

American children will need it as adults; educational agencies are mandating it (p. 

311). 
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Many people argue that the change from the United States system to the metric system 

will be too difficult for most people.  Pokorney (1973) argues that if NASA can create a 

successful training program for the metric system, then a similar simplified version can be used 

to train the public.  “The question they [U.S. Congress] ask is how and when America will 

choose to make the change” (Stans, 1971, p. 298).  In order to make a successful change, the 

metric system must be taught in schools so that each student graduates with the knowledge of the 

metric system that they need. 

Textbook Approaches 

 How the Metric System Was Taught 

 Even though the United States has not made the change to a metric nation, the metric 

system is still taught in schools.  Teachers who have been successful at educating students in the 

metric system have used a variety of ways to help foster learning.  Some use a hands-on 

approach (Blomquist, 1993; Sherman, 1997), while others prefer training or a calculation 

approach (Adams, 1976; Bilbo, 1978). 

 Using the hands-on approach, Sherman (1997) found that when students constructed their 

own meter tapes to visualize units before estimating and measuring they would discover the 

base-10 relationships that were key items to learning the metric system.  The author also found 

that when students constructed a cubic model they were able to clearly see three dimensions and 

how volume was measured.  Lastly, she found that when students constructed and measured 

using their own tools they were able to grasp metric concepts more clearly.  In another study that 

used a hands-on approach, Blomquist (1993) had students create a one, two, and three 

dimensional blocks that they used to perform calculations on.  Using these models they 
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progressed from perimeter, into area, and then onto volume.  This hands-on approach lead 

students into a self-discovery of the basic concepts of the metric system. 

 While some used a hands-on approach, other teachers found different ways to teach the 

metric system to their students.  According to Adams (1976), many teachers used devices such as 

training aids that were either commercially developed or teacher created to assist both students 

and teachers in learning about the metric system.  Besides using training aids, Bilbo (1978) 

stated that “a common approach for teaching the metric system is to first teach linear 

measurement, then area, and finally, volume” (p. 53).  The author taught metric concepts such as 

volume, and then had students perform calculations and practice estimating.  He found that this 

was a successful way of improving a student’s ability to work with problems involving metric 

calculations.  These methods may have been successful for the past, however, they may not have 

the same effects on the students of today.   

 How the Metric System is Currently Taught 

 Throughout the years teaching styles change in order to meet new curriculum and student 

needs.  Over the years the metric system has not changed nor the United States’ position on the 

metric system.  However, the way the metric system is currently taught has changed.  Many 

educators teach the metric system by the use of metric estimation through self-discovery (Allen 

& Rashotte, 2006; Jones, Taylor, & Broadwell, 2009; Parrot, 2005; Sterling, 2006).   

Two of the many people who believe in using an estimation approach are Allen and 

Rashotte (2006).  Allen and Rashotte teach metric estimation by using a three-step procedure that 

consists of the following: students first learn how to estimate distance (through examples or 

video presentations), the students then are trained in estimating distances, and finally the students 

estimate distances outside from a stationary point.  While Allen and Rashotte worked with 
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estimating large distances, Jones, Taylor, and Broadwell (2009) worked with estimating smaller 

distances.  The authors found that when estimating smaller distances, students could grasp the 

concept easier when they had a representation of each metric measurement.  For example, a 

“finger width for centimeter, nail tip for millimeter, and a pace for a meter” (Jones, Taylor, & 

Broadwell, 2009, p. 1500).  These representations were known as a body ruler.  When students 

were taught this ‘body ruler’ they were able to more accurately estimate metric units. 

Having the ability to associate a familiar object with a metric unit has proved to be an 

essential part of a student’s success with the metric system.  Sterling (2006) found similar 

positive results when working with the metric system and incorporating objects familiar to the 

students.  The author had students bring in objects that were one meter, one gram, and one liter.  

As the students learned what each new metric measurement was they were able to associate a 

familiar object to connect to the new unit. 

 For some students, being introduced to the unfamiliarity of the metric system is one of 

the hardest things to understand.  Students wonder why they should measure in this new way 

instead of their current way.  Parrot (2005) tends to ease this transition by taking students to a 

whole new level of measurement.  “I ask him or her, ‘which measure best describes the height of 

a person who is 6 feet tall: 1 league, 1 fathom, 1 rod, or 1 furlong’” (p. 53)?  Once students get 

over the initial shock of the new measurement system, Parrot leads them on a discovery of how 

early humans used to measure.  After this students become aware that the same unit could mean 

different things.  According to Parrot, “a ton can be an ambiguous term, but there is little 

ambiguity in kilometer and other metric units” (p. 53).  The more students become familiar and 

exposed to the metric system, the more comfortable they will feel with using it.  In an issue of 

Scholastic Math magazine Silbert (2009) included a question about metric units.  This exposure 
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is a small step in introducing students to the metric system without making them feel 

overwhelmed by it.  The question that most people ask is how much exposure should the 

students get to the metric system and how old should the students be? 

Assessments 

 Standards 

 Since the metric system is being taught in schools one might wonder at what grade level 

it should be taught.  New York State follows a number of guidelines that lays out what material 

should be taught at specific grade levels (National Council of Teachers of Mathematics, 2012; 

National Governors Association Center for Best Practices, Council of Chief State School 

Officers, 2010; New York State Board of Regents, 2005).  According to the National Council of 

Teachers of Mathematics (2012) students in grades 3-5 should be able to do the following (see 

Figure 1): 

• Understand the need for measuring with standards units and become familiar with 

standard units in the customary and metric systems 

• Carry out simple unit conversions 

• Understand that measurements are approximations and how differences in units affect 

precision 

• Select and use benchmarks to estimate measurements (p. 1).  

Grade NCTM Standard 

3-5 Understand the need for measuring and become 

familiar with customary and metric units 

3-5 Carry out unit conversions 

3-5 Understand that measurements are approximations 

and how differences in units affect precision 

3-5 Select and use benchmarks to estimate 

measurements 

 

The National Council of Teachers of Mathematics (NCTM) gives a version of what is 

expected in grades 3-5 as a whole section, but does not state what is expected at each individual 

Figure 1. NCTM Standards. 
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grade level.  The New York State Board of Regents (2005) writes specific standards at each 

grade level so one can see what is expected throughout each grade (see Figure 2).   

In grade 4 it is expected that students are able to do the following: 

 • Select tools and units (customary and metric) appropriate for the length being measured 

 • Use a ruler to measure to the nearest standard unit 

• Select tools and units appropriate to the mass of the object being measured (grams and 

kilograms) 

 • Measure mass, using grams 

 • Select tools and units appropriate to the capacity being measured (milliliters and liters) 

 • Measure capacity, using milliliters and liters (p. 49) 

 

Grade 5 students should be able to do the following: 

 • Measure to the nearest centimeter 

 • Identify equivalent metric units of length 

 • Convert measurement within a given system 

 • Determine personal references for metric units of length (p. 58-59) 

 

In grade 6 students will be able to do the following: 

 • Identify metric units of capacity (liter and milliliter) 

 • Identify equivalent metric units of capacity (milliliter to liter, liter to milliliter) (p. 68) 

 

Lastly, in grade 7 it is expected that students are able to do the following: 

 • Identify customary and metric units of mass (p. 77)  

Grade NYS Board of Regents Standard 

4 Select tools and units (customary and metric) appropriate for the length being 

measured 

4 Use a ruler to measure to the nearest standard unit 

4 Select metric tools and units appropriate for the mass being measured 

4 Measure mass using grams 

4 Select metric tools and units appropriate to the capacity being measured 

4 Measure capacity using milliliters and liters 

5 Measure to the nearest centimeter 

5 Identify equivalent metric units of length 

5 Convert measurement within a given system 

5 Determine personal references for metric units of length 
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6 Identify metric units of capacity 

6 Identify equivalent metric units of capacity 

7 Identify customary and metric units of mass 

 

 

 The newly adopted Common Core State Standards also developed individual standards 

for each grade level (see Figure 3).  According to the National Governors Association Center for 

Best Practices, Council of Chief State School Officers (2010) in grade 4 it is expected that 

students “know relative sizes of measurement units within one system of units including km, m, 

cm” (p. 31).  At the grade 5 level students should be able to “convert among different-sized 

standard measurement units within a given measurement system” (e.g., convert 5 cm to .05 m) 

(p. 37).  Students should also be able to “measure volumes by counting unit cubes, using cubic 

cm, cubic in, cubic ft, and improvised units” (p. 37). 

 These standards were designed so that each teacher knows what is expected to be taught 

throughout the school year.  These standards also allow students to know what knowledge is 

expected to be gained by the end of the school year.  Lastly, these standards give a baseline of 

what could be potentially asked for students to perform on local and statewide exams. 

 Grade Common Core State Standard 

4 Know relative sizes of measurement units 

within one system of units including metric 

units 

5 Convert among different sized standard 

measurement units within a given 

measurement system 

5 Measure volumes by counting unit cubes, 

using cubic cm, cubic in, cubic ft, and 

improvised units 

 

 

Figure 2. NYS Board of Regents Standards. 

Figure 3. Common Core Standards. 
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 Tests 

 The standards mentioned above serve as a 

guideline to teachers so that they can prepare 

students for their yearly New York State exams.  

New York State creates exams every year to test 

student knowledge on certain subjects.  From 2006-

2010 there have only been two questions regarding 

metric conversion on the New York State 5
th

 grade 

Mathematic Exams (New York State Board of 

Regents, March 2007/March 2009).  Both problems 

involved converting from kilometers to meters (see 

Figure 4).  Figure 4 tested students’ ability to 

convert from a large unit to a smaller unit.  

Converting from a small unit to a larger unit was 

not tested.  Similarly, both problems were given in 

Book 1 and both were multiple-choice questions 

(New York State Board of Regents, March 

2007/March 2009).  

The road sign below shows the distance 

to Crystal Falls. 

 

 

 

How many meters is it to Crystal Falls? 

A 12 

B 120 

C 1,200 

D 12,000 

Crystal Falls 

12 kilometers 

1 kilometer = 1,000 

meters 

Figure 4. # 7 Grade 5 May 2007 Exam. 

Jose fills his fish tank with water.  The 

tank holds 250 liters of water.  How 

many milliliters does the tank hold? 

 

 

A 25 

B 2,500 

C 25,000 

D 250,000 

Figure 5. #13- Grade 6 May 2010 Exam. 

1 liter = 1,000 milliliters 

Roberto has a container with 4,200 

milliliters of water.  How many liters 

of water are in Roberto’s container? 

 

 

A 0.042 

B 0.42 

C 4.2 

D 42 

Figure 6. #18- Grade 6 March 2009 Exam 

 

1 liter = 1,000 milliliters 
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 From 2006-2010 there have been five 

problems regarding metric conversion on the New York State 6
th

 grade Mathematic Exams (New 

York State Board of Regents, March 2006/ March 2007/ March 2008/March 2009/March 2010).  

Metric conversion problems were asked every year from 2006-2010.  All five problems were 

found in Book I and they were multiple choice questions.  Two problems involved converting 

from liters to milliliters (see Figure 5), two problems involved converting from milliliters to 

liters (see Figure 6), and one problem, as shown in Figure 7, involved two conversions from 

liters to milliliters (New York State Board of Regents, March 2006/March 2007/March 2008/ 

March 2009/ March 2010). 

 From 2006-2010 there have been seven 

problems regarding metric conversion on the New 

York State 7
th

 grade Mathematic Exams (New 

York State Board of Regents, March 2006/March 

2007/March 2008/ March 2009/ March 2010).  All 

seven problems were in Book I and all of them 

were multiple choice problems.  As shown in 

Tyler has a container with 2.95 liters of 

laundry detergent.  How many milliliters of 

detergent are in the container? 

 

A 0.295 

B 29.5 

C 295 

D 2,950 

Figure 8. #6- Grade 7 March 2006 Exam. 

1 liter = 1,000 milliliters 

Otto is measuring water for an experiment.  

He fills two different containers: a 2-liter 

container and a half-liter container.  He uses 

each container only once.  How many 

milliliters of water does Otto measure for his 

experiment? 

 

A 0.295 

B 29.5 

C 295 

D 2,950 

Figure 7. #10- Grade 6 March 2008 Exam. 

1 liter = 1,000 milliliters 

What is 6,200 milliliters converted to 

liters? 

 

 

A 62 

B 6.2 

C 620 

D 0.62 

Figure 9. #2- Grade 7 March 2008 Exam. 

1 liter = 1,000 milliliters 
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Which measure is equivalent to 1.5 

kilograms? 

 

 

A 15 grams 

B 150 grams 

C 1,500 grams 

D 15,000 grams 

1 kilogram = 1,000 grams 

Figure 10. #1- Grade 7 May 2010 Exam. 

Which unit of measure is a metric unit 

for mass? 

 

A centimeters 

B meters 

C kilometers 

D grams 

Figure 11. #20- Grade 7 March 2006 Exam. 

Figure 8, two of the problems involved converting from liters to milliliters.  The remaining 

problems involved converting from milliliters to liters (see Figure 9), converting from kilograms 

to grams (see Figure 10), and as shown in Figure 11, one problem asked students what would be 

used to measure mass (New York State Board of Regents, March 2006/ March 2007/March 

2008/March 2009/March 2010). 

 Notice in every problem, regardless of grade level, there was a scale provided to assist 

students in their conversion.  Another similarity in the exams was that in grade 5 and grade 6 a 

certain conversion was repeated each year.  For 

example: In grade 5 the problems dealt with meters 

and kilometers, while in grade 6 the problems 

discussed liters and milliliters.  In grade 7, the 

problems changed slightly from year to year.  For 

example:  From 2006-2008 the problems discussed 

liters and milliliters, while from 2009-2010 the 

problems dealt with grams and kilograms (New 

York State Board of Regents, March 2006/ March 

2007/ March 2008/ March 2009/March 2010). 

 Using the New York State Standards and 

Mathematical Exams teachers can be aware of what 

content is expected to be taught.  Teachers can also 

use these materials to help prepare their students for upcoming exams.  Learning the 

mathematical content is critical to student success in the mathematic course and on the state 

exams. 
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Current Research 

 Current Conflict/Attitudes on the Metric System 

 Current research shows that the attitudes of the people have not changed much 

throughout the years.  There is still conflict between the reasons why the United States should 

switch to the metric system (Blomquist, 1993; Davis & Novack, 2012; Monroe & Nelson, 2000) 

and reasons why the United States should not switch to the metric system (Tenner, 2005).  Many 

careers and businesses in the United States already use the metric system (Blomquist, 1993; 

Monroe & Nelson, 2000).  If one chooses a career in pharmacy, medical, ecological, 

environmental studies, physical sciences, or chemistry, chances are one will be working with the 

metric system (Blomquist, 1993). 

 With most of the world already using the metric system, the United States should switch 

in order to still be competitive (Monroe & Nelson, 2000).  Monroe and Nelson also stated that 

“converting to the metric system would open the door for new markets” and “eventually it’s [the 

United States] exports may not be accepted by other countries” (p. 22). With the United States 

using one form of measurement, and the rest of the world using another, it is highly likely that an 

error will occur.  Along with error, there can be confusion involved with using two different 

systems interchangeably. 

 Confusion between the two systems is a reason why the United States should change to 

one uniform system.  From a business perspective, Davis and Novack (2012) found that 

“something as simple as determining warehouse size (square feet vs. square meters) can cause 

confusion” (p. 12).  In an international business there are presentations that are given to multiple 

countries: “If you are doing a presentation for visitors from the United States in Europe or 

visitors from Brazil in the United States, think about whether they will understand the metrics 
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you present” (p. 12).  Confusion in a presentation can be embarrassing, but confusion on a larger 

scale can be detrimental.  According to Monroe and Nelson (2000) 

On November 10, 1999, NASA reported the following: “The root cause” of the loss of 

the spacecraft was the failed translation of English units into metric units in a segment of 

ground-based, navigation-related mission software,” said Arthur Stephenson, chairman of 

the Mars Climate Orbiter Mission Failure Investigation Board (p. 20). 

 

 Many reasons have been presented in favor of switching to the metric system.  However, 

opponents still question why should we change?  People do not feel that the reason the United 

States should have to switch to the metric system is because other countries have (Monroe & 

Nelson, 2000).  Tenner (2005) states that “no single system of measurement is ideal for all users” 

and that “what is being measured dictates the appeal of the system used to measure it” (p. 73).  

Over five decades ago the argument of switching to the metric system became a large debate, 

and still today the debate continues. 

 Are We Switching to the Metric System? 

 Throughout history patterns emerge.  Through these patterns a common theme arises and 

one can begin to make predictions about the future.  The question that is asked today is the same 

question that was asked many years ago; are we switching to the metric system?  History has 

shown us that many years ago the debate began and it never concluded.  The debate settled for a 

while and then it rose up again.  Currently, the United States seems to be repeating itself.  The 

debate about switching to the metric system is back where it was many years ago.  There are 

times when it appears that the United States was going to switch: “The only thing I know for sure 

about the future is that any day now we are going metric and we have to be prepared” (Whitaker, 

2005, p. 35).  Then there are times that it appears that the United States is not going to switch: 

“The revolution may not be quite so near after all” (Whitaker, 2005, p. 37).  If one has learned 
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anything throughout the years it is that whether we switch measurement systems or not, the 

metric system will be a part of one’s life and it is essential that it is learned. 

Estimation Difficulties and Misconceptions 

 Another skill that is involved with measurement is estimation.  Not only is estimation a 

skill that students struggle with, many teachers have difficulties with it too.  How does one know 

the difference between an estimation and a guess?  According to Colmer (2006), “estimation is 

more than just a guess; in fact, guessing is only the very first step toward making an estimate” (p. 

30).  Colmer proceeds to define estimation as “an informed, practiced and rationalized judgment 

about ‘how much,’ ‘how long,’ or ‘how many’ we make based on our prior experience with 

tangible concepts” (p. 30). 

 In order to become successful at estimation students must practice estimation and use 

their prior experiences (Colmer, 2006; Lindsay & Scott, 2005).  Colmer (2006) believes that 

teachers should use every day experiences for examples and “try to avoid the kinds of estimation 

activities where we ask students to make an estimate and then follow this [the estimation] by 

asking students to measure exactly [what they were estimating] then ask how close they were” 

(p. 31).  Estimation should be practical, “if it is not, students will continue to estimate for the sole 

purpose of being ‘correct;’ a concept that students will more often than not measure against our 

own estimations” (p. 32). 

Some of the difficulty that students have with estimation stems from their misconceptions 

about what estimation is.  Students believe that there is only one right answer when estimating.  

In fact, “many students view estimation as a difficult technique where their success is measured 

by how close their own estimation is to the teacher’s estimation” (Colmer, 2006, p. 29).  This 

view leads students to believe that their estimations are wrong because they did not estimate 
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exactly what someone else did.  Colmer (2006) believes “an estimate is never wrong” (p. 31).  

Students should continuously practice estimation because “every student gains experience from 

every estimation that is made” (p. 31). 

As students practice estimation they will begin to build experience and learn how to 

overcome estimation misconceptions and difficulties.  To be sure that each student possesses an 

understanding of estimation, teachers must be aware of the misconceptions and difficulties 

behind estimation.  If teachers were aware of these difficulties, then estimation could be taught 

so that students would not get caught up in the misconceptions.  A more detailed explanation of 

the implementation of a model that will uncover the misconceptions and difficulties behind 

metric conversion and estimation is offered in the following section. 

 

Experimental Design 

This experiment was designed to test the hypothesis that middle school students will 

experience difficulty with the metric system.  It also tested if middle school students were able to 

convert from a large to a small metric unit more accurately than converting from a small to a 

large metric unit.  Lastly, the experiment tested if middle school students were able to estimate 

metric units smaller than a meter more accurately than units of a meter or larger.   

During the experiment students were asked 

to complete a ten-problem assessment to the 

best of their ability.  Students were given 

twenty minutes to complete the assessment.  

After the assessment was completed 

Grade Level Number of Students 

Grade 5 70 

Grade 6 86 

Grade 7 87 

Figure 12. Participants by Grade. 
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students were asked to complete a six question opinion survey. 

Participants 

 This study was conducted at rural school in New York.  The village is located in North 

East of the United States, and has a population of approximately 1,000 people.   

Its neighboring town has approximately  

1,136 people.  The school has an overall 

student population of approximately 1,002 

students.  In the middle school, which 

consists of grades 5-8, there are 

approximately 315 students (see Figure  

12).  Out of these 315 students, 11% are 

eligible for a reduced lunch and 27% 

receive a free lunch.  The racial/ethnic origins of the students are broken up in the following 

(these numbers are based on grades 6-8): 95% are white, 2% are Black or African American, 2% 

are Native American or Alaska Native, and 1% is Hispanic or Latino (see Figure 13). 

 The participants of this study consisted of 135 students.  Out of these 135 students 72 

were male and 63 were female.  There were 59 grade 5 students, 46 grade 6 students, and 30 

grade 7 students.  These students all had math class once a day for 40 minutes. 

Design 

 This experiment was conducted in one class session during the third quarter of the 2012-

2013 school year.  The administration of the experiment lasted three days.  Students were given 

Racial/Ethnic Origin Number of Students 

White 233 

Black or African 

American 

6 

Native American or 

Alaska Native 

4 

Latino or Hispanic 2 

Figure 13. Middle School Students Racial/Ethnic Origin. 
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twenty minutes to complete the ten-problem assessment.  Students were instructed to do their 

best and show their work.  The exact copy of the assessment is given below (see Figure 13A). 

Directions: Read and answer the following questions.  SHOW YOUR WORK! 

1) Lexi hiked a 13 kilometer trail at Allegany State Park.  How many meters did Lexi hike? 

2) Becky rode her bike for 255 meters.  How many kilometers did Becky ride her bike? 

3) What is 6,200 milligrams converted to grams? 

4) Which one of the following statements is true? 

a. 1.5 kiloliters = 150 liters 

b. 3 meters = 3,000 centimeters 

c. 16 cups = 2 gallons 

d. 4 millimeters = .004 meters 

5) Rob measured a leaf to be 42 millimeters long.  How many meters is Rob’s leaf? 

6) Cali made 1.5 liters of juice and then drank 450 milliliters of it.  How much juice is left? 

Directions: Read and answer the following questions.  Choose the 

correct answer from the word bank.  You may use words more 

than once if necessary. 

7) What is the appropriate unit of measurement that you 

would use to measure how long a pen is? 

_____________________ 

8) Mike wants to know how far it is from Cattaraugus to 

Little Valley.  What unit of measurement would be 

appropriate for calculating that distance? 

_____________________ 

9) A football field is approximately 91 

____________________ long. 

10) Amy’s fingernail is approximately 8 

____________________ long. 

Figure 13A. Assessment Problems. 

Each problem in the assessment was created with a purpose.  The problems were created 

after searching through old New York State Exams.  There were common problems that 

appeared on multiple exams throughout the years and these problems helped influence the 

assessment that was given.  The assessment was broken up into two parts.  The first part 

involved six metric conversion problems.  The second part consisted of metric unit estimation 

(see Figure 14).   

Word Bank 

Millimeter 

Anthometer 

Centimeter 

Meter 

Frodometer 

Kilometer 
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Three problems in the first part were 

created so that students would convert using linear 

distances.  Some of the linear distances problems 

involved converting from a small to a large unit, 

while others worked with converting from a large 

to a small metric unit. 

The other three problems in the first part 

were created so that students would convert 

using volume and capacity.  Some of the volume 

and capacity problems involved converting from a small to a large unit, while others worked 

with converting from a large to a small metric unit. 

The second part of the assessment consisted of four problems that involved metric 

estimation.  Two of the problems involve estimation of lengths shorter than a meter.  Of the two 

problems one had millimeter estimation and one had centimeter estimation.  The other two 

problems addressed estimation that was a meter or larger.  These two problems were broken up 

into a problem involving kilometer estimation and the other problem included meter estimation. 

Once the assessment was completed the students were asked to complete a six question 

opinion survey.  The students were instructed to answer the questions honestly since it was an 

opinion survey.  The exact copy of the survey is given below (see Figure 13B). 

 

 

Justification of 

Question 

Assessment 

Question Number 

Small → Large 

Conversion 

2, 3, 5 

Linear Distance 

Conversions 

1, 2, 5 

Volume/Capacity 

Conversions 

3, 4, 6 

Large → Small 

Conversion 

1, 4, 6 

Estimation Smaller 

Than a Meter 

7, 10 

Estimation of a 

Meter or Larger 

8, 9 

Figure 14. Justification of Assessment Questions. 
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1) How do you convert from one metric unit to another?  Do you have any tricks? 

2) Are some units of measurement harder to convert than others? 

a. Millimeters 

b. Meters 

c. Centimeters 

d. Millimeters 

e. I don’t think any of them are more difficult to convert than the others. 

f. I have a different opinion.  Please explain:  

3) Do you think it is easier to convert from a large unit to a smaller one or is it easier to convert from 

a small unit to a larger one? 

a. Converting from large units into smaller units is easier.  Example: 16 kilometers is how 

many meters? 

b. Converting from small units into large units is easier.  Example: 250 millimeters is how 

many meters? 

c. I don’t think some units are easier to convert than others. 

d. I have a different opinion.  Please explain: 

4) Look at this question: A pen is approximately 16.5 _____________ (centimeters, millimeters, or 

meters) long.  How do you choose what unit of measurement goes in the blank? 

a. I guess what the answer is. 

b. I know approximately how big centimeters, millimeters, and meters are. 

c. I think of things that I know are a centimeter, millimeter, or meter and then I compare 

them to what the question is asking. 

d. I don’t do any of these.  Please explain what you do: 

________________________________________________________________________

___________________________________________________________. 

5) Is it easier to estimate large distances (from one town to another) or small distances (the length of 

a pen)?  Why? 

6) Do you find that one type of unit is easier to convert than another? 

a. Yes! Meters, Kilometers, Centimeters, and Millimeters are easier. 

b. Yes! Grams, Kilograms, Centigrams, and Milligrams are easier. 

c. Yes! Liters, Kiloliters, Centiliters, and Milliliters are easier. 

d. Yes! Feet, Inches, and Yards are easier. 

e. Yes certain ones are easier that are not listed above.  Please list them: 

________________________________________________________________________

___________________________________________________________. 

f. No I do not find one easier than another. 

g. I have a different opinion.  Please explain. 

________________________________________________________________________

___________________________________________________________. 

    Figure 13B. Survey Questions. 

The reason for the opinion survey was to find out what students were thinking while 

performing metric conversions and estimation.  Students showed their work in the assessment 
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which gave an insight to what they were thinking, but it did not show everything.  An opinion 

survey gave them a chance to express what they were thinking, their opinions, and the tricks they 

used. 

 

Methods of Data Analysis 

Data Collection 

 The data for this experiment were collected through the analysis of the assessment and 

survey described above.  The analysis of the first part (problems 1-6) of the assessment was 

conducted using the following part 1 rubric (see Figure 15): two points were given for each 

correct solution, one point for being partially correct, and zero points for an incorrect answer or 

no answer.   

Assessment 

Score Part 1  Part 2 

2 points Correct Solution   

1 point Partially Correct 1 point Correct Answer 

0 points Incorrect Solution 0 points Incorrect Answer 

The analysis of the second part (problems 7-10) of the assessment was conducted using the 

following part 2 rubric (see Figure 15): one point for each correct answer and zero points for 

each incorrect answer.  The results were then organized in tables using Excel to be used for 

analysis. 

Figure 15. Assessment Scoring Rubric. 
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 This study was mainly quantitative in nature.  Numerical scores were assigned based on 

the scale of 0-2 (see Figure 15) as described above.  Average scores were computed for each 

grade level and compared. Along with comparing average scores between grade levels, responses 

to the assessment questions were tallied and organized in tables for analysis.  Each grade level 

was tallied into their own table (see Figure 16).  These tables are important because each one 

shows what problems received incorrect, partially correct, or correct answers.  These tables are 

beneficial because it shows whether or not students struggled with a concept, understood it 

partially, or fully understood it.  These tables also show the differences between grade levels and 

whether or not students understood a certain concept. 

The answers to the survey questions were tallied based upon the answers given.  There 

was not a correct or incorrect answer so each answer was tallied in the correct category.  Each 

grade level had their own chart (see Figure 17).  To make sure that the surveys and assessments 

were correctly paired together each student received both the assessment and the survey stapled 

together. 

Grade 5 Part 1 Part 1 Part 1 Part 2 Part 2 

Score 0 1 2 Correct Incorrect 

Question 1      

Question 2      

Question 3      

Question 4      

Question 5      

Question 6      

Question 7      

Question 8      

Question 9      

Question 10      

Figure 16. Grade Level Assessment Response Table. 
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 Results from the assessment and survey were analyzed using descriptive and inferential 

statistics.  Since the assessment was quantitative in nature, it produced results that were 

compared to one another using numbers.  The descriptive statistics allowed for one to see the 

results and compare these different outcomes using alternative methods.  Results were compared 

using graphs and statistical means based on gender, class, grade, achievement level, difficulty of 

each question, conversion sizes, type of question, and lengths of estimations. 

 While the results from the assessment were analyzed using descriptive statistics, the 

results from the survey were analyzed using inferential statistics.  Since the survey was 

qualitative in nature, it produced results that were compared to one another based on the 

participants’ opinions.  The inferential statistics allowed for one to see each participant’s 

opinions and compare these opinions using alternative methods.  Results were compared using 

tables based on preference of tricks, difficulty of units, difficulty of the size of the conversion, 

how one estimates, the size of estimation, and the preference of the measurement system. 

Results 

Quantitative Results 

Grade 5           

Answer tricks no tricks a b c d e f large small 

Question 1           

Question 2           

Question 3           

Question 4           

Question 5           

Figure 17. Grade Level Survey Response Table. 
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 After analyzing the data from the assessment there were seven major results that were 

evident.  The results were the following: 

 A significant difference existed in the accuracy of problems answered regarding linear 

distances versus volume and capacity.   

 A significant difference existed in the accuracy of estimating smaller distances versus 

estimating larger distances. 

 No significant difference existed in the accuracy of responses to conversion problems 

from a small to large unit conversion versus from a large to small unit conversion. 

 Gender was not a factor in the accuracy of problem solutions. 

 Grade level was not a factor in the accuracy of estimating. 

 A significant difference existed in the accuracy of problems answered based on ability 

level. 

 A significant difference existed in the accuracy of problems answered based on the 

difficulty of the question asked. 

These results conclude that the hypothesis will be partially rejected.  Therefore, middle 

school students can estimate a unit of a meter or smaller more accurately than units larger than a 

meter.  However, we cannot conclude that converting from a larger unit to a smaller unit or 

converting from a smaller unit to a larger unit had any difference on accuracy.  An analysis of 

variance (ANOVA) was performed to determine the significance of the treatment at the 0.05 

level with regard to the following results: 

 A significant difference existed in the accuracy of problems answered regarding 

linear distances versus volume and capacity.  When students answered a 



Misconceptions of Metric Conversion and Difficulties Behind Metric Unit Estimation Page 30 

 

problems based on converting linear distance results were significantly higher 

than when students answered a problem based on converting volume or capacity.  

(p-value       ; linear distances mean score       ; volume/capacity mean 

score        ) 

 

 A significant difference existed in the accuracy of estimating smaller distances 

versus estimating larger distances.  When students answered a problems based 

on estimating distances smaller than a meter results were significantly higher than 

when students answered a problem based on estimating distances of a meter or 

larger.  (p-value       ; smaller than a meter mean score       ; meter or 

larger mean score      ) 

 

 No significant difference existed in the accuracy of responses to conversion 

problems from a small to large unit conversion versus from a large to small unit 

conversion.  When students answered a problem based on converting distances 

from a smaller unit to a larger unit, results were not significantly higher than 

when students converted from a larger unit to a smaller unit.  (p-value       ; 

smaller to a large mean score      ; larger to a small mean score      )  

 

 Gender was not a factor in the accuracy of problem solutions.  Neither females 

nor males answered more questions correctly.  Results showed that both genders 

were relatively the same in accuracy.  (p-value       ) 
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 Grade level was not a factor in the accuracy of estimating.  Each of the three 

grade levels was relatively similar when estimating.  Results showed that 5
th

, 6
th

, 

and 7
th

 grade students showed little difference in estimation accuracy.  (p-value 

      ; grade 5                                       ; grade 6 

                                       ; grade 7              

                        ) 

 

 A significant difference existed in the accuracy of problems answered based on 

ability level.  Students were categorized by their teachers based upon three 

different ability levels (high, middle, and low).  Results showed that students who 

had high ability scored significantly higher than students with medium or low 

ability.  Results also showed that students with medium ability scored 

significantly higher than students with low ability.  (p-value      ; high ability 

mean score        ; medium ability mean score       ; low ability mean 

score       ) 

 

 A significant difference existed in the accuracy of problems answered based on 

the difficulty of the question asked.  Students were asked to answer different 

types of metric conversion and estimation problems.  Results showed that the 

accuracy of a certain types of problems were significantly higher than the 

accuracy of other types of problems.  (problem 1 mean score        ; problem 

2 mean score         problem 3 mean score          problem 4 mean score 

         problem 5 mean score        ; problem 6 mean score       ; 
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problem 7 mean score        ; problem 8 mean score        ; problem 9 

mean score        ; problem 10 mean score        ) 

 

Result 1: A significant difference existed in the accuracy of problems answered regarding 

linear distances versus volume and capacity.   

 After analyzing different types of conversion questions asked, it was determined that 

there was a difference between questions that were based on converting linear differences and 

questions that were based on converting volume or capacity.  When students answered a question 

based on converting linear distances, results were significantly higher than when students 

answered a question based on converting volume or capacity.  The mean value for questions that 

involved linear distances was        (out of 2) and the mean value for questions that involved 

volume and capacity was        (out of 2).

Figure 18. Results of Linear or Volume/Capacity Conversion. 
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Figure 18 shows the number of problems that scored a 0, 1, or 2 points on problems involving 

linear conversions or volume and capacity conversion.  The resulting p-value of the ANOVA test 

(p-value =     ) indicates that the accuracy of different types of metric conversions answered 

were significantly higher when the questions involve linear distances. 

  

Result 2: A significant difference existed in the accuracy of estimating smaller distances 

versus estimating larger distances. 

 Upon analysis of the estimation problems asked, it was determined that there was a 

difference between problems that were based on estimating distances smaller than a meter and 

problems that were asked based on estimating distances of a meter or larger.   

Figure 19 shows the percent of students who scored a 0, 1, or 2 points on the estimation 

problems.  Specifically, this figure shows what students scored on estimation problems that were 

Figure 19. Results Based on Estimating Small or Large Distances. 
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smaller than a meter (questions 7 and 10) and what students earned on estimation problems that 

were of a meter of larger (questions 8 and 9).  When students answered a problem based on 

estimating distances smaller than a meter, results were significantly higher than when students 

answered a problem based on estimating distances of a meter or larger.  The mean score for 

estimating distances smaller than a meter was       points and the mean score for estimating 

distances of a meter or larger was       points.  The resulting p-value of the ANOVA test (p-

value       ) indicates that the accuracy of metric estimation questions answered was 

significantly higher when the problem asked contained distances smaller than a meter. 

 

Result 3: No significant difference existed in the accuracy of responses to conversion 

problems from a small to large unit conversion versus from a large to small unit conversion. 

 Upon further analysis of the accuracy of the problems answered, there was no evidence 

that there is a signification difference between problems that involved converting from a small to 

a larger unit versus converting from a large to a smaller metric unit.  When students answered a 

problem that involved converting distances from a small unit to a larger unit, results were not 

significantly higher than when students converted from a large unit to a smaller unit.  When 

students converted from a small to a larger unit the average score was       points (out of 2).  
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When students converted from a large to a smaller unit the average score was       points (out 

of 2).  Figure 20 shows the number of students who received a 0, 1, or 2 points on problems that 

involved metric conversions.  More importantly, this figure shows the scores that students 

received when they converted from a large unit to a smaller unit (large) or when they converted 

from a small unit to a larger unit (small).  The resulting p-value of the ANOVA test (p-value 

      ) indicates that the accuracy of estimation problems answered will not be significantly 

different when the conversions are from a small unit to a larger unit or from a large unit to a 

smaller unit. 

 

Result 4: Gender was not a factor in the accuracy of problem solutions. 

Figure 20. Results Concerning Size of Conversion. 

Chart of Score by Size of Units 

LargeSmaller SmallLarger 
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 Focus was also given to the results of the participants grouped by gender.  Upon analysis 

of the accuracy of responses it was determined that a substantial difference did not exist between 

males and females.  

Out of the 135 students, there were 63 females and 72 males.  Results showed that both genders 

had relatively the same accuracy.  Figure 21 shows the percentage of males and females who 

scored  0, 1, or 2 points.  The resulting p-value of the ANOVA test (p-value       ) indicates 

that the accuracy of questions answered was not any significantly different when a male or a 

female answered the problem. 

  

Result 5: Grade level was not a factor in the accuracy of estimating. 

 Another way that the results of the participants were grouped was by grade level.  After 

analyzing the accuracy of estimation, results showed that there was not a significant difference 

among grades 5, 6, or 7.  Out of the 135 participants, there were 59 grade 5 students, 46 grade 6 

Figure 21. Results Based on Gender. 

Chart of Score by Gender 
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students, and 30 grade 7 students.  Results showed that 5
th

, 6
th

, and 7
th

 grade students were 

relatively the same in estimation accuracy (see Figure 22A).  For students in grade 5, the average 

score for estimating distances smaller than a meter was       points and the average score for 

estimating distances of a meter or larger was         points.   Students in grade 6 produced an 

average score of        points when estimating distances smaller than a meter and they 

achieved an average score of        points when estimating distances of a meter of larger.   

Lastly, students in grade 7 had an average score of       points when they estimated distances 

smaller than a meter and an average score of       points when they estimated distances of a 

meter or larger. 

Grade Level Estimation Distance Mean Score (points out of 2) 

5 Smaller Than a Meter 1.750 

 Meter or Larger 1.6429 

6 Smaller Than a Meter 1.6889 

 Meter or Larger 1.3556 

7 Smaller Than a Meter 1.567 

 Meter or Larger 1.533 

 

There were four problems on the assessment that asked students to estimate distances.  Problems 

7 and 10 asked students to estimate distances smaller than a meter and problems 8 and 9 asked 

students to estimate distances of a meter or larger.  The resulting p-value of the ANOVA test (p-

Figure 22A. Estimation Results Based on Grade Level. 
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value       ) indicates that the accuracy of estimation problems answered was not 

significantly different whether a 5
th

, 6
th

, or 7
th

 grade student answered the problem. 

  

Result 6: A significant difference existed in the accuracy of questions answered based on 

ability level. 

 A third and final way that the results of the participants were grouped was by ability 

level.  Upon analysis of the accuracy of questions answered, it was determined that a substantial 

difference existed between students with different ability levels.  Students were categorized 

based upon three different ability levels (high, medium, or low).  Out of the 135 students, there 

were 35 high ability students, 65 medium ability students, and 33 low ability students (2 students 

did not have an ability level marked on their assessments).  Results showed that students with 

high ability scored significantly higher than students with medium or low ability.  Students with 

high ability achieved a mean score of        points (out of 2) and students with medium ability 

earned a mean score of        points (out of 2).   

Results also showed that students with medium ability scored significantly higher than 

students with low ability.  Students with medium ability produced a mean score of        points 

and students with low ability produced a mean score of        points.  The resulting p-value of 

the ANOVA test (p     ) indicates that the accuracy of estimation questions answered was 

significantly different when there were students of different ability levels.  Figure 23 shows the 

average score of students based on ability level.  High ability level students (H) are shown to 

score the highest, medium ability level students (M) scored near the overall mean, and low 

ability students (L) have the lowest score on the graph.  
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Result 7: A significant difference existed in the accuracy of problems answered based on the 

difficulty of the question asked. 

 The final result addresses the component of the difficulty of the problems that were 

asked.  After analyzing the accuracy of each problem, it was determined that there was a 

significant difference between the different types of problems.  Students were asked to answer 

different types of metric conversion and estimation problems.  Out of the 10 problems asked, 6 

of them were conversion problems and 4 of them were estimation problems.  Results showed that 

the accuracy of certain types of problems were significantly higher than the accuracy of other 

types of problems.  The mean score for each of the 10 problems is listed below along with the 

type of problem that was asked (see Figure 24).   

 

 

Figure 23. Results Based on Ability Level. 
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The results of the problems were tested at the     level and it was found that there was a 

significant difference between the problems.  Students did above average on problems 1, 7, 8, 9, 

and 10.  According to the results of the mean score on problem 7, it is considered to be the 

easiest.  Problem 7 is also significantly different from all of the other problems and students 

scored the best on it (       out of  ).  After problem 7, students did the best on problems 8, 9, 

and 10.  Results found that on average, students did better on every estimation problem than they 

did on any conversion problem.   

Out of all of the conversion problems asked, students did the best on problem 1.  Results 

indicated that students then began to struggle with problems 2, 3, and 5.  On all three of those 

problems students earned an average of below 1.  Out of all 10 problems, the most difficult 

Problem Mean Score (points) Type of Problem 

7 1.9065 Estimation 

8 1.6584 Estimation 

10 1.6429 Estimation 

9 1.5809 Estimation 

1 1.3582 Conversion 

5 1.0073 Conversion 

2 0.9918 Conversion 

3 0.9607 Conversion 

4 0.8522 Conversion 

6 0.0857 Conversion 

Figure 24. Mean Score for Each Question. 
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problems were numbers 4 and 6.  On problem 6, students scored close to an average of 0.  See 

Figure 25 below for the results of each question. 

  

 Administering an assessment that contains problems to solve gives one results that can be 

analyzed from the quantitative data.  This data is important and generates many conclusions.  

However, along with quantitative data, one seeks to have qualitative data as well.  This 

qualitative data will allow one to see what the participants were thinking and what the 

participants’ opinion is. 

 

Survey Results 

 Along with the assessment, which resulted in quantitative data, a survey was given to 

ensure that qualitative data were received.  Qualitative data allows for an understanding of the 

thought process and disposition of the participants who were assessed.  Once the participants are 

Figure 25. Results Based on Each Question. 
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further understood, the quantitative data can become more meaningful.  Results of the survey 

were as follows: 

 When converting most students do not use a trick to help them remember what to do. 

 Most students did not find one unit harder to convert than another. 

 When converting, most students find it easier to convert from a large unit to a smaller 

unit. 

 Most students can estimate accurately because they know how long each unit is. 

 When estimating, most students find it easier to estimate units smaller than a meter. 

 When working in units, most students prefer to work in inches, feet, and yards. 

 The first question in the survey asked students how they usually convert from one metric 

unit to another and if they had any tricks for converting.  There were no choices for this question 

so students could respond however they wanted to.  Figure 26 summarizes their responses.  

Twenty-one percent of the students stated that they have not tricks to help them solve conversion 

problems.  The rest of the responses showed a wide variety of strategies that students use.  

Fifteen percent of the students responded that they use the rule that when you go from a small 

unit to a larger unit you divide, and when you go from a large unit to a smaller unit you multiply. 

Response Frequency Percent 

No 29 21% 

Multiply 8 6% 

Break it up into Baby Steps 3 2% 

Use the Rule  

(Large to Small Multiply; Small to Large Divide) 

21 15% 
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Use the Staircase Model 5 4% 

Use the Saying King Henry Drinks Milk During 

Council Meetings 

9 7% 

Move the Decimal 10 7% 

Add or Subtract 3 2% 

Memorize Units 5 4% 

 

 Question 2 of the survey asked students if they consider some units of length to be harder 

to convert than others.  A list of options was given to the students and they were asked to circle 

any and all that applied.  They could choose from the following: Millimeters, meters, 

centimeters, or ‘I don’t think any of them are more difficult’ (see figure 27 for results).  Figure 

27 indicates that fifty percent of the students stated that they do not find one unit harder to 

convert than another, while another thirty percent said that millimeters were the most difficult to 

convert.  This shows that half of the students who were asked find that each unit is equally hard 

or equally easy to convert depending on how comfortable the student is with conversions. 

Response Frequency Percent 

Millimeters 41 30% 

Meters 29 21% 

Centimeters 13 9% 

None of Them are More Difficult 67 50% 

 

 The next question addressed student opinion on whether or not they thought it would be 

Figure 27. Student Response to Difficulty of Units. 

Figure 26. Student Responses to Conversion Tricks. 
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easier to convert from a large unit to a smaller unit or convert from a small unit to a larger one.  

Figure 28 represents the results of student preferences on conversion size.  Sixty-one percent of 

students stated that they believe converting in a certain direction makes it easier.  Thirty-six 

percent said that converting from a large unit into a smaller unit is easier, while another twenty-

five percent of students believe that converting from a small unit into a larger unit is easier.  

Even though students prefer to convert from one direction to another, the data discussed earlier 

showed that there is no significant difference between the two directions. 

Response Frequency Percent 

LargeSmall 48 36% 

SmallLarge 34 25% 

No Preference 39 29% 

 Students were then asked how they estimate.  They could circle any of the following 

choices: ‘I guess what the answer is’, ‘I know approximately how long each unit is’, or ‘I think 

of things that I know are a centimeter, millimeter, or meter long and then I compare them to what 

I’m estimating’.  Figure 29 summarizes the results.  Forty-three percent of the students claim to 

be able to estimate distances because they know how big each unit is.  An alarming eight percent 

of students responded that they guess what the answer is.  Lastly, forty-three percent of the 

students said they use prior knowledge by comparing objects that they know are a certain unit 

long to what they are trying to estimate.  

Response Frequency Percent 

Guess 12 8% 

Figure 28. Student Responses to Conversion Preference. 
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Know the Length 58 43% 

Compare Prior Knowledge 51 38% 

 

 The next question in the survey also addressed estimation.  It asked students if they 

thought it was easier to estimate distances smaller than a meter or distances of a meter of larger.  

The table in figure 30 below displays the results. The majority of students (69%) stated that it is 

easier to estimate a distance that is smaller than a meter.  This response coincides with the data 

from the results section that showed there was a significant difference between estimating small 

and large distances.  The data showed that accuracy was higher on estimation questions based on 

distances smaller than a meter and responses from the survey indicated that students believe 

estimation questions are easier when the distances are smaller than a meter. 

Response Frequency Percent 

Smaller than a Meter 93 69% 

Meter or Larger 21 16% 

No Preference 15 11% 

 

 The final question on the survey was about students’ top unit of measurement.  They had 

the following choices: Meters (Kilometers, Centimeters, and Millimeters), Grams (Kilograms, 

Centigrams, and Milligrams), Liters (Kiloliters, Centiliters, and Milliliters), or Feet, Inches, and 

Yards.  Figure 31 below summarizes the results.  More than half of the students (53%) stated that 

they prefer to work with feet, inches, and yards.  This is not surprising since the United States 

Figure 30. Student Responses to Preferences on Estimation. 

Figure 29. Responses to How Students Estimate. 
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uses feet, inches, and yards.  Interestingly, about one fifth (21%) of the students prefer to work 

with meters over the customary foot. 

Response Frequency Percent 

Meters 29 21% 

Grams 2 1% 

Liters 5 4% 

Feet, Inches, and Yards 71 53% 

No Preference 25 19% 

 

Implications for Teaching 

 The original hypothesis for this study indicated that middle school students would 

express difficulty with the metric system.  It was believed that middle school students would be 

able to convert from a large metric unit into a smaller unit more accurately than converting from 

a small metric unit into a larger unit.  Furthermore, it was also believed that middle school 

students would be able to estimate units smaller than a meter more accurately than units of a 

meter or larger. 

 The following implications for teaching parallel the principal results of the research that 

was discussed in the previous section: 

 Educators need to be prepared to spend equal amounts of time 

teaching different types of conversions. 

 Educators need to find more time to teach and practice estimation 

during everyday activities. 

Figure 31. Student Responses to Preferred Unit. 
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 Educators need to find ways to successfully teach conversions to low 

achieving students. 

 Educators need to be prepared to explain the reasoning behind 

learning both customary and metric units of measurement. 

 

Implication 1: Educators need to be prepared to spend equal amounts of time teaching 

different types of conversions. 

 Conversions are a topic that most teachers do not look forward to and it is a topic where a 

lot of students struggle.  When teaching conversions most people think of converting with 

kilometers, meters, centimeters, and millimeters.  However, there is a lot more to conversions 

besides meters and kilometers.  These units are linear distances.  Along with linear distances, 

teachers must also cover volume and capacity conversions. 

 It is important that equal amounts of time be spent in all three areas of conversions 

(linear, volume, and capacity).  If more time is spent on one area than another, students begin to 

build a gap between the three areas.  Certain areas will become easier or harder and students who 

are good at converting linear distances might begin to struggle with converting volume or 

capacity. 

 Most teachers use a wide variety of mnemonic devices to ensure that their students 

succeed in conversions.  A very popular way to help students learn conversions is to have them 

memorize a saying that would go along with each unit of measurement.  For example: King 

(kilometer) Henry (hectometer) Drinks (dekameter) Milk (meter) During (decimeter) Council 

(centimeter) Meetings (millimeter).  Some teachers even encourage their class to come up with 

their own silly saying to remember.  However, if you encourage your class to come up with their 
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own saying they will have to create three different ones for each type of conversion.  If a teacher 

uses King Henry the only word they have to change is what he is drinking.  For linear distances 

one can use milk (meter), for volume one can use grape juice (gram), and for capacity one can 

use lemonade (liter).  This works for a lot of students because they already have the saying 

memorized and it is easier for them to change one word versus changing the whole saying. 

 

Implication 2: Educators need to find more time to teach and practice estimation during 

everyday activities. 

 Estimation is a skill that is hard to teach and it is mastered through a lot of practice.  

Some teachers tend to have the attitude that if a student does not fully grasp estimation this year 

then it is alright because the student will be doing it again next year in the following grade.  This 

reasoning seems justified, so it is acceptable for them to move on to the next topic. 

 The research above showed that grade level is not significant when students estimate.  

That means that as grade levels become more advanced, that student’s skill of estimation stays 

the same.  This means that the student could be equally good at estimation throughout middle 

school, or equally bad at estimation throughout middle school.  Either way, there is no gain in the 

student’s skill of estimation.  According to the survey results, some students answered that they 

guess on estimation questions.  The result that students guess shows that students struggle with 

estimation.  They either understand it fully or they do not understand it at all. 

 Teachers can change students’ lack of practicing estimation by giving students more 

training with unit estimation.  One does not have to wait until the conversion unit starts to teach 

unit estimation, nor does one need to stop practicing unit estimation when the conversion unit 
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has concluded.  Teachers can utilize down time to practice estimation.  For example: Teachers 

can ask their class on the way to lunch how far away they think the cafeteria is.  Teachers can 

ask their class how much they think their lunch weighs.  Teachers could even ask their class how 

much water is in the fish tank during study hall.  These are small ideas that could get students 

thinking about estimation.  These moments are great opportunities for students to practice 

estimation even though it may not be time for math class.  It is activities like these that could 

help a student become more familiar with metric estimation. 

 

Implication 3: Educators need to find ways to successfully teach conversions to low achieving 

students. 

 Teachers know that there are certain topics that all students, no matter what their ability 

level is, do well in.  There can be times when one’s low ability students do just as well or better 

than a high ability student.  The data from the previous section showed that there was a 

significant difference between the accuracy of questions answered by high, medium, and low 

ability students.  This meant that high ability students scored very well, medium ability students 

scored average, and low ability students scored low.  As stated before, conversions are a topic 

where most students struggle.  Teachers need to find ways to teach conversions that will reach to 

all the different ability levels of their students. 

 Most low ability students learn successfully with the help of manipulatives.  If a low 

ability student could do hands on activities while learning about conversions they might be able 

to grasp the concept a little bit more.  When teaching conversions involving grams let the 

students hold things that weigh a gram and a milligram.  Let the students compare for themselves 
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and decide which one is lighter and why one would need more milligrams to equal a gram.  

When teaching conversions involving liters let them work with water.  Have water that is in 

different sizes of bottles and allow the students to discover concepts on their own.  Lastly, when 

working with linear distances show them how long a meter is.  Take them to the school football 

field or track so they can learn how long a kilometer is.  When students are given the ability to 

see things, touch things, and discover concepts on their own, they are more likely to understand 

what is going on. 

 

Implication 4: Educators need to be prepared to explain the reasoning behind learning both 

customary and metric units of measurement. 

 Students are always curious about why they have to learn the ideas that they are being 

taught.  They usually respond with “I am never going to use this outside of mathematics class.”  

In some cases, students are correct.  However, when it comes to metric units and conversions 

they are wrong.  Students will see and possibly work with metric units for the rest of their life.  

Students are curious about why they have to learn metric units when we customarily deal with 

inches, feet, and yards. 

 Teachers can go the route of trying to explain over and over again that students will use 

this sometime in their life.  However, instead of telling students, one can show them.  Have 

students go to the grocery store and try to find pop that is not measured in liters.  Have students 

look at their parent’s car or their school bus and try to find one that does not measure speed in 

kilometers.  Challenge students to list careers that involve working with metric units.  Ask 
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students to look at different countries and see if they measure in metric or United States 

customary units. 

Once students begin to discover that the metric system is all around them they will begin 

to understand why they are being taught both.  As they discover that they have already been 

using the metric system they will begin to feel less resistant towards it.  Lastly, once students 

realize that they have already been introduced to the metric system they will not see it as being 

so difficult. 

 

Suggestions for Future Research 

 Future research in the area of metric conversions and unit estimation may generate 

interesting results.  One might consider doing a long-term study that would involve following the 

same group of students throughout their middle school career to see if the students improve their 

estimation skills.  Also, two studies might be interesting.  Perhaps one study would be given 

before the topic is taught and then one study would be given after the topic is taught in each 

grade level.  Finally, conducting a similar study with the same grade level of students but in 

different schools might yield interesting results. 

 

Concluding Remarks 

 The idea behind this study was to determine if middle school students would perform 

better when converting from large metric unit into a smaller metric unit versus converting from a 

small metric unit into a larger metric unit.  The study was also conducted to see if the same 

students were more accurate in estimating distances smaller than a meter versus distances of a 
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meter or larger.  Based on the results of this study, it is concluded that there is no difference in 

accuracy when students convert from a small unit to a larger unit or from a large unit to a smaller 

unit.  The results also concluded that students are more accurate at estimating distances smaller 

than a meter.  As with any specific topic, each teacher must choose the appropriate strategy for 

introducing and teaching conversions so that his or her students are able to maximize their 

learning and achievement. 
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Appendix A 

Gender: _______________      Date: __________________ 

Age: _____________       Grade: _________________ 

 

Directions: Read and answer the following questions.  SHOW YOUR WORK! 

1) Lexi hiked a 13 kilometer trail at Allegany State Park.  How many meters did Lexi hike? 

 

 

 

 

 

2) Becky rode her bike for 255 meters.  How many kilometers did Becky ride her bike? 

a. 255,000 

b. 25,000 

c. 2.55 

d. .255 

 

3) What is 6,200 milligrams converted to grams? 

a. 620 

b. 62 

c. 6.2 

d. 0.62 

 

4) Which one of the following statements is true? 

a. 1.5 kiloliters = 150 liters 

b. 3 meters = 3,000 centimeters 

c. 16 cups = 2 gallons 

d. 4 millimeters = .004 meters 

 

 

5) Rob measured a leaf to be 42 millimeters long.  How many meters is Rob’s leaf? 
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6) Cali made 1.5 liters of juice and then drank 450 milliliters of it.  How much juice is left? 

 

 

 

 

 

Directions: Read and answer the following questions.  Choose the 

correct answer from the word bank.  You may use words more than 

once if necessary. 

7) What is the appropriate unit of measurement that you would 

use to measure how long a pen is? 

_____________________ 

 

 

 

8) Mike wants to know how far it is from Little Valley to 

Cattaraugus.  What unit of measurement would be appropriate for calculating that 

distance? _____________________ 

 

 

 

9) A football field is approximately 91 ____________________ long. 

 

 

 

10) Amy’s fingernail is approximately 8 ____________________ long. 

  

Word Bank 

Millimeter 

Anthometer 

Centimeter 

Meter 

Frodometer 

Kilometer 
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Appendix B 

Gender: ________________      Date: __________________ 

Age: _____________       Grade: _________________ 

Directions: Read and answer the following questions.  This is an opinion survey so there is no 

right or wrong answer!! 

1) How do you convert from one metric unit to another?  Do you have any tricks? 

 

2) Are some units of length harder to convert than others? (Circle all that apply) 

a. Millimeters 

b. Meters 

c. Centimeters 

d. Millimeters 

e. I don’t think any of them are more difficult to convert than the others. 

f. I have a different opinion.  Please explain: 

__________________________________________________________________

_________________________________________________________________. 

 

3) Do you think it is easier to convert from a large unit to a smaller one, or is it easier to 

convert from a small unit to a larger one? 

a. Converting from large units into smaller units is easier.  Example: 16 kilometers 

is how many meters? 

b. Converting from small units into large units is easier.  Example: 250 millimeters 

is how many meters? 

c. I don’t think some units are easier to convert than others. 

d. I have a different opinion.  Please explain: 

__________________________________________________________________

_________________________________________________________________. 

 

4) Look at this question: A pen is approximately 16.5 _____________ (centimeters, 

millimeters, or meters) long.  How do you choose what unit of measurement goes in the 

blank? 

a. I guess what the answer is. 

b. I know approximately how big centimeters, millimeters, and meters are. 

c. I think of things that I know are a centimeter, millimeter, or meter and then I 

compare them to what the question is asking. 
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d. I don’t do any of these.  Please explain what you do: 

__________________________________________________________________

_________________________________________________________________. 

5) Is it easier to estimate large distances (from one town to another) or small distances (the 

length of a pen)?  Why? 

 

 

 

6) Do you find that one type of unit is easier to convert than another? 

a. Yes! Meters, Kilometers, Centimeters, and Millimeters are easier. 

b. Yes! Grams, Kilograms, Centigrams, and Milligrams are easier. 

c. Yes! Liters, Kiloliters, Centiliters, and Milliliters are easier. 

d. Yes! Feet, Inches, and Yards are easier. 

e. Yes certain ones are easier that are not listed above.  Please list them: 

__________________________________________________________________

_________________________________________________________________. 

f. No I do not find one easier than another. 

g. I have a different opinion.  Please explain. 

__________________________________________________________________

_________________________________________________________________. 

 

 

 


