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Abstract
This study examines how accurate college students are in measurement estimation. It
expands on the current research and compares students’ skills to estimate using the U.S.
customary system and the metric system. The study compares college students from various
countries and various STEM and non-STEM majors. The purpose of this study is to identify
which group of students performed the best, whether it was international students compared to
American students or if it was STEM majors compared to non-STEM majors. This study also
compared students’ skills in different types of measurement estimation and to address the areas
in which students performed the best. During the study, students completed a 16-question
assessment containing different types of measurement estimation problems, including lengths,
volumes, and temperature, using both the customary units and the metric system. Students were
not allowed to use rulers or any devices to help improve their accuracy. For the volume and
weight/mass problems, students were able to see actual containers filled with water to estimate
the amount and weight. Students then had to complete a demographic survey of major, country
they were raised in, and which units they were most comfortable using. Later in the survey,
students had to rate each question based on their confidence level of their accuracy. The results
showed that there was no statistical significance in scores and country of origin and also no
statistical significance in scores and college major.
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Introduction
This research explores the accuracy of students’ skills to estimate measurements. The
research examines students’ precision in their estimation; the results are compared to students
who were raised using the metric system to students who were raised using the U.S. customary
units. There has been constant discussion on whether or not the United States should follow the
rest of the world and use the metric system. Is there a real difference in students’ accuracy in
measurement estimation based upon the measurement system?
Since starting college as an undergraduate, I have met many people and students from all
over the world, i.e. Kenya, Japan, and South Korea. There were times where we would talk about
our heights or the temperature outside, and there was always some confusion. There were some
instances when we were measuring water for ramen, and most of the time, the directions were
using the metric system. This would cause some confusion because the individuals did not have a
uniform concept of one measurement system. Eventually, with practice, the individuals began to
understand certain concepts and benchmarks, such as

is about

and 165 cm is about 5

ft. 4 in.
While talking informally with international students, there was a barrier in
communication when the discussion was about estimating speed, distance, volume or
temperature. Also, in prior teaching placements for my undergraduate degree, students
consistently had problems estimating lengths of objects. This study focused on finding where
students make the most mistakes in measurement estimation. In addition, I wanted to determine
the qualities that can influence students’ performance on measurement estimation, such as the
type of major a students has or the country they were raised in.

MEASUREMENT ESTIMATION

Melinski 2

It is hypothesized that international college students will be more accurate in their
estimation than American college students. In addition, it is hypothesized that STEM
students will be more accurate in measurement estimation than non-STEM students.
Furthermore, it is hypothesized that students will be less accurate in estimating volume,
temperature, and weight than estimating lengths and heights.
This hypothesis was tested through a formal evaluation and a survey that was
administered to a sample of students from the population. The assessment was given to students
with varying backgrounds and majors. Then the assessment was graded using a rubric to record
how accurate they were on their estimation by finding their percent error. After the evaluation,
students were given a survey to obtain information not only about their major, but what units
they are more comfortable using, and also where they were raised; students also indicated their
confidence levels for each problem. Since there are different measurement systems presently
used in today’s society, it would help to understand how each unit of measurement came about,
when students are taught the measurement systems, and what previous studies researched
measurement estimation. All of these topics are addressed in the following literature review.
Literature Review
Introduction
The purpose of this literature review is to examine college students’ accuracy in different
measurement system and to which type of measurements college students perform the best in.
There have been numerous studies and continuous research on measurement estimation; however
there has been limited research on comparing adults and college students’ accuracy in different
measurement systems; such as the metric system and the United States customary units (Jones, et
al., 2012; Montague & Van Garderen, 2003; Siegler & Opfer, 2004; Slusser, Santiago, & Barth,
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2013; Swan & Jones, 1980). This literature review begins by exploring the history of the metric
system and the United States customary system. Next, follows a section on textbooks and
assessments to illustrate when and where measurement estimation is seen in the curriculum, in
both the United States and international levels. In addition, a section is provided on when
American students learn about the metric system and also how much experience they have with
it. After, there is a brief description of studies that have been conducted on measurement
estimation.
History
Metric system. For centuries, every country or civilization had its own measurement
system; there were even multiple measuring systems within one country. Each area had their
own lengths for a ‘foot’ and also had their own weights; nothing was consistent (Johnson, Norris,
& Adams, 2007). The idea of a universal measuring system started in one country, France, where
at one time they had over 800 different measuring systems. An idea was proposed in a published
work, De Thiende by Simon Stevin (1548-1620), which described a more efficient way to
represent rational numbers, by using decimal fractions (Johnson, Norris, & Adams, 2007). Stevin
suggested that there should be a measurement system that should be based on powers of ten.
Roughly 100 years later, Gabriel Mouton, the vicar of St Paul’s Church in Lyon, France, decided
to follow this system. He proposed that the basic unit should be one minute of the length of the
arch on the Earth’s surface, calling it the “milliare” (Nelson, 1981). Mouton subdivided the units
by powers of ten so there were smaller units.
After Mouton, Tito Livio Burattini suggested that the meter should be the standard unit in
1675 (Johnson, Norris, & Adams, 2007). However, the discussion of a universal measuring
system lay dormant for the next 100 years, as seen in Figure 1. The idea was not proposed again
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Year
1585

Action
Simon Stevin Published
Revolution. Once the monarch was removed
De Thidende
Late
Gabriel Mouton contributed to the
from power, changes were made throughout
1600’s
metric system
1675
Tito Livio Burattini proposed new
the country, especially to the measurement
standard unit, meter
1793
Group of academics met to decide
system. In April 1791, a diplomat who had
on the basic unit
1799
Metric System became law in
served under the royal regime and Napoleon,
France
1811
Napoleonic Measurement system
Count Charles Maurice de Talleyrand, made a
idea formed
1812
Napoleonic Measurement system
proposition to the National Assembly (Johnson,
put in place
1837
3 year transition period from
Norris, & Adams, 2007; Nelson, 1981). He
Napoleonic to Metric System
1840
Metric System back in place
suggested that the French Academy of Science
Figure 1. Timeline of the Metric System
(Johnson, Norris & Adams, 2007, Nelson,
develop a more logical measurement system
1981).
that can be used not only in France, but across Europe. In August of that year, the proposition
was made to King Louis XVI, one day prior to his departure from France. To this day, it is still
unknown whether or not he approved of the measurement system.
After King Louis XVI departure, a group of mathematicians, accountants and scientists,
among them the scientist Antoine Lavoisier and the mathematicians Adrien Legrendre and Marie
Condorcet, were united (Johnson, Norris, & Adams, 2007). Together, they derived the new
system of measurement based on the line of longitude and came to a consensus that the basic unit,
called meter in May 1793, should be

of the distance from the North Pole to the equator

through Paris (Johnson, Norris, & Adams, 2007; Nelson, 1981). Meter is derived from the Greek
word “metron” which actually means ‘measure’. Once the unit length was determined, unit
volume and unit mass came shortly after. The unit of volume was a cube with congruent sides of
length

of a meter is known as a pinte. The mass of one pinte of distilled water which was at
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the temperature of melting ice was knows as grave. The metric system was officially born on
April 7, 1795, when the French government issued the decree that the system will be adopted
(Nelson, 1981).
Using the metric system became law on December 10, 1799 and not just in France, but all
over Europe (Johnson, Norris, & Adams, 2007; Nelson, 1981). To be sure the units were
consistent; the French government was presented with a platinum rod on which was marked what
a meter was and also a platinum bar that weighed exactly 1 kg. However, this was not the end of
new measurement propositions; in 1811 Pierre LaPlace suggested a new system called the
Napoleonic Measures with support of the Emperor. The Napoleonic Measures was implemented
in 1812, however due to mass confusion of the system France went back to the metric system in
1840. Eventually the system spread throughout Europe and most of the world. The United States
also uses the metric system, however it is not as prevalent since there is a different measurement
system used.
The metric system in the United States. The metric system is used in the United States;
however it is not as strongly enforced as in other countries. In 1866, the United States Congress
declared that the metric system was legal to use, but was not mandated (Monroe & Nelson, 2000).
In 1875, the United States and 17 other nations signed the Treaty of the Meter, which created the
International Bureau of Weights and Measures (Chyla, 2011; Monroe & Nelson, 2000). The
bureau is located near Paris, which is where the idea of the metric system originated, and they
provide the world with the standards of the metric measurement (Monroe & Nelson, 2000). Even
with the bureau in place, the metric system still was not as widely adopted as the United States
government hoped it would be. The United States was having difficulty moving from the
measurement system they shared with Britain and converting to the metric system, even though
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Congress had adopted the system in 1896 (See Figure 2). At the time, since Britain was still
using their system of “pounds” and “inches,” the United States decided not to convert.

Year
1866

Action
U.S. Congress declared Metric
System Legal
1875
U.S. and 17 other countries
Signed Treaty of Meter
1896
Congress adopted system
1975
U.S. Metric Conversion Act of
1975
1988
Omnibus Trade and
Competitiveness Act of 1988
1991
President Bush Issued Executive
Order 12770
1998 Transportation Equality Act for the
21st Century (TEA 21)
Figure 2. Timeline of the Metric System in
United States (Chyla, 2011; Monroe &
Nelson, 2000)

Several decades later, in 1975, the
United States Congress tried once again to
convert the measurement system to the metric
system by passing the U.S. Metric Conversion
Act of 1975. This act provided a 10-year
schedule to convert from the U.S. Customary
system to the metric system. With this act, a
17-member board was created, called the
Metric Board. This board was set to help
Americans convert to the metric system by

acts of publications, assistance, and consultation. For those who advocated for the use of the
metric system, the late 70’s was the time where the strides were taken to convert to the metric
system. Schools were filled with conversion charts and the highways were measured in both
miles and kilometers, the Shell Oil Company converted measuring oil into liters and the
Philadelphia Phillies painted the outside fence in metric measures. Though it seems that the
process was working, the Americans did not adapt well to it. Shell Oil Company was getting
complaints about how confused drivers were with liters so they finally returned to the original
system of measuring gas in gallons. Even though some companies did go through with the U.S.
Metric Conversion Act, most companies did not. The United States adopted this amendment in
order to have the same measurement system as the other countries so there would not be any
confusion. This would make trading among countries easier.
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After the Act of 1975, a new Act came about in 1988 called the Omnibus Trade and
Competitiveness Act of 1988. This act stated that the metric system was “the preferred system of
measurements for trade and commerce” (Monroe & Nelson, 2000, p. 22). Congress wanted all
federal government agencies to convert to the metric system. However, President Bush issued an
Executive Order 12770 in 1991. This order stated that the Commerce Department was in charge
of getting all the federal agencies to convert into the metric system. All highways and any federal
funded highway construction were to be converted to the metric system by the end of September,
1996. However, this goal was not met in full. In 1998, there was yet another act that was passed.
The Transportation Equality Act for the 21st Century (TEA 21) canceled all metric conversions
that had been issued previously for the highways. The United States was not the only country to
try to adapt the metric system, Canada, Britain, and Australia also tried in the 1970’s.
Canada adopted the metric system in 1970, Britain had adopted it in 1972, however
highways were measured in miles, Australia converted successfully in eight years instead of 10
years, and then Japan started to convert to the metric system in 1921 and then mandated the
metric system in 1951. Currently, there are only three countries that do not use the metric system,
Liberia, Myanmar, and the United States. Many say that the United States should not change to
accommodate the other countries. Others say that such a change would bring more confusion to
the average American and why change to a system that is only 200
years old. Saever Leslie, the leader of Americans for Customary
Weight and Measure, stated “Let Science and Industry use the
metric system as they need it” (Monroe & Nelson, 2000, p. 22).
In the United States, there are many areas that use the
metric system (see Figure 3). For example, Americans purchase 2-








2-liter bottles
Machinery
Technology
Speedometer
Weights on food
Nutritional Facts

Figure 3. Metric
system used in the
United States.
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liter bottles of soda, mechanics work on vehicles using the metric system, technology and much
of outdoor equipment use the metric system. When driving a vehicle in the United States, the
speedometer has both miles per hour and kilometers per hour marked. On food, the nutrition
facts are labeled using grams instead of ounces. Officers and federal agents use grams to measure
the amount of illegal drugs someone has in possession. When electricians do their jobs, they use
the metric system to complete their electrical work because the customary units do not apply for
electric current (Congressional Digest, 1971). In addition, the metric system is used in several
different sports; for example, in track one of the events runners run the 5k. Though it may not be
pertinent in the American society, it is still around.
United States Customary System. The United States has used the British system of
measurement since the discovery of the country (Bullock, 1954). Even though congress made the
metric system legal, the citizens and government officials chose not to obey it. The customary
system has a long history of how each unit came about into measurements. In order to examine
Unit
Place
Cubit
Ancient
(length)
Civilizations
Foot
Greece and Rome
(length)
Inches
Rome
(length)
Mile
Rome and England
(length)
Yard
England
(length)
Pound
Ancient
(weight)
Civilizations
Carat
Rome
(weight)
Pint
Egypt
(volume)
Figure 4. Units and Origin.

the current system, an analysis of ancient history will make
the customary system easier to understand. Figure 4
illustrates the units and their origins.
In ancient history, the first unit that was ever
recorded for length was the cubit, which had several
different lengths (“Recent United State”, 1971). The
standard unit was the length from the elbow to the tip of
the middle finger. A half a cubit was the span of the hand,
a sixth of a cubit was the width of the hand or palm, and
twenty-fourth of a cubit was the width of a finger. Then
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there was The Royal/Sacred Cubit which was either 7 palms or 28 finger widths long. The
Royal/Sacred Cubit units were commonly used in construction of buildings or sacred sculptures.
This is how the customary units began to form, and the founding of the cubit became the basis of
what today Americans use for inches, feet, and yards. It is believed by some that the foot was
first used in Egyptian times and later during the Greek and Roman era.
Romans developed the foot and had it divided into 12 unciae, inches, and 16 digits
(United States Department of Commerce, 1971). In addition, the Romans introduced to the
measurement system the concept of a mile, which they considered to be 1,000 paces or double
steps (a double step is equivalent to 5 Roman feet). Originally, the mile was 5,000 feet; however
once it was introduced into England during the reign of Queen Elizabeth (1558-1603), the length
was changed to 5,280 feet, or 8 furlongs (40 rods of 5.5 yards each). The origin of the yard is not
really known. There are some theories stating that it originated from the cubit measures, saying
that the length is a double cubit. Though the origin is not well known, the early reference to the
yard is related to the binary system. The original yard was separated into 2 (half-yard), 4 (span),
8 (finger), and 16 (nail) parts. When the yard came to England, during the Saxon times, it was
possible that Henry I standardized the yard by stating that the length is the circumference of his
waist or that it is the distance from the tip of his nose to the end of his thumb (Bullock, 1954;
United States Department of Commerce, 1971).
Units for measuring mass were also derived from ancient history. The earliest recorded
unit, and also considered the smallest unit in the Troy systems was called the grain (United
States Department of Commerce, 1971). People would use a grain of wheat or barleycorn to
weigh objects, most importantly silver and gold. When there were larger items to measure and
also used for currency, people would use stone standards. What was originally called the mina in
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ancient civilizations changed into the pound. From place to place, the magnitude of the units
varied. For example, the Babylonian and Sumerian systems consisted of 60 shekels in a mina and
60 minas in a talent, where a shekel was the smaller unit and the talent was the larger unit. In
Rome, a talent was 100 libra, or pound, and they were smaller than a mina. In Troy, a pound was
divided into 12 ounces; however in Rome an uncial (ounce) was smaller. A carat was introduced
to measure gemstones and originally people used the carob seed to measure the weight of these
precious gems (United States Department of Commerce, 1971).
For trade and commerce, items were measured and traded by volume. Previously, mass
and volume worked hand in hand. In certain places, a talent was equal to the mass of a cubic foot
of water; this was common in other civilizations (United States Department of Commerce, 1971).
In Egypt, they used the unit hon which was a volume unit that is 11% larger than a cubic palm
and was roughly one mina of water. This is identical to the current United States pint. The pint
was legalized in England to help measure wine, and then later for dry goods such as corn
(Bullock, 1954). There are many different units that are used today, each with a different story
behind them.
To understand the where the units were named and given their measurement, it helps to
look at the history that surrounds each unit. There are many people who do not understand where
these units are derived from and how they are used presently. Students would have a better
comprehension of these units, and the customary system, if they saw how they were used in the
past. Textbooks can even provide some history in methods of estimation and unit conversions so
students have a background in where the measurement system came from.
Standards
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The majority of the schools in the United States have currently switched to the Common
Core Standards. The only states that are not complying with the new curriculum are Texas,
Virginia, Nebraska, Alaska and Indiana. The Common Core standards have made significant
changes to both the Mathematics and English curricula. The standards have been implemented in
grades K-8th and, as of the fall of 2013, the standards were implemented in Integrated Algebra
and Geometry. United States officials want to have a uniform curriculum for all states so all
students are at the same level of education. With the major changes to the curriculum, this
literature review will focus on when students learn to measure, in both metric and standard units,
and when students estimate measurements.

Figure 5. Common Core Measurement standard for grade 2.
According to the Common Core Curriculum, students are taught to measure in the first
grade (National Governors Association Center for Best Practices & Council of Chief State
School Officers, 2010). In kindergarten, students learn the difference between ‘longer’ and
‘shorter’, ‘lighter’ and ‘heavier’ by object comparison. As students enter first grade, they learn
how to order objects by length. They also learn to measure using smaller objects to represent
non-standard units. Figure 5 displays the standards for the second grade, where students begin to
learn to measure objects using different tools, such as rulers, yardsticks, meter sticks and
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measuring tape. Then they measure objects twice using different units and then describe how the
measurements relate. Later on, students learn to estimate lengths using both U.S. customary units
and the metric system. When students are in third grade, they learn to measure volumes and
masses of objects using liters, grams, and kilograms. From this grade on up, students then apply
what they learn into word problems. This is how the American students are taught the
measurement estimation; however, how and when do other countries teach measurement
estimation to their students?
International Standards
Every country has its own emphasis on what material should be most important for
students to learn. Currently, South Korea is ranked second in the world for student scores on
mathematics and science assessments (Paik, 2004). Another country that scored higher than the
United States is Japan. Japan and South Korea are some of the top countries to have students
score high on the mathematics assessments. Another country that scored higher than the United
States and is closest to the United States is Canada. These countries were chosen by the
accessibility to obtain the mathematics standards for all grades. This literature review will
analyze these countries’ curricula and also compare them to the United States’.
In elementary school, South Korean students have six main areas of study, called
domains, for mathematics. These domains are number and operations, geometric figure,
measuring, probability and statistics, letters and expressions, and patterns and functions. For the
purpose of this literature review, the focus is on the measuring domain, see Figure 6. In grade 1,
students start to compare quantities. In grade 2, students are introduced to the concept of length
and then learn to estimate measures. Students are introduced to volume in grade 3 and work with
measuring volume. Students begin to learn angle measurements and weight in grade 4 and once
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Figure 6. South Korean Measurement standards (Paik, 2004).
the concepts of weight is learned, students estimate weight. From grades 5 on, students start to
apply these concepts to surface areas, polygons, and approximate values and errors (Paik, 2004).
The Japanese mathematics curriculum is similar to the South Korean curriculum, with a
few differences. The Japanese curriculum has four main areas on which students’ education is
focused (Takahashi, Watanabe, & Yoshida, 2008). These areas are numbers and calculations,
quantities and measurements, geometric figures, and quantitative relations. For the purpose of
this literature review, the focus is on quantities and measurements. Students begin to form a

MEASUREMENT ESTIMATION

Melinski 14

Figure 7. Japanese Measurement standards Grade 2 (Takahashi, Watanabe & Yoshida,
2008).
foundation on comparing lengths, areas, volumes, and quantities using familiar objects as units in
grade 1. In grade 2, students learn units for lengths, such as millimeter, centimeter and meter, as
shown in Figure 7. After they understand the concept of linear measurements, students learn the
units for volume of liquids such as milliliter, deciliter, and liter. After learning the basics of these
concepts in grade 2, grade 3 elaborates on these concepts and introduces larger units, such as
kilometer. Students learn to measure weight and then understand the meaning of the units gram
and kilogram. Once students comprehend these concepts, they begin to estimate lengths and
weights, choosing appropriate units and the correct instrument for measurement. From grade 4
on, students use these concepts to apply to different problems, such as area and volumes of
shapes.
The Canadian mathematics curriculum is similar to the South Korean curriculum in the
sense that they both have five areas of study. In Canada, students learn mathematics in the
categories of number sense and numeration, measurement, geometry and spatial sense, patterning
and algebra, and data management and probability. Starting in grade 1, students learn to estimate,
measure and describe area, mass, volume, time and temperature. Students estimate and measure
using non-standard units and then compare and describe the objects using these non-standard
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Figure 8. Canadian Mathematics Standards for measurement for Grade 1 (Ontario,
2005)
units, as shown in Figure 8. By the time students are finished with grade 2, they have been taught
to estimate, measure, and record lengths, perimeters, area, mass, volume and temperature of
different objects (Ontario, 2005). Students complete these tasks using both non-standard and
standard units. After students have the understanding of these concepts, they then compare and
describe these objects using both standard and non-standard units. In grade 3, students learn to
estimate and measure lengths, perimeter, area, mass, volume and temperature using standard
units, which in Canada is the metric system. Once they comprehend the material, students
compare and describe these objects using the standard units. The curriculum repeats these ideas
from grade 4 and up and then expands on the idea of area and volume of different shapes.
Countries and states vary on what they want students to learn in school. As a teacher, one
must teach the students what the officials want taught. For resources, teachers constantly use
textbooks for extra problems, or other examples, for students to practice. Textbook companies
need to be sure that the problems they are using reflect the current standards, and hence there are
constantly new editions published by different companies. As the standards evolve, so do the
textbooks.
Textbooks
There are several different ways to teach a subject, especially in mathematics. Many
teachers use a textbook as a reference and foundation for their course, whether it is to give
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homework or to provide students with extra examples. Estimation and the measurement system,
both U.S. customary and the metric system, are introduced in elementary school, as early as 1st
grade (National Governors Association Center for Best Practices & Council of Chief State
School Officers, 2010). However, students do not start building a firm foundation of
measurement estimation until 4th and 5th grade. Most textbooks start with basic computational
estimation before moving into measurement estimation (Fennell, Ferrini-Mundy, Ginsburg,
Greenes, Murphy, & Tate, 1999; Maletsky, Andrews, Bennett, Burton, Luckie, McLeod, &
Scheer, 2006a, 2006b; Musser & Peterson, 2003; O'Daffer, Charles, Cooney, Dossey, &
Schielack, 2008; Willoughby, Bereiter, Hilton, Rubinstein, Moss, & Pedersen, 2007a, 2007b).
Each state tends to have its own version of textbooks for what the state believes is most
important to learn. For New York State, a commonly used textbook that can be found in many
third grade classrooms is published by Harcourt (Maletsky, Andrews, Bennett, Burton, Luckie,
McLeod, & Scheer, 2006a, 2006b). This textbook has 3 volumes; each volume represents the
levels at which students should be by the end of the volume. Volume 1 starts with understanding
numbers and operations in Unit 1 (chapters 1-3) and finishes with multiplication concepts and
facts in Unit 3 (chapters 8-11). In Volume 2 students learn about division concepts and facts in
Unit 4 (chapter 12-14) and concludes with “Geometry” in Unit 6 (chapters 19-22). Finally, in
Volume 3 students start by learning “Patterns and Probability” in Unit 7 (chapters 23-24). The
textbook concludes with Unit 9 of “Multiply and Divide by 1-Digit Numbers” (chapters 29-30).
In third grade, students learn to measure both in metric and customary units. The
Harcourt textbooks begin with the customary units, which American students are familiar with
(Maletsky, Andrews, Bennett, Burton, Luckie, McLeod, & Scheer, 2006a, 2006b, p. 338-53).
Students learn in section 1 to estimate and measure lengths using inches. Next, in section 2, they
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learn the differences between an inch, foot, yard, and mile, and thus convert between them.
Section 3 covers volume and capacity in cups, pints, quarts and gallons. Students estimate how
many cups are in each container and then perform the actual measurements by participating in a
lab. Then, the lesson leads to weight measurements using ounces and pounds. The students take
different objects and weigh them using a scale. Once this section is completed, the book
continues to unit conversions, for example from cups to quarts, and from inches to feet. Finally,
in the textbook students are expected to discuss when to estimate and when to measure, and then
answer questions based on whether they should measure or estimate.

Figure 9. Opening page of the measuring length chapter for the metric system. (Maletsky,
Andrews, Bennett, Burton, Luckie, McLeod, & Scheer, 2006a, pp. 358).
Students are first exposed to metric units in Volume 2, Chapter 18 Metric Units and
Temperature (p. 356-71). Students start this chapter by learning to read thermometers and rulers,
and then are introduced to new vocabulary. As in Figure 9 displays, students learn how to
measure using the centimeter side of the ruler and then complete a hands-on activity where they
measure the lengths of several different items. Next, they learn how to convert from centimeters

MEASUREMENT ESTIMATION

Melinski 18

to meters using tables, as well as
kilometers to meters, meters to
decimeters, etc. Next, they learn
about volume, however, this section is
called Capacity, Figure 10. Students
learn about milliliters and liters. In
this section, students estimate how
many milliliters are in a liter and also
in different containers. The concept of
volume estimation then leads students
into learning about mass, so they
learn about grams and kilograms.

Figure 10. Opening page of the capacity chapter for
the metric system. (Maletsky, Andrews, Bennett,
Burton, Luckie, McLeod, & Scheer, 2006b, pp. 364).

Students learn how to use a scale to measure mass and thus complete a lab by weighing several
different objects. Finally, students learn how to use the thermometer for temperatures in both
Fahrenheit and Celsius. This chapter concludes with a review/test section to test students’ skills.
As students progress, so does the content. A common textbook that can be seen in 4th
grade classrooms is Real Math (Willoughby, Bereiter, Hilton, Rubinstein, Moss, & Pedersen,
2007a, 2007b). This textbook is also a 3-volume series. In Chapter 1 of the first volume, students
start with basic computational estimation in Chapter 1, as a review from the previous year’s
material. Students start to learn to read a ruler in chapter 8 of volume 2. As in the previously
mentioned 3rd grade textbook, students measure different objects using the customary units. They
continue with the metric units in Chapter 9 where they learn about the metric units and then learn
to measure length in metric, as seen in Figure 11. Students first learn how to convert within the
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metric system from centimeters to decimeters and to meters. Again, like the previous chapter,
they measure several different
objects using metric units. In this
chapter, students learn to convert
from grams to kilograms and liters
to milliliters. Students then
continue on finding mass and
volume in metric units and then
finding volume in cubic
centimeters. In this chapter,
students learn about a cubic
centimeter by playing with small
Figure 11. Metric Units Concepts: Real Math Grade 4
(Willoughby, Bereiter, Hilton, Rubinstein, Moss, &
Pedersen, 2007a, pp. 404).

cubes that are 1cm x 1cm x 1cm.
They use these cubes to determine

the volume of different solids.
For grade 5, there are a variety of textbooks that may be used in the classroom; among
them are Real Math (Willoughby, Bereiter, Hilton, Rubinstein, Moss, & Pedersen, 2007a, 2007b)
and Mathematics: The Path to Math Success! (Fennell, et al., 1999). In Real Math, students start
applying the customary units in chapter 2 (p. 76), and then start applying the metric units in
Chapter 3 both as a reintroduction to the metric units and then choosing the appropriate metric
measures. In Chapter 10, students start with finding areas, surface area, and volume of objects, in
both customary and also metric units. Students start computational estimation using decimals in
chapter 11. Then finally in chapter 12, students are applying measurement estimation for lengths,
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angles, and distances. In this chapter, they also convert measures and apply customary measures
as well, as seen in Figure 11.
The other textbook for 5th grade, Mathematics: The Path to Math Success! is actually not
in a volume series like the other textbooks (Fennell, Ferrini-Mundy, Ginsburg, Greenes, Murphy,
& Tate, 1999). Students start computational estimation in Chapter 2 with addition and
subtraction of decimals and whole numbers. They continue the computational estimation
throughout the remaining chapters for multiplication and division, and also for adding and
subtracting fractions and mixed numbers. In Chapter 11, students start measurement, with the
customary units of lengths in section 2, volume in section 4, and weight in section 5. Students
start learning about metric units in section 6 with length then continue into volume, and mass
then complete measurement with temperature in both Fahrenheit and Celsius degrees. As we can
note with these textbooks, students do not learn or use the metric system in the textbook until
near the end of the year. American students learned both systems in these textbooks mentioned,
but the students throughout the world have different standards and key objectives that are
emphasized in their textbooks.
International Textbooks
In the United States, measurement and estimation are common themes throughout the
textbooks. Textbooks in the United States have certain standards they must include in their
textbooks, but there are a variety of publishers that compete to be the best resource for the
classroom. In other countries, there is only one textbook schools must use with all the standards
the students have to learn, such as the Republic of Korea. South Korea emphasizes certain
concepts at certain grade levels and builds upon the skills from the previous level instead of
repeating the objectives like in the American textbooks (Kim, 1993). In Figure 12, it can be
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noted at what grade American and Korean textbooks cover certain topics, as well as how much
space is allotted in each topic in the respective textbooks.

Figure 12. Differences between Republic of Korea and American Textbooks on
Measurement (Kim, 1993, pp. 124).
In a typical American textbook, grades one and two concentrate on measurement then
continue to metric and customary measures in grades three through eight (Kim, 1993). After
grade five, students are taught how to apply volume, area, and perimeter. In Korean textbooks,
students are taught measurements in grades two through six, and none of the topics repeat like
the topics do in the American textbooks. Furthermore, Korean textbooks concentrate
measurements in the metric system whereas the American textbooks use both the customary and
the metric system. People believe that students should learn metric system the in the mathematics
classroom is important because it forms a “natural bridge between the worlds of math and
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science” (Abdi, 2000). American textbooks tend to not incorporate measurement into other
topics such as geometry, instructional activities and ratios/proportions. Korean textbooks,
however, use the skills that students learn in measurement and build upon that incorporating
these skills in geometry. Students learn measurement and apply it to ratios and angle
measurement. As it appears, what students learn and when varies from country to country.

Figure 13. South Korean Mathematics
book for area and measurement (South
Korean Textbook, 2013).

Figure 14. South Korean Mathematics
book for area and measurement (South
Korean Textbook, 2013).

As soon as students learn to measure, they apply the skills to different types of
mathematics problems. For example, in Figure 13, students apply measurement to finding the
area of the rhombus. Students use what they know about square units and use that concept to find
the area. In Figure 14, students use measurement to determine the area of the circle by figuring
out the number of one-by-one squares that fit in the circle. As it can be seen, South Korean
students learn measurements at an early age and then apply the concept into various
mathematical problems. Both of these examples would fall under grade four and five
mathematics level in South Korean schools.
Many countries teach measurement and conversions, but in their own way. In Figure 15,
this Russian textbook uses a visual to teach students the metric system and the fraction
conversions (Атнасян et al., 1994). The graphic will allow students to comprehend the meaning
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of each word and also how to convert among the different units. For example, the first word on
the left hand side is milli, the fraction conversion for milli is

. In the same Russian textbook,

there is another chart provided for the students to show them which units they would use for
different measurements. In Figure 16, the first column is the measurement that would be used,
the second describes the measurement, and the third column discusses the units that the students
should be using. For example, the first one is about length, and students should use millimeters,
centimeters, meters or kilometers.

Figure 15: Russian mathematics textbook
illustrates to students the metric system
and the fraction form (Атнасян et al.,
1994).

Figure 16. Russian mathematics textbook
showing students when to use each unit of
measure (Атнасян et al., 1994).

In different countries, after students are taught how to measure, they learn how to apply
these concepts to different problems. In Figure 17, a Bulgarian textbook applies measurements in
centimeters for the area of shapes (Новакова, 2004). Figure 17 illustrates the concept of 1
centimeter for height of the triangle and the length of the side of a square. Textbooks are
references teachers use in the classroom, and the textbook help students learn what is needed.
Countries have their own standards, and currently the U.S. have the Common Core standards.
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New York State included, there are modules
that teachers can use as a guideline for their
lessons. According to the standards, students
start learning to measure at an early age.
Common Core Modules
Currently, the American education
system has switched over to the Common Core
standards. Under the Common Core, teachers
are expected to teach by modules, pre-designed
lessons by the state to aid teachers with the
Figure 17. Bulgarian textbook applying
measurements to area problems (Новакова,
2004).

materials. Under these modules, students are
taught measurements as early as 2nd grade.

Students first learn to measure lengths using various measuring tools, such as yardsticks and
meter sticks. Students then learn to measure objects using different units and then compare the
measurement in both units. When students are comfortable with the different units, they then
learn to estimate the lengths between these units. Finally, in the Common Core standard
2.MD.A.1-4, students learned to determine the differences of lengths between objects.
Measurement estimation first appears in Module 2, a 12-day module. Students first learn
about the meter stick, how to use centimeters and understand the concept of length. Teachers
may use manipulatives, such as centimeter cubes, to help students understand physically what
length is. Next, students can use the centimeter cubes and lay them alongside a ruler to show that
a centimeter cube is 1 centimeter long. This allows the student to see the length of a centimeter
physically and they can create a benchmark reference in estimation. Once students understand
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the concept of a centimeter, they measure various items in the room and can create their own
mental ruler using centimeters. In the next topic, students learn the difference of measures and
compare lengths of different objects. Students can measure
objects twice using different units and develop the concept on
how measurement of an object relates to its unit length. Then
students relate what they learn to adding and subtracting lengths.
Students can use the ruler as a number line to apply both concrete
and abstract concepts. Next time students apply measurement
estimation is in module 7.
Students were also exposed to measurement estimation
again in third grade. Measurement estimation is under module 2
and students start to apply measurement estimation in Topic B,
Figure 18. Example of
breaking 1 kg into 10 100
grams from Common
Core Module.

when they measure weight and volume using the metric system.
In lesson 6, students are taught the concept of what a kilogram is
by obtaining a bag of beans that in total weighs 1 kilogram. Then

as a class with the teacher and a marker, students begin to break apart the bag into boxes. Figure
18 is an example of what students would create with the teacher. Students then apply this
concept of kilogram to determine other problems, such as how many grams are in 100 kilograms.
Next, in lesson 7, students apply the concept of the kilogram to try to estimate the weight of
objects based. Not only do the students estimate the weight of the object, they also weigh the
objects to obtain the actual weight, in both grams and kilograms. Later, students start to solve
one-step equations applying the metric system in lesson 8. Students are asked how much heavier
one item is from the other, and they have to determine the value of the difference within 100g.
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After understanding the concept of weight, students learn the
concept of volume using milliliters and liters in lesson 9. Students
use a dropper to understand the amount of 1 milliliter of liquid. Once
students comprehend the concept of a milliliter and liter, they apply
this to the next lesson where students estimate volume and use a
vertical number line. The teacher may distribute a measuring bottle
with a vertical line drawn on it. Students, along with the teacher,
create little dashes on it to create a “number line” so they can

Figure 19. Example
of measuring volume
from the Common
Core Module.

measure the volume of the water. An example of what students
would create is in Figure 19. Using this hands-on method, students learn how to measure liquids
by reading the number line. Once the concept is learned, students finish Topic B by solving word
problems that uses volume and weights learned in the metric system.
Throughout the years, there have been new standards that were administered to help
improve students’ skills. Students are taught by what is considered important by these standards,
and each set of standards placed emphasis in different places. As standards emphasis changed,
studies were conducted to research students’ skills in estimating measurements. These studies
were conducted as early as 1980 and as recent as 2013, which between these years the standards
were changed on several occasions.
Estimation
Definition of estimation. Estimation is one of the basic mathematics lessons we learn
starting in Elementary School (Common Core Standards, 2013). Jones et al. (2012) defined
estimation as creating or making an educated guess on what the value or measurement of
something can be without performing the actual calculation or measurement. Throughout several
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decades, many studies were conducted on estimation showing the different levels of all age
groups, and even teachers (Alajmi, 2009; Jones, et al., 2012; Montague & van Garderen, 2003;
Siegler & Opfer, 2004; Slusser, Santiago, & Barth, 2013; Swan & Jones, 1980).
There are three main types of estimation: numerosity, computational, and measurement
(Jones et al., 2012). Numerosity is estimating the number of objects in an area or container
without counting the objects. This type of estimation is constantly seen at events where people
estimate how much of an item is in a jar (e.g. candy). Measurement estimation is determining the
length, height, volume, or weight of an object without measuring it. Computational estimation is
determining the approximate value of a mathematics problem or formula without doing the stepby-step process of calculating the actual answer. This type of estimation can be used to
determine the cost of an item after it was discounted. Since this study is going focuses the metric
system versus the U.S. customary system, the main focus will be on measurement estimation.
Units of Measure
For measurement estimation to be at its most accurate, it depends on the units of measure
that are being used. There is the metric system, the U.S. customary system and then there is the
use of non-standard units, like M&M’s, to determine the length, height, volume, or weight of an
object. Some of the studies noted that having students estimate in different units showed what
units students are more accurate in (Jones et al., 2012; Swan & Jones, 1980). The studies that
were conducted used either one measurement system, combined both systems together, or used
non-standards units for their study. The earlier studies researched which system American
students performed best in and how accurate the students were.
One of the first studies conducted was Swan & Jones (1980) whose research determined
that students estimated more accurately using the U.S. customary units than using the metric
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system because they had more experience with it. This makes sense, since students are more
comfortable with it and should be more accurate using the system they are more comfortable
with. This study focused on measurement estimation with a comparison of students who measure
and are more comfortable with the metric system and those who are more comfortable using the
customary units.
Though using the units students and people are most comfortable with may provide more
accurate results, there are other reasons that lead to accurate responses. When a student has more
experience with estimating, he will tend to be more accurate than those who do not have as much
experience with it. Older students tend to be more accurate than younger students because they
have been estimating for a while, and also have the cognitive spatial ability to make more precise
estimation.
Cognitive Ability
People use the spatial cognitive parts of the brain in order to estimate measurements
(Jones, et al., 2012). Slusser, Santiago, & Barth (2013) noted in their study that subjects five
years of age estimated less accurately than subjects of 7 years and older. This study demonstrated
that younger students are less familiar with larger number ranges and had difficulty using the
endpoints and the midpoint to estimate correctly. To determine the place of a number on a
number-line follows through with the visual spatial part of the brain. Booth & Siegler (2006)
proved that the performance in estimation was higher among second and third graders than
kindergarteners in numerical estimation as well as in measurement estimation. One of the
reasons younger students perform poorly on this study is because they do not have the
experience with the number system as the older students do. As students get older, they improve
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on their perceptual ability. In other words, students start to understand the length of a minute, a
foot, a meter, etc. (Jones, et al., 2012).
Cognitive ability does not always have to do with age; the one thing to remember is that
there are students who are gifted and that there are students who do have a learning disability
that can affect their cognitive ability. Montague & Garderen (2003) studied students with
learning disabilities, average level students, and gifted students to determine how well they
estimate. This study investigated at how students of different abilities estimated based on the
problems they were given. According to these researchers, there were times when both the
learning disabled students and the average level students performed equally poorly. However,
across the scale, all three levels of students performed poorly at estimation, even though the
intellectually gifted students tended to outperform the other levels, they all did poorly. Just
because students are at the age where they should be cognitively ready to perform the task, does
not mean they can or are accurate about it.
Inadequate Teaching of Measurement Estimation
Students can only be as proficient as their teachers are. There are times when students do
not develop number sense due to misunderstanding of computation, misusing symbols and also
not understanding structures of a problem (Siegler & Opfer, 2004). With estimation, students
lack the enthusiasm and the reason behind the importance of estimation (Muir, 2005). Students
fail to see the importance of estimation and have difficulty applying it to real-world applications.
Outside the United States, Alajmi (2009) conducted a study on the performance of
teachers in Kuwait. This study showed that teachers, with a Bachelor’s degree and those with a
Master’s degree, had a difficult time explaining estimation, and had a limited number of
strategies for estimation. Some teachers thought that the only way to estimate was by rounding.
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This also may be the fact that most of these teachers do not see the importance of estimation in
their mathematics classroom, even though they find it important to everyday life. When teacher
do not see the importance of a topic, students will not see it either, and this could lead to
problems down the road for the students. With this study, the fact that some of the teachers were
not proficient in estimation can also result in their students lacking proficiently in estimation.
To help students understand the concept of estimation, there are some useful suggestions
that teachers could keep in mind. When teaching estimation, students should see the practicality
of it and how much of a time saver it can provide in certain situations (Colmer, 2006; Muir,
2005). A teacher should not turn down any estimation, as all estimations are correct; no matter
how far off they are from the real answer. Also, students should be engaged in the lesson, the
more they are engaged, the more likely they are to succeed in the lesson. When given the
opportunity, teachers should try to provide students the opportunity to use estimation throughout
the day. This will help students to keep their skills up to par, and also improve their skills
(Colmer, 2006).
This literature review explained the history the measurement systems, textbooks, and
recently published studies. Each country introduces measurement estimation at different times in
a students’ education career, most countries use the metric system. The United States introduces
students to the United States customary system first, and then introduces them to the metric
system. While researching this topic, studies on accuracy of measurement estimation between the
metric system and the customary system could not be found. There were studies done on
measurement estimation using different units, however, the researchers’ sample from the studies
they conducted were of students who were confident in one measurement system. The research
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studied the differences and accuracy of students who were raised in different measurement
estimation background.
Experimental Design and Data Collection
This experiment tested the hypothesis that students who use the metric system
consistently are more accurate in their estimations than students who use the U.S. customary
units. During this study, students answered a 16-problem evaluation that contained different
types of measurement estimation, including heights, weights, lengths, and volumes. Each
question was determined based on the different types of measurement, terminology, and also
positions of each problem. Some of the questions dealing with length were placed horizontally,
vertically, and diagonally to see if the line placement impacted students estimations. There were
physical containers of water for the volume for students to look at to estimate. Furthermore,
students were able to pick the containers up to estimate the weight of the container, as part of the
assessment. The questions asked students to either estimate using the metric system or the U.S.
customary units. After the assessment was given, students completed a 7-question survey relating
to major, where they were raised, what units they are most comfortable using, and what problems
seemed to be easiest and which to be most difficult. Following the survey, there was a
confidence table for students to answer based on how confident they were in estimating
accurately.
Participants
This study was conducted in a comprehensive, selective, public, residential, liberal arts
university located in the northeast. The university has approximately 5700 students; 5400
undergraduate students and 330 graduate students. The majority of the students who attend the
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university are in-state students; however some of the population is from other parts of the United
States and also from different parts of the world. At this college, approximately 81% of the
students are Caucasians, 4.7% are African Americans, 3.5% are Asians, 4.2% are Hispanics, and
approximately 4% are listed as other. There are approximately 250 full-time faculty and 200
part-time faculty employed on campus.
International
American
STEM
4
STEM
3
Non-STEM
9
Non-STEM
9
STEM
3
STEM
5
Male
Non-STEM
3
Non-STEM
7
Figure 20. Demographics by nationality, gender
and major type.
Female

Forty-three college students participated in this
study. The participants came from a variety of

Gender
Male
Female
Grade Level
Freshman
Sophomore
Junior
Senior
Graduate

# of
Students
18
25
# of
Students
6
5
15
11
6

backgrounds, academically and demographically.
Home-Country

Figure 20 displays the number of males and females in
major type and nationality and Figure 21 illustrates the
demographics of the sample. Students studied at this
institution and volunteered to be part of the research.
Since the study did not select students from a random
sample, this research is an observational study. There
were two sessions held, one on campus and one off
campus, based on convenience for the participants. The
international participants were recruited by a group
wide e-mail distributed by the International Education
office. Each of the participants was asked to bring

# of
Students
United States
24
Dominican Republic
1
Israel
1
South Korea
7
Saudi Arabia
2
Japan
2
China
3
Turkey/Ukraine
1
S.Korea/Uganda/U.S
1
U.S./Canada
1
STEM/Non-STEM
# of
Major
Students
STEM
15
Non-STEM
28
Figure 21. Demographics of
sample
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friends of various majors and nationalities with them. This allowed others to participate who did
not receive the e-mail and also gave the research various backgrounds to study.

1. Pilot Instrument
2. Changes to Instrument
3. Obtained Consent
4. Implement Instrument and
Give Survey and Confidence Table
5. Correct Instrument using
Scoring Rubric
6. Note any associations between
instrument questions to either
survey and/or confidence table.
Figure 22. Steps for Design.

Design
This experiment tested the hypothesis that
students who used the metric system are more accurate
in their estimation than students who use the U.S.
customary units. Students received a sixteen-question
assessment during a fifteen minute scheduled group
meeting. The assessment consisted of a variety of

questions related to measurement estimation, including length, volume, and temperature.
Students were not allowed to use any tools to help with measurement, such as rulers,
thermometers, scales, or calculators. Prior to the administration of the assessment, the instrument
was piloted by the researcher to some students, both international and born in the United States,
and some professors. Changes were then made to improve the data collection process. Figure 22
illustrates the steps taken to perfect the design.
The assessment was distributed by colleagues of the researcher to obtain the information.
The instrument consisted of 16 questions that varied in metric and U.S. customary units and
applied different forms of measurement estimation. Following the assessment, there was a 10
question survey asking each student about their background, what units they were most
comfortable with, which problem they found to be the easiest and most difficult, and if they were
able to relate their estimation to any real-life measurement. After this part of the survey, students
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had to rate their confidence on a scale of one to five, where one was not confident and five being
completely confident, for each question.
Instrument Item and Justification
The instrument was administered to students who had 15 minutes to complete the
assessment, and were able to handle the containers of water. The instrument was given to
students of various backgrounds to provide a wide range of data. The instrument contained six
problems on linear measurement estimation, three of which used the metric system. These
Problem
Number
1

Linear
Estimation
X

Volume
Estimation

Temperature
Estimation

X

3
X

X

5
6

X

7 (a)

X

7 (b)

X

8

X
X

9

X

10
X

11
12

X
X

13
14
15

Distance
Estimation

X

2

4

Weight/Mass
Estimation

X
X

Figure 23. Justification for Assessment questions. The questions shaded
used the U.S. Customary System.
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problems had different lengths of line segments with different orientations, two horizontal, two
diagonal, and two that were vertical. For the problems with the vertical line segments, the
problems asked about the height of the line instead of the length of the line. Figure 23 illustrates
why each question was chosen.
Estimating linear measurements is one of the most common forms of estimation that is
used in real-world applications. Problems 1, 4, 6, 8, 10, 12, 13, and 14 all represent different
forms of linear estimation ranging from different orientations and abstract thinking pertaining to
distance estimation from one place to another. Problems 1 and 4 dealt with estimating horizontal
line segments while problems 8 and 12 had students estimate the height of the line segments.
Although these problems seem to be basic, this allowed the researcher to see into the students
minds for “easy” problems. Problems 6 and 13 were diagonal line segments of different slopes.
Diagonal line segments allowed students to interpret and solve in unique ways. Problems 10 and
14 were distance estimations, which allowed students to think abstractly. These problems were
chosen so the research could determine if orientations impacted the estimations. For each pair of
linear estimation problems, one used the metric system and the other was the U.S. customary
system. Having both systems used for each pair illustrated how students performed in each
system.
There were three problems that were about volume estimation, problems 2, 9, and 11.
These problems asked how much water was in the containers. There were 2 containers of
different sizes with different amounts of water in them. Problems 9 and 11 used the metric
system, milliliters and liters, to show how students performed with different units. Problem 2
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used the U.S. customary system to show how students performed. Estimating volumes in
different systems allowed students to possibly apply real-life applications to their solutions.
In addition, there were also three problems relating to weight estimation. Problems 3, 5,
and 15 offered students the opportunity to pick up objects to determine the weight or mass. This
allowed the research to demonstrate how accurate students are when estimating items physically.
Problem 15 used the U.S. customary system unit of pounds while problems 3 and 5 used the
metric system units of kilograms and grams. Having different measuring systems allowed
students to apply various real-world applications to obtain their solutions for these problems.
The last problem to discuss had students estimate temperature in degrees Fahrenheit and
Celsius. This problem was problem 7 on the evaluation which had two parts, (a) and (b).
Problem 7 asked students to estimate the temperature in the room using both units of degree. Not
only did it test students’ skills to estimate temperature, but also how well they can estimate using
a different measurement system.
Each problem that was selected used different forms of measurement estimation, where
no two problems were identical. In addition, the problems asked students to estimate in both
metric and U.S. customary systems. For linear estimation, not only did participants estimate
lengths and heights, but also distances between cities and from the campus to a certain landmark.
Under volume, there were containers of water that contained a certain amount of water,
measured in milliliters, liters, and cups. These containers of water were also be used for
participants to estimate the mass/weight of them in kilograms, grams, and pounds. Finally,
temperature estimation participants have to estimate the temperature of the room using both
Fahrenheit and Celsius.
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Following the questions, a survey was administered to the students that they began once
their assessment was completed, Figure 24. This survey asked about the students, such as majors,
where they were raised, what units they were most comfortable with and then which problems
they found “easy” and which ones they found “difficult”. After this brief survey, students
completed a confidence chart, to see what area of estimation they were most comfortable with
and if their comfortable level and their scores had an association. Participants had to rate the
comfort on a scale of 1 to 5, where 1 was the least confident and 5 was the most confident,
Appendix D.
1. What is your year and major?
2. What is your gender? Circle one.
Male
Female
Choose not to state.
3. What is your ethnicity? (i.e. Caucasian, Hispanic, Asian, African American/Black, etc.)
4. Did you grow up in the United States? Yes
No
5. If no, where did you grow up?
6. If you are international, how long have you been in the states? Circle one.
Less than 1 year
1 year
1-2 years
2-3 years
3+ years
7. What units are you most comfortable using?
U.S. Customary Units (inches, feet, yards, etc.)

Metric System (cm, m, km, etc.)

8. Which problem did you find was the most difficult to estimate? Explain why.
9. Which one did you find the easiest? Explain why.
10. When estimating, did you relate the measurements to anything in real-life? Explain.
Figure 24. Survey questions that were implemented after the instrument
Methods of Data Analysis
Data Collection
The data for this experiment were generated about half way through the university’s
spring semester of 2014 and the data collection was completed in one week. The participants
were administered the assessment, survey, and confident table, as previously discussed. The
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Estimate: 1.5 inches.
Actual: 1.25 inches

were within 25% of the actual answer they score 3 points,
between 25%-50% was 2 points, 50%-75% was 1 point,
and 75%-100% will be 0 points. The higher the student
score, the more accurate they were. The highest a student

(

)(

)

Student scored: 3 points
Figure 25. Example of Grading

could score was 48 points, the lowest is 0 points. Figure 25 is an example of how a question was
graded.
The survey and confidence level scale were evaluated to determine any statistical
significance of the student’s estimation ability. For example, if a student felt completely
confident in their estimation on question 3 and also scored 3 points on that question, that would
illustrate that the student understands the meaning of measurement in that context. The
prominent statistic the researcher was seeking was the number of students who scored high on
the assessment and also had a high confidence rating after taking the assessment.
Descriptive Statistics
The research was analyzed by evaluation of both qualitative and quantitative data. The
mean score for each problem was calculated, and also the mean of the total scores was calculated.
The means were compared to various qualities, such as:


Major type (STEM vs. Non-STEM)



Gender



Nationality (American vs. International)



Year of Student (Freshman, Sophomore, Junior, Senior, Graduate Student)

MEASUREMENT ESTIMATION


Comfort level for each problem



Number of years in the United States
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Scores were compared to major type to determine whether students performed better in one type
of major or another. Nationality of the students was used as a comparison to determine if there
was a relationship to be shown. Gender was analyzed to determine if one gender performed
better, and gender also provided more specific results between majors and nationalities. The year
of the student was compared to points scored to illustrate if a relationship could be shown. The
comfort table for each problem was compared to points scored to the problems to determine if
confident levels reflect students’ scores. Finally, the number of years a student resided in the U.S.
was compared to the scores to verify if there was an association with length of time a student
resided in the U.S. Figure 26 illustrates only some of the coding that was used to compare the
data from this research. In total, the data was compared to 16 different qualities that were
obtained by the surveys and confident tables students completed after the assessment.

Figure 26. Coding from the data set.
Inferential Statistics
The data was collected and analyzed using Analysis of Variance (ANOVA) in the MiniTab software. The ANOVA test was used to evaluate the relationships between countries of birth,
gender, major type, and system preference to the students’ scores. The ANOVA test also
evaluated the same relationships to the points the students scored for each type of problem.
Through the ANOVA tests, the p-values and f-values were evaluated and analyzed. Based on
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these results, graphs and tables were created to have a visual representation of the data
interpretation.
Results
Quantitative Test Results
This research examined how accurate college students were at measurement estimation.
There were three hypotheses that were tested, and each analyzed which group of students
performed the best. The three hypotheses that were tested were, International college students
will be more accurate in their estimation than American college students, STEM students will be
more accurate in measurement estimation than Non-STEM students and that students will be less
accurate in estimating volume, temperature, and weight than estimating lengths and heights.
There were five principle results that emerged from this study:
1. Point of Origin does not matter (P-Value: 0.841, F-Value: 0.55, International Mean:
29.211, U.S. Mean: 30.042).
2. Being a STEM major does not matter (P-Value: 0.372, F-Value: 0.80, STEM Mean:
30.467, Non-STEM Mean: 29.250).
3. STEM International Majors had the highest scores while Non-STEM International
Majors had the lowest (STEM International Mean: 30.857, STEM U.S. Mean: 30.125,
Non-STEM International Mean: 28.250, Non-STEM U.S. Mean: 30.00).
4. A) Students scored highest on Temperature (Mean: 2.558/3 points)
B) Students scored lowest on distances (Mean: 1.211/3 points) and weight
(Mean:1.078/3 points) (P-Value: 0.000, F-Value: 21.71).
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5. Students performed better on the questions in the system they preferred (P-Value: 0.638,
F-Value: 0.22).
Result 1: Point of Origin does not matter
One of the hypotheses of this study is that International college students will be more
accurate in their estimation than American college students. From the present research, it can be
concluded that International students did not outperform American students, or vice versa. With
a p-value of 0.841 and an f-value of 0.55 using the general linear ANOVA testing, that point of
origin is not statistically significant. The mean score of the International students was 29.211
points while American students scored 30.042 points, both out of 48 points. As it can be seen in
the box plot in Figure 27 the means are almost identical for international and American students.
There is a greater range of the international students’ performance than the non-international
students’ performance. It can also be noted that the first quartile of the data is also about the
same; however the third quartiles differs. Both classifications had 25% of the students score
about 24/48 points or lower, 50% of the students score about 30/48 points or lower. In the third
quartile, 75% of American students scored 36.75/48 points or lower while 75% of the
International students scored 34/48 points or lower. In addition, the highest score attained for
both groups was 40/48 points. It should be noted that one of the students that participated in this
study was born in South Korea, and then was adopted to an American family at the age of six
months. Since he lived most of his life in the United States, his data was placed under the
American data set. The lowest scoring participant was an international student who scored 14/48
points, while under the American students; the lowest scare was 19/48 points.
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Figure 27. Box Plot of averages of International students and noninternational students
Result 2: Major does not matter
The second main hypothesis of this research study was that STEM students will be more
accurate in measurement estimation than Non-STEM students. Based on the ANOVA test, the pvalue is 0.372, F-Value is 0.80. This means that major is not statically significant in predicting
how well students perform on measurement estimation. There is a belief that STEM majors
would perform better at measurement estimation since the student measure in both system for
labs and different classes. According to the data, STEM majors averaged 30.467/48 points and
non-STEM majors averaged 29.250/48 points. There was a 1.217 difference between the
averages. With the difference between the averages and the p-value, being a STEM major does
not increase the chances that the student will perform better at measurement estimation.
Result 3: STEM International students performed the best and Non-STEM International
students performed the worse
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As it can be seen from the means in
Figure 28, STEM international students outperformed the rest of the students. Even
though both major and origin is not
statistically significant in predicting

STEM

Non-STEM

International

30.857

28.250

United States

30.125

30.00

Figure 28. Comparison of means between
STEM majors and Non-STEM majors.

performance of students on the assessments, this is good to note for possible future research.
International
American
STEM
27.750
STEM
32.33
Female
Non-STEM 27.778 Non-STEM 28.4667
STEM
35.000
STEM
28.800
Male
Non-STEM 29.667 Non-STEM 31.714
Figure 29. International gender and major type mean scores

Figure 28 illustrates the means
for where students were from
and origin. As shown in Figure
28, the overall scores were

close, between International STEM and American STEM majors, there was a mean difference of
0.732 points, while between International Non-STEM and American Non-STEM majors, there
was a mean difference of 1.75 points. Figure 29 displays more specific means by gender, major
type, and nationality. In the majority of the groups, American students scored higher than the
international students, except male STEM students. Male international students scored higher on
the assessment than male American students, with a difference of 6.2 points.
Result 4: Students scored lowest on distances and weight.
The final hypothesis of this study was that students will be less accurate in estimating
volume, temperature, and weight than estimating lengths and heights. Based on the present study,
students did score lowest on weight and distances using linear measurement, and scored highest
on temperature and diagonal lengths. Figure 30 illustrates students’ performance on each type of
problem. Note that there are more students that scored 0 on both distance and weight among both
STEM and non-STEM majors. The average on distance was 1.221/3 points and the average for
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Figure 30. Bar graph on the comparison of STEM and Non-STEM students on
different types of measurement estimation problems.
weight was 1.078/3 points. It is surprising to note that temperature, which was hypothesized that
students would do worse on, did the best on with an average of 2.337/3 points. In Figure 29,
there were a higher percentage of students who scored 0/3 points on D (distance) and W (weight).
Also, Figure 30 also illustrates that there were a higher percentage of students who scored 3/3
points under T (temperature), which contradicts the hypothesis. According to the graph in Figure
30, Non-STEM majors were better at estimating distances and weight than STEM majors.
Result 5: Students performed better on the questions in the system the preferred.
As shown in Figure 31, students scored higher in the system they preferred. Students who
favored the metric system scored more 3’s in the metric questions than the U.S. system, similarly
American students scored higher in the U.S. system than on the metric system problems.
Students who preferred the U.S. customary system had a higher percentage score 0/3 points on
the metric system questions. On the other hand, international students performed better on the
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U.S. customary system problems then the metric system problems. Some may argue that the
number of years students has lived in a certain country; they can adapt to the measurement
system and start performing better at it. According to the data, those who lived in the U.S. for
less than 1 year scored an average of 28.75 points out of 48. The highest scoring groups were
those who lived here for 2-3 years, with an average of 31.333 points out of 48, and those who
have lived here for 1 year, with an average of exactly 30 points. The group that scored the lowest
was the one where students lived in the U.S. between 1-2 years, with a mean of 27.250 points.
Those who lived in the United States for 3+ years averaged 29.571 out of 48 points. As shown in
Figure 31, students do start performing better the longer they have been living in the United
States.
C h a r t o f S y s te m P r e f e r e nc e , Q u e s ti o n S y s te m , P o i nts
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Figure 31. Bar graph on students’ performance on different measurement system. A
comparison between what they preferred and the question system.
Student Samples
While reviewing the data collected, there were some unique instances that occurred. In the
figure below, the student seemed to use different labels in his answer than what the problem
asked. This student used millimeters instead of centimeters and used cubic centimeters instead of
cups. The student, whose solution is in Figure 32, is an international student who was a non-
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STEM major, who had lived in the U.S. for more than three years. This student seemed to have
misunderstood what the problem was stating or did not know what the labels meant.

Figure 32. An example of student work for question 1 and 2.
There were some students who did not understand the concept of certain measurements.
Since they did not know, they gave an out of the ball park answer. In Figure 33, this student did
not understand how long a kilometer was. The student whose solution is displayed was an
American non-STEM majored student. Since this student was American, he may not have been
exposed kilometers and did not know what a kilometer was.

Figure 33. An example of student work for question 10.
Some students used different computations to estimate the answer to the problems. Figure
34 shows a student sample
converting temperature from
Fahrenheit to Celsius. As it can be
seen, the student used the estimate
Figure 34. An example of student work on question 7 who
scored 3/3 points.

from part A to answer part B. She
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was able to remember the conversion for Fahrenheit to Celsius. This student was an American

Figure 35. An example of student work for question 7. This student received a 1/3 points on
part (a) of this question.
STEM student. Another student, whose work is shown in Figure 34, tried to do something
similar using a shortcut method, but the attempt was not successful. This could be seen by using
the formula they learned in previous classes. In Figure 35, the student was an international
STEM student, who tried to compute using a ‘short-cut’ method that was not successful. He was
converting from degree Celsius to degree Fahrenheit and at the time of the assessment had lived
in the U.S. for less than one year.
The following is an example of a student that used the Pythagorean Theorem to estimate
the length of a linear segment which he positioned as the hypotenuse of a right triangle. The
student sample shown in Figure 36 was an international STEM student, who lived in the United
States for less than one year. In this case, he took what he remembered in various mathematics
courses and applied it to this estimation question. There was one other student who solved the
problem in this way, who was an American non-STEM student that solved this in the same, and
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scored 3 points. Each student had their own predetermined bench mark. In order to solve this
problem, each student had to create a triangle by dropping an altitude and connecting the altitude
with a base. After creating the altitude and base, the student estimated the length of the altitude
and base and then calculated the hypotenuse by using Pythagorean Theorem.

Figure 36. An example of student work for question 6.
The next two examples of student work depict what was expected to be seen in this
assessment. These solutions are typical students’ ways of estimating the lengths of line segments.
With both of these problems, students used a benchmark in what they believed the unit would be.
Both of these students scored 3/3 points on this
problem. The student sample displayed in
Figure 37 was an American non-Stem student
Figure 37. An example of student work for
question 6

while in Figure 38 was an international STEM
major, who had lived in the U.S. for a little over
one year. Both of these students used the bench
marks they have developed from being exposed

Figure 38. An example of student work for
question 4

to these different units. What was remarkable
was that both of these students scored 3/3 points

on these question in units that were out of their measurement system preference.
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The next student, on the other hand, tried to do something similar, but did not quite make
it up to par, Figure 39. In this student sample, he saw that the line in number 1 was shorter than
the line in number 2. This student answered both questions with “10” even though the question
asked for different units. This student was an international non-STEM major college student. The
student has only lived in the United States for less than one year, so some of the vocabulary was
difficult for this student to understand. In addition, she did not develop a strong background in
the U.S. customary system.

Figure 39. An example of student work for questions 1 and 4
The beauty of mathematics is that there is more than one way to solve a problem. As can
be seen from the student samples, there are several methods to estimate various measurement
estimation problems. Each student had their own way of solving these problems, and as it was
shown, some methods worked and other did not. These students came from different
backgrounds and life experiences that they used to answer the problems.
Survey Analysis
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Besides asking students about their background and demographics, participants were also
asked about the problems and different methods they used. There were a variety of responses for
each question but there were some commonality among the different results.
Question 8: Which problem did you find was the most difficult to estimate? Explain why.
For question 8, patterns became apparent on student responses that seemed to be affected
by their demographics. Many students who were raised in the United States stated that
converting to the metric system was the most difficult for them. These students said that question
7(b) was the most difficult for them because they have never used degree Celsius before, even
though it is taught in the curriculum. In addition, several American students found questions 9
and 11 to be difficult because they did not understand the concept of milliliters and liters when
measuring the volume for water. Several participants from the United States stated that problems
3 and 5 were the most difficult because they did not know what a gram or kilogram were. Finally,
American students had difficulty with distances, thinking abstractly, in both using kilometers and
miles, questions 10 and 13.
Among the international students, many stated that using the customary system proved to
be most difficult. Some students stated that question 14 was the most difficult for them because
they did not know what an inch was, and also one stated that it was difficult using inches when
using the Pythagorean Theorem to solve the problem. In addition, students from different
countries considered question15 difficult because they did not understand what a pound was in
their context. Students who preferred the metric system found it difficult to estimate temperature
used degrees Fahrenheit, which was on problem 7(a) on the assessment. Furthermore, just like
the students from the U.S., international students also found estimating distances to be difficult
as well.
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Question 9: Which one did you find the easiest? Explain why.
As opposed to the problems that seemed to be most difficult for students, there is a
different relationship between the easiest problems. As before, students who grew up using a
certain system seemed to be more comfortable in it and rated those problems the easiest. Other
students stated that question 13 to be easiest because they traveled between Buffalo, NY and
New York City, NY numerous times. An international student stated that 10 was their easiest
question because they made the trip the day before and had a better understanding of the distance.
Some STEM majors stated that question 11, related to capacity in milliliters, was the easiest for
them because they constantly use it in their lab settings. Students found that linear estimation in
their preferred units were the easiest question for them. Several students found that estimating
temperature was easiest for them because they keep track of the weather constantly and created
benchmarks for themselves. Finally, other students stated that volume in liters was easier for
them because they could relate it to a bottle of soda.
Question 10: When estimating, did you relate the measurements to anything in real-life? Explain.
This question offered the students the opportunity to explain how they obtained their
answers. For the linear measurements, students stated that they used their fingers or “metacarpals”
when determining the lengths in both inches and centimeters. Some stated that the width of their
finger was about a centimeter and the length between the tip and the first knuckle was roughly an
inch. Somebody else stated that their thumb was about an inch wide and their pinky finger was
also about a centimeter wide. Another student said that they used their eyes for estimating, while
another used their pen and another imagined a piece of string. For distances, some students travel
between Buffalo, NY and New York, NY often and memorized the distance between the two
cities, while some used rate of driving. Others knew roughly their rate of walking and estimated
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time it takes them to walk and their rate to the local store. A unique real-world relation that was
used was by some males used weights that they used in the gym as a benchmark when estimating
weights, but no female students made the same statement. Several students associated volume
with bottles of soda, and somebody compared it to a bottle of beer. Some students compared
volume to the amount of water they drink in a serving. A few students used the concept that a
paperclip was approximately one gram, both were female STEM students.
These students who participated in this study came from various backgrounds and all had
different experiences to relate to. Each student came from a different area where the material was
taught based on what was important to their society. The American students concentrated more
on the United States customary system and touched on the metric system while the International
students were never taught the U.S. customary system. After the results were analyzed, the data
illustrated that major type and where a student was raised did not influence the performance of
the students. Measurement estimation is important all over the world, and in order for students to
better estimate, teachers also need to help them out.
Implications for Teaching
The hypothesis of this study was that International students would perform better at
measurement estimation than American students. In addition, STEM students would perform at
measurement estimation than non-STEM students. Finally, a majority of the students would
perform poorly at estimating weights and volumes. As it can be seen from the results, no group
of students outperformed the other group significantly. Also from the results, students had more
problems estimating distances and weights, rather than volumes and weights.
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Measurement estimation usually begins in the early years of elementary school. Some
implications that teachers can use from the beginning are as follows:
 Teachers should encourage the creation of benchmarks at an early age.
The reason for this is that students and children can start creating benchmarks for either
unit of measurement. Exposing students to weighing stuff with their hands and having
them relate that it is a gram or a pound will help them in estimating. Teaching students to
use rulers and scales at a younger age will help them develop the necessary skills to be
more accurate in their estimations. Once students learn the necessary skills from tools
used in the lesson, have them practice estimating lengths of objects. After students
estimate the objects, give them the tools they need to determine the actual measurement.
Activities involving measurements and estimation will help reinforce the benchmarks,
and also allow the students the opportunity to improve.
 Measurement estimation should be infused in the curriculum.
In the United States, and in other places in the world, measurements are taught in one unit
once a year. The United States has two separate chapters, one on the metric system and
the other on the U.S. customary system. Since it is only done once a year, depending on
teaching styles and beliefs, students learn their benchmarks once and then forget about
them. Teachers should constantly try spiraling measurement estimation in throughout the
year. Measurement estimation can be incorporated into different units, such as finding
area, fractions, and arithmetic. Allow students to incorporate measurement estimation in
different activities and lessons will continue to enforce the benchmarks learned.
 The United States should integrate the measurement systems when teaching the units.
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The textbooks in the U.S. have 2 separate chapters on the measurement system and each
follows the same order: length, capacity, weight, and temperature. Instead of having
students re-do the same thing but using different units, there should be a chapter on
length using both the U.S. system and the metric system. This way student can do the
labs and lesson once and can create two benchmarks at the same time. Chapters separated
by measurements versus the actual system can help the students remain engaged in one
activity using both systems. Students often become bored when they redo an activity, and
at times they seem confused at relearning the lesson and then having different units
incorporated. In one activity, use both units and have students compare which unit is
larger or smaller and practice with both of them. Students will not become as bored, and
will be able to develop benchmarks in both systems at one time instead two separate
occasions.
 Measurement Estimation should also be incorporated in the middle school and high
school level.
In numerous curriculums, many students stop applying measurement estimation after
lower middle school level. The curricula deals with actual measurements or tell students
to calculate estimate. To keep students up to par with their abilities they learned at the
elementary level, teachers should incorporate different activities or lessons on this topic.
Teachers can also try to incorporate measurement estimation into their lessons, i.e.
developing an equation for the number of tiles needed to retile the classroom. Allow
students to estimate measurements whenever the opportunity comes, and also have them
measure. When students perform activities like this, they can see how accurate they are
and also adjust the benchmarks they created when they were young.
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For the past several decades, the United States has been deciding whether or not they will
convert to the metric system. In case this was to happen, what would happen with students
learning measurements?
 American teachers should prepare students for possible conversion to the metric system.
Teaching the metric system will have to start at a young age. Those who learned
predominately in the U.S. customary system will have to create new benchmarks using
the metric system. More practice would have to be done on all parties, such as teachers,
students, and parents, and hopefully the transition will be smooth. The government and
school administration could take a look at Australia, which converted successfully to the
metric system in seven years instead of ten years as planned.
Suggestions for Future Research
This study concentrated on college students from various backgrounds and different
levels of education. There were previous studies conducted with elementary students and how
well they performed at measurement estimation. For future research, it would of interest to study
and compare the results of elementary, middle school, high school, and college levels. The
results of the performance of students at different levels would help see when students start to
perform badly on estimation problems. This can be taken even further and look at vocational
students and adults working in various fields to see how well they perform.
Due to restrictions of not having a classroom setting, the present study went to students
who had the time to help out. For future research, someone can administer the assessment in an
actual classroom setting and possibly having different stations where students can go and
estimate. In addition, a future researcher can go to different countries and gather results from
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international students at different levels. Of course, that would require some funding. For those
with limited funding, the researcher can go to an ESL classroom, bilingual schools, or
monolingual communities to gather further research from there.
Concluding Remarks
The motivation behind this study was to determine students’ abilities at measurement
estimation and to see if different backgrounds provided different results. Based on the results of
this study, it appears that backgrounds of students do not impact their ability to estimate
measurements. Also, it appears that students have more problems at estimating weights and
distances versus other means of measurement estimations. Measurement estimation is important
for various careers and various activities outside of the work field. Students need to become
proficient in estimating using various systems because of various opportunities to explore the
world. Currently, the Metric system is being used around the world, and the United States is one
of a few countries that have not converted yet. It is a possibility that the United States will
convert, but for now, teachers need to be sure that students know how to measure and also create
their own benchmarks when estimating.

MEASUREMENT ESTIMATION

Melinski 56

References
Abdi, S. W. (2000). Math and metrics. Science Scope, 24(2), 42–42.
Adams, T. L., Johnson, A., & Norris, K. (2007). Math roots: the beginnings of the metric system.
Mathematics Teaching in the Middle School, 12(5), 228-231.
Alajmi, A. H. (2009). Addressing computational estimation in the Kuwaiti curriculum: teachers’
views. Journal of Mathematics Teacher Education, 12(4), 263–283.
Атнасян, Л.С., Бутузов, В. Ф., Кадомцев, С.Ъ., Лозняк, Э.Г., & Юдина, И.И. (1994).
Геометрия: yчебник для 7-9 классов oбщеобразовательных yчреждений [Geometry:
Textbook for 7th-9th grade for public schools]. Москва, СССР: Просвещение.
Booth, J. L., & Siegler, R. S. (2006). Developmental and individual differences in pure numerical
estimation. Developmental Psychology, 42(1), 189–201.
Bullock, M. L. (1954). Systems of units in mechanics-a summary. American Journal of Physics,
22(5), 291.
Chyla, W.T. (2011). Evolution of the international metric system of units SI. Acta Physica
Poloncia, A., 120(6), 998-1011.
Colmer, B. (2006). Guess what...? Australian Primary Mathematics Classroom, 11(4), 29–32.
Fennell, F., Ferrini-Mundy, J., Ginsburg, H. P., Greenes, C., Murphy, S. J., & Tate, W. (1999).
Mathematics: The path to math success! Parsippany, NJ: Silver Burdett Ginn.
Johnson, A., Norris, K., & Adams, T. L. (2007). Math roots: The beginnings of the metric system.
Mathematics Teaching in the Middle School, 12(5), 228–231.
Jones, M. G., Gardner, G. E., Taylor, A. R., Forrester, J. H., & Andre, T. (2012). Students’
accuracy of measurement estimation: context, units, and logical thinking. School Science
and Mathematics, 112(3), 171–178.
Kim, H. (1993). A comparative study between an American and a republic of Korean textbook
series’ coverage of measurement and geometry content in first through eighth grades.
School Science and Mathematics, 93(3), 123–126.
Maletsky, E. M., Andrews, A., Bennett, J. M., Burton, G. M., Luckie, L. A., McLeod, J. C., &
Scheer, J. K. (2006a). Math (Vol. 1). East Kearsley, MI: Harcourt.
Maletsky, E. M., Andrews, A., Bennett, J. M., Burton, G. M., Luckie, L. A., McLeod, J. C., &
Scheer, J. K. (2006b). Math (Vol. 2). East Kearsley, MI: Harcourt.
Monroe, E. E., & Nelson, M. N. (2000). Say “yes” to metric measure. Science and Children, 38(2),
20–23.

MEASUREMENT ESTIMATION

Melinski 57

Montague, M., & Van Garderen, D. (2003). A cross-sectional study of mathematics achievement,
estimation skills, and academic self-perception in students of varying ability. Journal of
Learning Disabilities, 36(5), 437–448.
Muir, T. (2005). When Near Enough Is Good Enough: 8 Principles for Enhancing the Value of
Measurement Estimation Experiences for Students. Australian Primary Mathematics
Classroom, 10(2), 9–14.
Musser, G. L., & Peterson, B. E. (2003). Mathematics for Elementary Teachers: A Contemporary
Approach (6th ed.). New York, NY: John Wiley & Sons.
National Governors Association Center for Best Practices & Council of Chief State School Officers.
(2010). Common Core State Standards for Mathematics. Washington, DC: Authors.
Nelson, R. A. (1981). Foundations of the international system of units (SI). Physics Teacher, 19(9),
596-613.
Новакова, Э. (2004). Методuka: На oбученuето no математuкавначалнume класове
[Methods: Of mathematics teaching of elementary grades]. Пловдив, България: Xepмec.
O'Daffer, P., Charles, R., Cooney, T., Dossey, J., & Schielack, J. (2008). Mathematics for
elementary school teachers (4th ed.). Boston, MA: Pearson Education
Ontario. (2005). The Ontario curriculum, grades 1-8. Toronto, Ontario: Ministry of Education.
Paik, S. Y. (2004). Mathematics curriculum in Korea. Paper presented at ICME10, Copenhagen,
Denmark.
Recent United States metric action. (1971). Congressional Digest, 50(12), 297.
Siegler, R. S., & Opfer, J. E. (2003). The development of numerical estimation evidence for
multiple representations of numerical quantity. Psychological Science, 14(3), 237–250.
Slusser, E. B., Santiago, R. T., & Barth, H. C. (2013). Developmental change in numerical
estimation. Journal of Experimental Psychology: General, 142(1), 193–208.
South Korean Government (2013). South Korean Mathematics Textbook. Seoul, South Korea.
Swan, M., & Jones, O. E. (1980). Comparison of students’ percepts of distance, weight, height,
area, and temperature. Science Education, 64(3), 297–307.
Takahashi, A., Watanabe, T., &Yoshida, M. (2008) The English translation of the Japanese
mathematics curricula in the course of study. Tokyo, Japan: Global Education Resources
United States Department of Commerce (1971). U.S. metric study interim report: A history of the
metric system controversy in the United States. Washington, D.C.

MEASUREMENT ESTIMATION

Melinski 58

Willoughby, S. S., Bereiter, C., Hilton, P., Rubinstein, J. J., Moss, J., & Pedersen, J. J. (2007a).
Real Math Grade 4 (Vol. 1). Columbus, OH: McGraw-Hill.
Willoughby, S. S., Bereiter, C., Hilton, P., Rubinstein, J. J., Moss, J., & Pedersen, J. J. (2007b).
Real Math Grade 5 (Vol. 1). Columbus, OH: McGraw-Hill.

Appendix
Appendix A………………………………………………………………………Student Consent
Appendix B……………………………………………………………………….Instrument
Appendix C……………………………………………………………………….Survey
Appendix D……………………………………………………………………Confidence Table
Appendix E…………………………………………………………………….Scoring Rubric

Appendix A
Student Consent Form
SUNY Fredonia
Thank you for being a part of this study. Please print and sign your name in the space provided to
show that you agree to participate. Remember that signing the form allows Ms. Melinski to use
your data for the research project. All students must participate in class whether they sign this
form or not.

Voluntary Consent: I have read this memo and I am fully aware of all that this study involves.
My signature below shows that I freely agree to participate in this study. I understand that there
will be no penalty for not participating. I understand that I may withdraw from the study at any
time, also without penalty. I understand that my name and any other personal information will be
kept out of the study. I understand that if I have any questions about this study, I may contact Ms.
Melinski at (716) 450-1575 or Ashley.Melinski@fredonia.edu.

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

Student Name (please print): ______________________________________________________

Student Signature: ______________________________________________________________

Date: ________________________

Parent/Guardian Signature: _______________________________________________________
(witness)
Date: _______________________

Appendix B
1. Estimate the length of the line below in centimeters (cm).

2. Estimate the amount of water in the container on the right table in cups (cps.)

3. How much does the container on the left, filled with water, weigh in grams?

4. Estimate the length of the line below in inches.

5. How much does the container of water on the right weigh in kilograms?

6. Estimate the length of the line below in centimeters (cm).

7. A) Estimate the temperature in this room in Fahrenheit (

B) Estimate the temperature in this room in Celsius (

)

)?

8. Estimate the height of the line on the right in centimeters (cm).

9. In the container on the right, how many liters of water is it holding?

Appendix B
10. How many kilometers is it from the entrance of campus to Wal*Mart?

11. Estimate the amount of liquid in the container on the left in milliliters (mL).

12. Estimate the height of the line on the right in inches (in).

13. How many miles is it from Buffalo, NY to New York, NY?

14. Estimate the length of the line below in inches.

15. How much does the container of water on the left weigh in pounds?

Appendix B
Survey Questions:
1. What is your year and major?

2. What is your gender? Circle one.
Male
Female

Choose not to state.

3. What is your ethnicity? (i.e. Caucasian, Hispanic, Asian, African American/Black, etc.)

4. Did you grow up in the United States?

Yes

No

5. If no, where did you grow up?

6. If you are international, how long have you been in the states? Circle one.
Less than 1 year

1 year

1-2 years

2-3 years

3+ years

7. What units are you most comfortable using?
U.S. Customary Units (inches, feet, yards, etc.)

Metric System (cm, m, km, etc.)

8. Which problem did you find was the most difficult to estimate? Explain why.

9. Which one did you find the easiest? Explain why.

10. When estimating, did you relate the measurements to anything in real-life? Explain.

Appendix D
On a scale of 1-5 (1 being not confident, 5 being completely confident) how confident are you in
your accuracy of estimating?
Question Number

Not Confident

Moderately
Confident

Completely
Confident

(1)

1

2

3

4

5

(2)

1

2

3

4

5

(3)

1

2

3

4

5

(4)

1

2

3

4

5

(5)

1

2

3

4

5

(6)

1

2

3

4

5

(7 a)

1

2

3

4

5

(7 b)

1

2

3

4

5

(8)

1

2

3

4

5

(9)

1

2

3

4

5

(10)

1

2

3

4

5

(11)

1

2

3

4

5

(12)

1

2

3

4

5

(13)

1

2

3

4

5

(14)

1

2

3

4

5

(15)

1

2

3

4

5

Appendix E

Scoring Rubric

(1)
(2)
(3)
(4)
(5)
(6)
(7a)
(7b)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

0
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%
100%-75.1%

1
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%
75%-50.1%

2
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%
50%-25.1%

3
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%
25%-0%

TOTAL SCORE: ___________

Each percent represent percent error. The higher the percent error, the lower their score will be.
The higher the score, the more accurate the estimation was. The lowest score someone could
possibly get is 0 and the highest scare someone could get is 48. Each number in the first column
is associated with the question number.

