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A VOLUME CONUNDRUM

Abstract

This research explores misconceptions of high school geometry students related to the
volume of cylinders. Previous research has shown that students often have difficulties
remembering the formula and visualizing the figures. This experiment asked high school
students to answer problems regarding the volume of cylinders and to take a short survey on how
they thought they did on the problems. These problems were then analyzed which showed that
the majority of students did not remember the correct formula and that students who did not
remember the formula used the circumference formula for a circle instead of the area formula or
they created their own formula. From these results, it can be concluded that teachers need to
emphasize remembering the basic volume formula and to read problems carefully.
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Introduction
This research explores misconceptions of high school geometry students related to the
volume of cylinders. Many students have difficulties remembering and understanding volume
formulas, in particular, the volume formula for cylinders. These students may be unable to
visualize the 3-dimensional figure, remember the formula, or remember how to apply the
formula. Due to these various misconceptions, students are unable to fully master this concept.
I was interested in this topic after witnessing several of these misconceptions firsthand.
In my student teaching assignments at two rural schools in the northeast, I taught several sections
of Geometry. At both schools I taught several sections consisting of ninth and tenth graders.
The classes were all about forty-five minutes in length, which did not allow much time to
explore and develop a volume formula or allow time for individual practice. Even with several
explanations, technological demonstrations, and practice problems, students still made various
errors on their quizzes and tests. Due to their poor scores and their numerous questions on the
homework, I found myself describing the process of finding the volume of cylinders repeatedly.
After this continued explanation and further use of manipulatives, both electronic and hands-on,
students gained a better understanding of the material.
After students had such a difficult time understanding the volume formula for cylinders, I
began to question what types of misconceptions they were having. What were the precise issues
they were encountering? Were they not able to visualize the 3-demensional cylinder or not
remember the parts of the formula and what they stand for? Was it something else altogether? I
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felt that as a result of these misunderstandings and lack of understanding their test scores
suffered.
This study focuses on identifying the misconceptions encountered by high school
geometry students when solving problems involving the volume of cylinders.

It is hypothesized that students in a geometry class will use their prior knowledge of
volume and area to find the volume of a cylinder. This will lead to various
misconceptions. Students will perform better on questions that give a figure than those
that require them to create a figure.

This hypothesis was tested by giving students in three sections of geometry a short
worksheet consisting of several problems involving the volume of cylinders. In each section, the
students were given the same amount of time, twenty minutes, to complete the worksheet
individually. One problem included a picture of the cylinder and asked the students to solve for
the volume of the given cylinder. Other problems consisted of word problems where students
were asked to draw a diagram of the cylinder described in the word problem and then asked
either to find the volume or solve for the radius or height. After the students completed the
worksheet, they were graded on correctness. It was also noted where they were making mistakes
and what could have caused these mistakes. Students were also given a survey after completing
the worksheet. This survey asked them to state what they remembered about the volume of a
cylinder, how comfortable they felt answering the questions, and what they had problems with
while completing the worksheet. After examining the results of the worksheet and the survey,
the researcher was able to identify some common misconceptions.
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Literature Review
The purpose of this literature review is to examine the existing research pertaining to the
misconceptions of high school geometry students related to the volume of cylinders and
subsequent teaching techniques. First, general geometry misconceptions are examined, as are
volume specific misconceptions. The technology approaches section will review studies related
to incorporating technology into the geometry classroom. After the technology section, current
teaching approaches are studied. This section entails teaching area and volume in general, and
teaching the volume of cylinders.
Geometry Misconceptions
Previous learning often affects a student’s ability to learn new concepts. Sometimes this
learning leads to misconceptions. Several researchers have studied specific geometric
misconceptions that students have (Ada & Kurtuluś, 2010; Gal & Linchevski, 2010; Gough,
2008). Based on these studies, the researchers provide several ideas on how to resolve these
misconceptions.
Some misconceptions are formed from difficulties in visual perception (Gal &
Linchevski, 2010). Many reports had been done on the struggles students encounter with basic
concepts such as the characteristics of angles, triangles and quadrilaterals, as well as more
advanced concepts such as proofs. Therefore a study was performed to determine how
perception played a role in these difficulties.
Label the right angle.
An example question from this study’s quiz is
shown in Figure 1. The question asks students
to label the right angle of a triangle. Gal and
Linchevski found that most students fail to

Figure 1: Example Question. Adapted
from To see or not to see: analyzing
difficulties in geometry from the
perspective of visual perception;
Educational Studies in Mathematics (p.
174) By Gal & Linchevski, 2010.
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achieve a dimensional construction of geometrical figures. This construction confusion results in
the inability to develop mathematical properties. Students found it difficult to distinguish
important visual characteristics from those that are not. The authors suggested that teachers try to
understand that these visual perception issues exist and to provide students with strategies to
cope with them. One such strategy is to provide students with activities to be able to construct
figures. Visualizing figures are key to understanding many geometric concepts including
transformations.
Student misconceptions have been related to transformational geometry (Ada & Kurtuluś,
2010). They explored the errors students made when taking a test on transformations. Many
students made mistakes related to rotation problems. These mistakes involved the
misapplication of the rotation formula, procedural mistakes, as well as a few others. The results
showed that students had a poorer performance on conceptual questions than procedural
questions regarding rotations and translations. From these results, Ada and Kurtuluś stated that
students understood the algebraic meaning of translations and rotations, however, they did not
know their geometric meaning. Due to misconceptions from previous geometric lessons,
students were not able to fully understand rotation transformations. A few suggestions the
authors gave are to emphasize the importance of the geometric meaning of rotation, to assign
students more exercises related to rotations, and to support a
rotation lesson with dynamic geometry software.
An article on several common misconceptions junior high
and high school students hold about mathematics by written by
Gough (2008). These include difficulties with length, area,
and volume. The author offers example questions on each

Figure 2: Triangular Prism.
Adapted from Diversions: fixing
misconceptions –length, area and
volume: Australian Mathematics
Teacher (p. 35) By
Gough, 2008.
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misconception and shares an intervention method(s) to help the student overcome it. One such
misconception is that of the volume formula of a triangular prism, see figure 2. The given
scenario states that a student believes that the volume of a “wedge” shape is found by using the
following formula,

. Gough then gives several

intervention ideas including giving an example of a tent inside a room and cutting a tent out of
cheese. By creating these examples, the author believes that the students will be able to see the
error in their thinking. Many of the interventions given in this article are hands-on applications
of geometry.
Several studies on geometrical
misconceptions have been performed (Ada
& Kurtulus, 2010; Gal & Linchevski,

Common Difficulties for High School Geometry
Students
 Construction of geometrical figures
 Distinguishing of visual characteristics
 Misapplications of formulas
 Use of rotations
 Perceptions of geometric figures

2010; Gough, 2008). The most common
misconceptions can be found in Figure 3.
Each article provided reasons as to why the
errors occurred and ways to clarify the
misconceptions. One important resource
teachers can use to help with student

Common Misconceptions of High School
Geometry Students
 Area is always larger than perimeter
 Areas of “lopped” figures
 Volume of a “tented” triangular prism is
 found using the same formula for a wedge
Triangular prism
 Geometric definition of rotations
Figure 3: Common Difficulties and Misconceptions
of High School Geometry Students

misconceptions is technology.
Technology Approaches
Technology can play a vital role in students’ understanding of many geometrical
concepts. Several articles have been written regarding the inclusion of technology in geometry
lessons (Abdullah & Zakaria, 2011; Baki, Kosa, & Guven, 2011; Guven & Karatas, 2009;
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Khairulanuar, Nazre, Jamilah, Sairabanu, & Norasikin, 2010). Technology can appear in a
variety of ways, including interactive white boards and
software programs.
According to Guven and Karatas (2009), dynamic
geometry software has been used progressively more often
while teaching geometry. Dynamic geometry software
includes Cabri and Geometer’s Sketchpad. Figure 4
shows an example of what one can create using dynamic
geometry software. One feature of this software is
specifically helpful to geometry teachers. After creating a

Figure 4: Example of Figure
Made Using Cabri.

construction, a student can move certain elements of it. Meanwhile, the whole construction
maintains specified constraints. This feature allows students to investigate the truth of certain
conjectures and pose and test their own conjectures. More importantly, this feature allows
exploration into the conjecturing process. All in all, dynamic geometry software encourages
students to research geometry. The software allows students to control their learning and
discover new topics on their own. Guven and Karatas (2009) end by stating that teachers must
make geometry “real” by having students explore geometrical situations. This can be done by
using dynamic geometry software as a helpful resource along with physical examples. While
this technology can be very helpful to students, it is up to the teachers to include them in their
lessons.

Abdullah and Zakaria (2011) believe that there are many learning aid technology tools
that can assist the learning process. They say that one of the most difficult things teachers have
to handle is how to plan lesson activities that can help students understand geometric concepts.
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In their study, they used Van Hiele’s phases of learning geometry and Geometer’s Sketchpad to
create geometric activities to help students improve
their understanding of transformations, see example
in Figure 5. Van Hiele’s phases are visualization,
analysis, informal deduction, deduction, and rigor
(Abdullah & Zakaria, 2011). Abdullah and Zakaria
asked students to use Geometer’s Sketchpad and
specific activities designed to move them through
each phase. After participating in the study students

Figure 5: Example of Geometer’s
Sketchpad.

were given a questionnaire. The majority of students believed that activities were easy to
execute, helped them learn geometric topics, and were enjoyable. The students also said they
would enjoy having these activities integrated into other topics and that the activities increased
their interest in other topics. Students also stated that Geometer’s Sketchpad was easy to use and
helped them grasp concepts more easily. From these results, the authors deducted that
Geometer’s Sketchpad could be used to make learning activities more efficient and more
enjoyable.
Another research study used dynamic geometry software to study students’ learning on
2D/3D geometry (Khairulanuar, Nazre, Jamilah, Sairabanu, & Norasikin, 2010). In this study
specific groups of students were allowed to learn about 2- and 3-dimensional objects in three
different ways. The first group used a software program that allowed them to twist, pan, roll,
and zoom the virtual objects. The second group’s lesson only included animations, while the last
group used printed materials. A test was then given to measure the students’ understanding of 2and 3-dimensional objects. The results showed that students in the interaction group performed
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better than the other groups. However, those students who were showed the animation had a
mean score very close to the interaction group. The printed materials group had the lowest mean
score out of the three groups. From these results, the authors concluded that while all of the
students had considerably improved their understanding of 2D and 3D objects, the interaction
group and animation group seemed to have gained the most understanding. The authors stated
that by using dynamic geometry software students gained a greater understanding of geometry.
As modern technology progresses,
educational technology follows. A new
geometric software program called Geogebra is
often helpful in the classroom setting
("Geogebra," 2012). This is a free program
that allows students to easily create and
manipulate geometric figures. An example of
an inscribed triangle in a circle is shown in
Figure 6. The example is just one of thousands

Figure 6: Example of Figure made in
Geogebra

of different figures and diagrams a user can
create. All of its graphic, algebra files, and
tables are connected and fully dynamic. It also
has easy-to-use drop down menus which allow
it to be used by a variety of students.
Another important technology tool is
Wolfram Alpha. This site is not just built for
mathematics or geometry but can prove to be a

Figure 7: ‘Cylinder’ Search Results on
Wolfram Alpha
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very helpful tool. Wolfram Alpha uses knowledge that was established by experts to create a
specific answer to every inquiry ("Wolframalpha," 2012). Simply enter the topic and the website
will interpret the input and generate mostly numeric results. Once answers have been calculated,
a user can browse the screen and form new inquiries. An example of the answer to the search
“cylinder” is show in
Figure 7.
The Ipad has also
become a popular tool for
students to use.
Geogebra and Wolfram
Alpha can be used on the Ipad, however

Figure 8: Example of Geometric Shapes
from the HMH Fuse

there are also many more
apps available. One such app
is called HMH Fuse. It uses
direct instruction, ongoing
support, assessment, and
intervention which allows
teachers to help personalize instruction

Figure 9: Example of Cones and
Triangles with Geometry Pro

("Hmh fuze," 2012). Students are able to
follow lessons on screen while working on example programs and using interactive activities, see
Figure 8. Another interesting app is called Geometry Pro (Feldman, 2012). It provides solvers,
examples, and tutorials on a variety of geometric topics. Sample screen shots can be seen in
Figure 9.
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Technology can play an important role in the development of geometric concepts. In
particular, dynamic geometry software can allow students to take a more hands-on approach to
their learning. Research has shown that students tend to enjoy using computer software to learn
new concepts and that they more easily understand these concepts. When examining the use of
technology, many activities and lessons can be found. However, the use of technology is not the
only way to increase understanding in the geometry classroom. Many other approaches are
available to teach geometry.
Current Teaching Approaches
Teaching geometry
There are many approaches to teaching geometry. There are also many different studies,
articles, and books that explain these approaches ( Battista, 2009; Canadas, Molina, Gallardo,
Martinez-Santaolalla, & Penas, 2010; Herbst, 2006; Ji-Won & Sinclair, 2010; Kuzniak &
Rauscher, 2011; Rowlands, 2010; Shannon, 2002). Several articles discuss approaches for
specific areas of geometry while others are more general (Furner, Yahya, & Duffy, 2005; Fuys &
Liebov, 1997; Hoosain, 2010; Zembat, 2007).
One such article discusses specifically the teaching of areas of polygons (Hoosain, 2010).
The author begins by explaining that many studies have shown that measurement is a
challenging concept for American students, especially area. The article goes on to explain two
possible sequences in teaching areas of polygons. The first, the conventional sequence, is the
more traditional sequence. First, the teacher starts with a rectangle and establishes the formula
, and explains that a square is a special rectangle. Then, the parallelogram is addressed
and it is explained that a rhombus is a special parallelogram. From here, the triangle area
formula can be explained by using a parallelogram. Finally, four possible ways to deduce the
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trapezoidal area formula are given. The article then states reasons that this order of lessons may
not be the most beneficial; the most important reason is that the relationships between the
formulas may not be recognized by the students. Therefore, students have to memorize several
formulas. The author proposes a second, alternative sequence to combat this issue. In this
sequence, the teacher assumes the area formula for a trapezoid. Then, a rectangle is a special
trapezoid and a triangle is a “degenerate” trapezoid (p. 40). Therefore in this sequence, the
formulas for the rectangle, parallelogram, and triangle are derived from one formula. Therefore
students can recognize the relationships between the formulas and only memorize one main
formula. However, this process may require more hints and questioning by the teacher. This
article states two approaches to teaching the same topic, both with strengths and weaknesses.
An approach to teaching the volume formula for rectangular right prisms was studied by
Zembat (2007). The study focused on developing the meaning of volume of rectangular right
prisms. The author stated that teaching area and volume by just formulas does not make sense
for most students. By developing a sense of the concept of volume, students will be better able
to solve related problems. In the activity presented, students are given an open right rectangular
prism and asked to fill up the base layer with unit cubes. Then they are asked to add up the
number of layers until the box is filled. By reflecting on the activity students were able to
discover the volume formula. The author believes that even if the students forget the formula,
they will remember the activity and then be able to recreate the formula again. This process
would create a more meaningful and helpful lesson.
From the previous articles, it has been shown that many students display a lack of
understanding of underlying concepts in mathematics. Due to an emphasis on skill development
and little attention on concepts, students have various types of misconceptions (Fuys & Liebov,
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1997). Students should develop multiple representations of concepts to overcome
overgeneralization (Fuys & Liebov, 1997). Students are better able to learn geometry when they
use models, diagrams, and computer software ( Furner, Yahya, & Duffy, 2005). Teachers may
also want to present both examples and nonexamples of a concept. By giving these types of
examples, it will allow students to remove irrelevant features and identify important ones (Fuys
& Liebov, 1997). Teachers should also encourage drawings to help students visualize problems,
particularly word problems (Furner, Yahya, & Duffy, 2005).
There are a variety of techniques research has found to encourage a greater understanding
of geometry in students. Many of these techniques can be translated to various topics within the
subject. In particular, many of the activity based approaches will work well with other topics,
including the topic of volume.
Teaching volume of cylinders
The volume of cylinders can be introduced in a variety of ways. Most textbooks explain
the volume of a rectangular prism and triangular prism before delving into the formula for a
cylinder (Bennett, Chard, Jackson, Milgram, Scheer, & Waits, 2004, 2005; Dressler & Keenan,
1998; Glencoe McGraw-Hill, 2005; Haenisch, 2005). These textbooks also use a variety of
example and practice
problems to explain
the formula (Burns &
Price, 2002; Fick &
Kuchey, 2011;
Shallcross, 2003).
As stated

Figure 10: Example Problem. Adapted from Integrated
mathematics: Course I ( p. 126). By Dressler & Keenan, 1998.
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before, several textbooks teach the volume of rectangular and triangular prisms then explain
cylinders. Many of these
textbooks only state the
formula, with very little
explanation (Bennett,
Chard, Jackson, Milgram,
Scheer, & Waits, 2004,

2005; Dressler & Keenan,

Figure 11: Table Given in Textbook. Adapted from PreAlgebra (p. 307) By Bennett, Chard, Jacson, Milgram, Scheer,
1998; Glencoe McGraw& Waits, 2004.
Hill, 2005; Haenisch, 2005). Dressler and Keenan (1998) give a definition of a right circular
cylinder. They go on to explain that the volume can be found by multiplying the area of the
base, B, by the
height, h. The
formula is then
written as

.

Then, an example is
given, as seen in Figure

Figure 12: Diagram Given in Textbook. Adpated from
Geometry. (p. 384) Haenisch, 2005.

10. In two separate
textbooks, Bennett, Chard, Jacson, Milgram, Scheer, and Waits (2004, 2005) state that finding
the volume of a cylinder is similar to finding the volume of a prism. They then state that the
volume formula is

, since the area of a cylinder’s base is

. The textbook does

not state why the formula is true. After the formula is given, one example is explained. A table
from the textbook can be seen in Figure 11. In another textbook, the volume formula for a
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cylinder is explained through the diagram given in Figure 12 (Haenisch, 2005). After the given
diagram, an example problem is given.
A different
approach to explaining
volume was taken by
Saxon (1996). The
textbook begins by
explaining the definition

Figure 13: Examples of Prisms. Adapted from Chapter 2. Advanced
mathematics: An incremental development (p. 16). By Saxon, 1996.

of a cylinder and the different types of cylinders, such as elliptical, right circular, and oblique.
Pictures of these types are included in the section. The author then explains the definition of a
right triangular cylinder and right rectangular cylinders. These are explained as cylinders that
can be called prisms since their
base is a polygon. The diagram
of these figures is shown in
Figure 13. After discussing the
different types of cylinders
(prisms), the author introduces a

Figure 14: Definition of Volume of Cylinders and
Prisms. Adapted from Chapter 2. Advanced
mathematics: An incremental development (p. 17).
By Saxon, 1996.

statement about the volume of a cylinder, see Figure 14. The textbook also states that since a
prism is a special type of cylinder, the statement also applies to prisms.
A few textbooks use physical examples to teach students the volume of cylinders
(Glencoe McGraw-Hill, 1999a, 1999b). In these books, a cylinder is described by using stacks
of coins. For example, “to find the value of a stack of quarters, you multiply the value of one
quarter, 25¢, by the number of quarters in the stack” (p503). Figure 15 shows the related
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diagram. Next, the formula for the volume of a cylinder is given in
both words and in symbols along with a model, as show in Figure
16. After these explanations, several example problems are given.
There are various approaches to teaching geometry,

including the teaching of the

Figure 15: Diagram from Textbook. Mathematics
applications and connections course 2 (p. 503). By
Glencoe McGraw-Hill, 1999a.

volume of cylinders, as seen
in Figure 17. Each of these
approaches has its
advantages and
disadvantages, and each
may address various student

Figure 16: Volume of a Cylinder. Mathematics
applications and connections course 2 (p. 503). By
Glencoe McGraw-Hill, 1999a.

misconceptions. There are also
several ways to help students
overcome these misconceptions.

Textbook

Technique

~ Explains right solids
Dressler & Keenan
~All solids have the same
(1998)
volume formula,
Bennett, Chard,
Jacson, Milgram,
Scheer, & Waits
(2004)
Bennett, Chard,
Jacson, Milgram,
Scheer, & Waits
(2005)

Disadvantages
Base and height of
cylinders are difficult
for students to
discover on their own.

Advantages
Only one formula for
students to remember.

~ States volume of a cylinder
formula,
~Gives one example

No explanation as to
why this is the
formula.

Students are given the
more explicate formula
and show its use.

~Examples of types of prisms.
~Chart explaining formula in
words, by example, and in
formula.

No development of
the formula. No
explanation as to why
this is the formula.

Students are given a
more explicate formula,
shown how to use it,
and given it in words.
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Haenisch (2005)

Saxon (1996)

Glencoe McGrawHill (1999)

Glencoe McGrawHill (1999)

~Explains prisms
~Visual with words gives
volume formula for different
prisms

Students may be
confused by the area
of the base.

Compares different
prisms and their volume
formulas and describes
the volume formulas.

~Explains many different
types of cylinders.
~Explains volume of
cylinders and prisms in
words.

No explanation as to
why this is the
formula. Formula not
given in symbols.

Students are given a
broader view of types of
cylinders.

~Explains cylinders including
the area of the base.
~Explains volume in words,
symbols, and a model.

Does not connect the
volume of cylinders
to the volume of other
prisms.

Students are given a
more explicate formula,
shown how to use it,
and given it in words.

Students may be
confused by the area
of the base.

Connects the volume of
cylinders to other
prisms. Students are
given a more explicate
formula, shown how to
use it, and given it in
words.

~Explains volume of prisms.
~Explains volume of
cylinders in words, symbols,
and a model.

Figure 17:
Overview of Textbooks

By studying what types of misconceptions students have when finding the volume of a
right cylinder, new teaching approaches may be implemented to help future students. In such
study, a group of students would be required to solve a word problem related to finding the
volume of a right cylinder. By examining where and when students had the most difficulties,
new information about student misconception may come to light. A more detailed explanation
of the implementation of such a study is presented in the following section.
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Experimental Design and Data Collection
This experiment was designed to test the hypothesis that tenth grade geometry students
would use prior knowledge to solve problems related to the volume of a cylinder and various
misconceptions would be revealed. During the experiments, students were asked to complete a
worksheet consisting of several problems about the volume of cylinders. Their solution methods
were analyzed to determine the ways in which they chose to solve the problems and their
accuracy. After completing the worksheet, students took a short survey.
Participants
This study was conducted at a rural junior/senior high school in the northeast. The
schools overall population in 2009 was 3,903. The racial profile of the population was 98
percent white, with less than one percent reporting in either the black, Hispanic, Asian, or other
classifications. The district’s total population was 765 during the 2009-2010 school year. These
students resided in the village and several surrounding towns. The districts racial profile was
similar to that of the community; one percent of students reported a classification of Hispanic as
did one percent of Asian. About eight percent of students were eligible for free lunch and six
percent received reduced-price lunch.
At the junior/senior high school, classes met with the same geometry teacher for fortyfive minutes each day. The average class size was about fourteen students, with a total of fortytwo students taking part in the study. The majority of students in the three Geometry classes,
twenty-six students, were sophomores. There were also three juniors that were either repeating
the course, had taken Algebra the previous year, or had taken Introduction to Geometry. The last
group of students was ten freshmen that were advanced out of 7th grade. They had taken Algebra
the previous year. There were twenty-two female students and twenty male students. The first
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class had fourteen students, the second fifteen students, and the third thirteen students. All of the
students in the study were reported as white.
Design
This experiment was conducted in one day during the third quarter of the 2011-2012

Figure 18: Worksheet Given to Subjects
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school year. The experiment consisted of a worksheet followed by a short survey. The
worksheet consisted of seven problems and was administered before teaching the lesson on
volume of cylinders. After finishing the worksheet, students were asked to complete the survey.
The survey included four questions and was used to determine the students’ knowledge of the
volume formula of a cylinder, their comfort level with the process of finding the volume, and
how they felt they did on the worksheet.
Instrument Items and Justification of Items
The worksheet problems were designed to assess the students’ knowledge of finding the
volume of cylinders. The worksheet problems are found in Figure 18. Problems 1 and 6,
allowed students to see a picture of the cylinder in question and assessed their use of the volume
formula. These problems appeal to those students who are more visual and have a difficult time
visualizing the object with only written words. Problems 2, 3, and 4, assessed students’ ability to
create their own cylinder image and find its volume. These questions may prove to be more
difficult since many students have problems visualizing an object from a word problem. In
problem 3, students were asked to find the volume of a right rectangular prism to determine if
students remember the basic volume formula,

. If students have a hard time

remembering this basic formula then they will most likely have a hard time remembering the
volume formula for a cylinder. Problem 4 asked students to find the radius when given the
volume and the height. This problems asks students to do the opposite of all the other questions,
as it gives the volume and asks students to find one of the missing measurements. Problem 5
served several purposes: to assess whether students can find the diameter and then find the
volume. It also gives students a story to set up the problem. The story content may be helpful
for some students while for others it may be more confusing.
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The survey questions were designed to obtain information from the students in regards to
their view of volume and cylinders. The survey questions are found in Figure 19. Question 1
was designed to determine if the students remember what the formula for the volume of cylinder
is and what each variable stands for. Question 2 was designed to determine how students felt
they did on the two specific types of questions. While question 3 was intended to reveal how
well the students felt they understood the process of finding the volume of cylinders. Lastly,
question 4 was designed to investigate what students felt they did not understand or what
confused them.

Figure 19: Survey Given to Subjects
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Data Collection and Methods of Data Analysis
The data for this experiment were collected through analysis of the quiz and survey
described above. To analyze the quizzes a rubric was used. This rubric can be found in Figure
20. Three points for each correct solution, two point for
correctly using the volume formula but making an
arithmetic error, one point for making two arithmetic errors
or using Pi in a formula, and zero points for using the
wrong formula. The scores of these quizzes were then
organized in tables to be used for analysis. After scoring
the quizzes, each problem was analyzed individually.

Correct
Solution
Arithmetic
Error
Two Arithmetic
Error or Using
Pi in a Formula
Incorrect
Formula

3 Points
2 Points
1 Point
0 Points

Figure 20:
Rubric for Worksheet

Quiz answers were grouped according to correctness and then by different conceptual mistakes,
such as using circumference instead of area and using a form of the surface area formula. The
answers were also examined according to gender and correctness, and diagram versus no
diagram and correctness.
Responses to the survey questions were also organized in tables for further analysis. The
first question was organized into three categories: ‘incorrect response’, ‘formula
without/incorrect variable representations’, and ‘formula with correct variable representations’.
Question two was tallied into two categories that were ‘problems that showed a picture’ and
‘problems that did not show a picture’. The third question was tallied into the five scale
categories. The final question was meant to examine what the students did not understand about
the volume of a cylinder. These answers were grouped into categories according to the answers’
similarities. Further information on the quiz and survey analysis can be found in the results
section.
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Results
Quantitative Statistical Quiz Results
After analyzing the data collected from the three classes’ quizzes, four major results
emerged. These results support the hypothesis that high school students in a geometry class will
use their prior knowledge of volume and area to find the volume of a cylinder. The use of prior
knowledge will lead to various misconceptions. These misconceptions include the students
having difficulties remembering the basic formula for volume is

and inputting the wrong

information into the formula.


The majority of students did not remember the correct formula for the volume of a
cylinder. Students did not remember the formula for the volume of a cylinder is
. Although they were taught the correct formula the previous year, only ten out of
the forty-two students surveyed, or 23.8 percent, remembered the formula correctly.



Students scored higher on problems that included a diagram. Students scored more
one’s and three’s on the two questions that had a diagram, than the questions that
required students to create their own. The average score for students on problems with a
diagram was about 0.988 out of 5. The average score for students on problems that
required students to create a diagram was about 0.817 out of 5. The p-value for problems
with a diagram was 0.9996 and the p-value for problems without a diagram was 0.694,
neither of which were significant. On the survey, students suggested that it was easier to
do the problems that had a diagram than creating diagrams on their own.



Students who did not remember the correct formula used the circumference
formula for a circle instead of the area formula or they created their own formula.
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Nine students out of the thirty-two students who did not remember the correct formula
used the circumference formula for a circle instead of the area formula. Other students
used a combination of both the circumference formula and the area formula, or they did
not answer the problem.


Female students scored higher on the quiz than male students.
The twenty female students had a higher overall average on the quiz than their male
peers. The average female score was a 4.65 or 46.5 percent. The twenty-two male
students had an average of 4.55 or 45.5 percent. The correlation was on significant.

The overall results are also shown in the following table, Figure 21. Also, these main results can
be further examined by exploring each question of the quiz and survey.

Problem
1) For the following right
circular cylinder, find
volume, when h=60cm
and r=3 cm. (diagram
given)
2) Given a right circular
cylinder, let the radius be
18 inches and the height
be 2 feet. Find the
volume.
3) If the height of a right
rectangular prism is 12
feet and base has an area
of 63 square feet. What is
the volume?
4) The volume of a right
circular cylinder is 586
cubic centimeters and the
height of the cylinder is
4.6 centimeters. What is
the radius of the base to

Overall
Average Score
out of 5

1.33

0.9762

0.8571

0.6190

Female
Average

1.3

0.9

0.85

0.65

Male
Average

Most Common
Errors

1.3636

Wrong formula and
used circumference
formula instead of
area of a circle

1.0455

Wrong formula and
did not convert
height from feet to
inches

0.8636

Wrong formula,
used surface area
formula, and did not
insert area of the
base correctly

0.5909

Wrong formula and
were unable to
insert the given
information to find
the radius

24
A VOLUME CONUNDRUM
the nearest tenth?
5) Brooke and Tim are
going to the movies and
they want the most
popcorn they can get for
their money. First they
need to know the volume
of the popcorn canister. In
the popcorn canister seen
below, the diameter is half
the height. What is the
approximate volume of the
canister? (Figure given)

0.8095

0.95

0.6818

Wrong formula and
forgot to half the
diameter

Figure 21
Overall Results of the Quiz
Quiz Questions Results
Each question of the quiz had
different results but one major theme.

1. For the following right circular cylinder, find volume,
when h=60cm and r=3 cm.

Students did not confidently remember
the volume formula. After analyzing
each students’ quiz and comparing the
solutions and answers, the following was
discovered.

Figure 22: Statement of Question 1
Overall Average
Score

1.3333

Score of 0

30% of students

Score of 1

40 % of students

score of 1 on this question. About thirty percent of

Score of 2

5% of students

students scored a zero and about twenty-five percent

Score of 3

25% of students



Question 1 (Figure 22):
About forty percent of students received a

of students scored a three. Only five percent scored a
Figure 23:
Question 1 Statistics
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two. When comparing the scores by gender, twenty percent of males scored a three while only
13 percent of females did so. Only males scored a two (12 percent). Ten percent of males
scored a one and 17 percent of females scored a one.
Overall, common errors included not using the correct formula. Although, many
students did remember that Pi was used in the formula. Over half of students used the
circumference formula for a circle instead of the area formula. Similarly, students multiplied the
correct formula by two, which seems to stem from the circumference formula. Another common

Figure 24 : Sample Student Solutions to Question 1: Errors (from left to right) Correct Solution,
Circumference, Multiplying by Two, Surface Area
mistake was using addition in the formula instead of only multiplication. Students did not seem
to remember the basic,



formula and instead used a form similar to surface area.

Question 2 (Figure 25):
Over half the students received a one on

this question (fifty-five percent). The next majority scored
a zero (thirty percent) and fifteen percent of student scored

2. Given a right circular cylinder,
let the radius be 18 inches and the
height be 2 feet. Find the volume.
Figure 25: Statement of Question 2
Overall Average
Score

0.9762

Score of 0

30% of students

Score of 1

55% of students

Score of 2

15% of students

Score of 3

10% of students

a two. Lastly, only ten percent of students received a
three. When comparing the scores by gender, more males
scored a three than females, twelve percent and three
percent respectively. Thirty percent of males scored a two
while twenty percent of females scored the same. More

Figure 26:
Question 2 Statistics
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females scored a one than males, sixteen percent and ten percent
respectfully. Only
six percent of
males and five
percent of females
scored a zero.
Overall, the

Figure 27: Sample Student Solutions to Question 2: Errors (from
left to right) Correct Solution and Incorrect Height Value

most common error was not using the correct formula. However, even if they did use the correct
formula many students did not convert the height from feet to inches. This resulted in an
incorrect response which was scored as a two. About half the students did create a correct
diagram and the other half did not create one at all or it was
drawn incorrectly.


3. If the height of a right
rectangular prism is 12 feet and
base has an area of 63 square feet.
What is the volume?

Question 3 (Figure 28):

Figure 28 : Statement of Question 3
About sixty percent of student received a zero
for this question. Only about fifteen percent of student scored

Overall
Average
Score

one and no students scored a two. The rest, about twenty-five

Score of 0

percent, scored a three. The scores when comparing genders

Score of 1

were about even if students scored a zero or a three.
However, more males scored a one than females.

This question asked students to find the

0.8571
60% of
students
15% of
students

Score of 2

0% of students

Score of 3

25% of
students

Figure 29:
Question 3 Statistics

volume of a right rectangular prism. The most common error was not remembering the volume

27
A VOLUME CONUNDRUM

Figure 30 : Sample Student Solutions to Question 3: Errors (from left to right) Correct
Solution, Use of V=lwh, Surface Area(bottom)
formula for a rectangular prism. This question was asked to see if students could remember the
formula for the rectangular prism better than the formula for the cylinder. From these results, it
can be seen that students have a hard time remembering either. Some students used the formula
for the surface area of a rectangular prism. While others knew that the formula was

,

but did not insert the area of the base that was given to them. Instead they left one of the
variables blank. This question required students to draw their own diagram. Fewer students drew
a diagram for this question than for question two.


Question 4 (Figure 31):
More than half the students, fifty-eight

percent, received a zero on this question. About twentyfive percent received a one, three percent received a two,

4. The volume of a right circular
cylinder is 586 cubic centimeters
and the height of the cylinder is 4.6
centimeters. What is the radius of
the base to the nearest tenth?
Figure 31: Statement of Question 4
Overall
Average Score
Score of 0

58% of students

females and more females scored a one than males. Only

Score of 1

25% of students

females scored a two but more males scored a three.

Score of 2

3% of students

Score of 3

14% of students

and the rest, a three. More males scored a zero than

0.619

Figure 32:
Question 4 Statistics
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This question required students to find the radius of the base after being given the
volume and the height. Again many did not use the correct formula. However, only a few of
those who did have the correct formula were able to answer this correctly. Students had
difficulty using the formula to find a part, like the radius, rather than finding the whole volume.
They were unsure as to what values to substitute into the equation. Also, students were not
given a diagram and fewer students created one.

Figure 33: Sample Student Solutions to Question 3: Errors (from left
to right) Correct Solution, Similar to Surface Area, Circumference
(bottom)



Question 5 (Figure 34):
More than half

of the students (55%) received
a score zero for their solutions

5. Brooke and Tim are going to the movies and they want the most
popcorn they can get for their money. First they need to know the
volume of the popcorn canister. In the popcorn canister seen below,
the diameter is half the height. What is the approximate volume of the
canister?

to this question. Almost
twenty-five percent scored a
16
one, about five percent scored
a two, and the rest, about
fifteen percent, scored a three. More males than females scored

Figure 34: Statement of Question 5

a zero, about fifteen percent to eight percent respectfully. About twelve percent of females
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scored a one while only five percent of males scored a one. Almost thirty-three percent of males
scored a two and about ten percent of females scored a two. Lastly, more females scored a three
than males, nine and five percent respectfully.
Overall Average
Score

0.8095

This question gave students more content

Score of 0

55% of students

with the problem. The cylinder was a popcorn container

Score of 1

25% of students

and students were to find the volume of the canister to see

Score of 2

5% of students

how much popcorn it would hold. Again, most students

Score of 3

15% of students

did not remember the formula and many did not even put
anything down for an answer. If they did give a solution,

Figure 35
Question 5 Statistics

a few forgot to halve the diameter
to find the radius to be four. So
instead they used the formula with
the radius as eight. This confused
quite a few students.
Figure 36: Sample Student Solutions to Question 3: Errors
(from left to right) Correct Solution and Incorrect Radius
Survey Question Results
The three questions on the survey showed that students did not remember the formula and
that they were not very confident in their knowledge of this subject. The answers to question
number two, about diagrams, were widely varied.

30
A VOLUME CONUNDRUM



Question 1 (Figure 37):

1) What is the formula for the
volume of a cylinder? Explain
what each variable stands for.

This question asked students to write the
volume formula for a cylinder. Only ten out of the

Figure 37: Statement of Question 1
forty-two students were able to correctly state the
Correctly state
the formula

24% of students

Common Errors

Substituting
circumference
formula for area
and using the
surface area
formula

formula. Other answers included substituting the
circumference formula for the area of the base
formula, using variations of the surface area
formula, or writing nothing at all. These answers
confirm the students solutions on the worksheet.



Figure 38
Question 1 Statistics

Question 2 (Figure 39):

This question asked students if they did best on the
questions that were accompanied by a diagram or those

2) What questions do you think
you did best on: those that showed
a picture of the cylinder or those
that did not? Why?

that were not. These answers were varied but fell mostly
into four categories: they did best with a diagram given
(forty-eight percent), they did equally poor on both
(twenty-nine percent), they did equally well on both

Figure 39: Statement of Question 2
Best with a
diagram given

48% of students

Poor on both

29% of students

Well on both

12% of students

No answer

<1% of students

(twelve percent), no answer (less than one percent). Many
stated that
they did better when given a picture, however almost as
many stated that it did not matter. Others stated that they

Figure 40
Question 2 Statistics

did poor on all of the problems since they did not remember the formula. Other students stated
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that it did not matter if there was a diagram because they could create their own easily enough.
The last group stated that they did better with no picture and would create their own.


Question 3 (Figure 41):
This question asked student to rank their

understanding of the volume of cylinders from one to
five, with one being the least and five being the most.
These results were widely varied. The most students
gave themselves a three, twenty-nine percent, which
means they were not confident that they understood it

3) Rate your understanding of the
process of finding the volume of
cylinders on a scale of 1 to 5, with
1 being least amount of
understanding and 5 being greatest
amount of understanding.
Figure 41: Question 3
Rate of
understanding

Percent of students

5

5%

4

12%

3

29%

2

17%

1

21%

0

17%

or not. However, about seventeen percent gave
themselves a zero, which was not an option, because
they did not remember the formula. Only five
percent of student gave themselves a five, twelve
percent rated themselves as a four, seventeen percent
gave themselves a two, and twenty-one percent rated
themselves as a one. Some students stated that if

Figure 42:
Question 3 Statistics

they would have remembered the formula correctly they would have rated themselves a three or
a four. Overall, it seemed that students were not comfortable with volume of cylinders, mainly
because they did not remember the formula.
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Analysis
An overall idea of the results can be found in Figure 43. This graph shows each question
and the
percentage the
of students who
scored a zero,
one, two, or
three. Students
performed the
best on
questions one
and two. Since

Figure 43: Chart of the Percent Scored on all Questions
all of the questions were fairly similar it is possible that students did not complete the following
problems with as much care. Also, students performed the worst on question three which was on
the volume of a rectangular prism and not a cylinder. This result shows that students may have
similar difficulties with the volume of a rectangular prism formula. It is also shown that
questions one and three had the most students score a three. With this result it is possible that
students found questions one and three easier than the rest. These questions were also those that
gave a diagram which may have helped the students.
Another area that was analyzed was gender and correctness. Figure 44 shows each
question and score with the percentage of females and males. For example, one can see that in
question two more two’s were scored by both males and females than any other question. This
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Figure 44: Chart of the Score per Question by Gender
result could mean that students had a fairly good idea as to how to complete this problem.
Also, more males scored a three than females on all five of the questions except question five. In
addition, no one scored a two on question three. This result shows that students either knew
how to solve the problem or they did not. Only males scored a two on question one and only
females scored a two on question four.
Another area that was analyzed was how students performed when given a diagram or not
given a diagram on a question. Figure 45 shows each score and the percentage of questions that
had a picture or not. More questions that did not have a picture scored a zero. While questions
that did have a picture scored more one’s and three’s than those that did not. From this one can
conclude that students have a better chance of scoring a higher grade if a picture is given in the
question.
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Figure 45: Chart of Score with or without Diagram
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Implications for Teaching
The hypothesis for this study was that students would have difficulty remembering the
volume formula for a cylinder and would therefore show misconceptions in their work. During
the course of this study students were asked to take a quiz on volume of cylinders and respond to
a survey. Student work was scored and then analyzed to find common problems. Overall,
students had difficulty remembering the volume formula. They also scored better on questions
with a diagram given and if they could not remember the correct formula they substituted parts
that they did know. These results have implications for future classroom work. These
implications will be discussed in this section, along with modifications to the design of this
experiment that may affect its outcome if it were to be repeated, and suggestions for how the
results of this experiment may lead to further research.

Classroom Implications
Several classroom implications can be established from the results of this experiment.


Students need to memorize and apply the basic volume formula for commonly
encountered geometric figures. Many students in this study did not remember the
formula for the volume of a cylinder. These students did not remember the formula
, where

is the area of the base. If students had remembered this formula they

would have had a better chance at getting the questions correct. Many students used the
circumference formula which could have been for several reasons. First, students could
have thought the circumference formula was the area formula, or secondly, they could
not remember that it was supposed to be area but did remember the formula had pi in it.
Students also did not remember the formula for the volume of a rectangular prism. If
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students had been able to recall that

, this question would have been very simple.

All they needed to do was substitute the given area and multiply by the height. However,
several students used the area as length in the formula
students to first remember

. If teachers teach

it will make other formulas much easier. Students

will no longer have to memorize all of the other formulas since they will be able to
substitute the area of the base into whichever figure they have. This will make students
more successful in solving problems regarding volume.


Questions on assessments should include diagrams. Based on the answers to the
survey and student scores, students perform better on problems that include diagrams.
Students are able to answer problems more easily and with better results if the diagram is
given and labeled for them. There is less confusion about the dimensions of figures and
which type of figure the problem is asking about when a diagram is given. It is easier for
the student to visualize the problem, also. By including diagram, it may also ease student
anxiety about the assessment. Test anxiety is an issue that many teachers and students
have to address. If these already labeled diagrams make test taking easier for students it
would be a great benefit for both teachers and students. Unless a teacher would like to
assess the students’ ability to create their own diagrams, it is suggested that they put
diagrams on the assessments.



Teachers need to emphasize reading questions thoroughly. On the quiz, students were
confused by minor words that had a big impact on the solutions to the problems. For
example, in problem two students did not convert two feet into inches. Students did not
read the labels carefully which led to incorrect answers. The same was true in question
five. Students did not read that the diameter was given and not the radius. Therefore
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when the students substituted the given values in, they computed the incorrect answer.
Again, this shows that students need to read every problem carefully and check their
work to see if they have the correct values and labels. By carefully reading and checking,
students will make fewer mistakes and perform better on tests. Therefore, teachers need
to continue to impress upon students the importance of reading problems carefully and
more than once. Reading problems carefully will help students not miss important bits of
information that are crucial to correctly answering the problem.
If teachers are able to implement these suggestions into their teaching, students will be
able to better understand the volume of cylinders. By encouraging students to memorize the
basic volume formula, students will be able to adapt this formula to use with other figures. This
will not only help answer questions about the volume of cylinders but other figures as well.
Also, by using diagrams on assessments students will have an easier time understanding the
question asked which will help them be more successful in answering the question. Finally,
emphasizing thoroughly reading the questions will greatly benefit students and make them more
successful test takers.

Suggestions for Future Research
Although various student misconceptions were identified and teaching implications were
suggested, further research in this area may generate interesting results. One might consider
using a larger student base or using a different grade level for the experiment. Another
suggestion is to use a different school, possibly a lower scoring school. Also, reevaluating
students after they have been retaught the information may give a different result. Reevaluating
students would allow the examiner to compare the first quiz to the second quiz, which may result
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in uncovering further misconceptions. It may also be beneficial to study students who have been
taught to only memorize the basic formula,

, to see what misconceptions they still hold or

do not hold.

Concluding Remarks
The motivation behind this study was to determine what misconceptions and difficulties
students have about the volume of cylinders. Based on the results of this study, students have
problems remembering the formula and instead substitute other pieces of information. Due to
being unable to remember the formula, students do not perform well on problems involving
volume and do not feel that they understand the concept very well. From these results, teachers
need to encourage students to remember the basic volume formula of

instead of trying to

memorize every volume formula for prisms separately. Teachers also need to encourage
students to read problems carefully. Further research could be done to how well students
perform after they have been taught to remember the basic volume formula. As with any
material, teachers can give all of the information and help they can give, but it is up to the
students to practice and learn the information to the best of their abilities.
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Appendix
Name: ______________________
Show all of your work, use the π key, and round to the nearest hundredth unless otherwise
noted.
1. For the following right circular cylinder, find volume, when h=60cm and r=3 cm.

2. Given a right circular cylinder, let the radius be 18 inches and the height be 2 feet. Find the
volume.

3. If the height of a right rectangular prism is 12 feet and base has an area of 63 square feet.
What is the volume?

4. The volume of a right circular cylinder is 586 cubic centimeters and the height of the cylinder
is 4.6 centimeters. What is the radius of the base to the nearest tenth?

5. Brooke and Tim are going to the movies and they want the most popcorn they can get for their
money. First they need to know the volume of the popcorn canister. In the popcorn canister
seen below, the diameter is half the height. What is the approximate volume of the canister?
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Name: _________________________
1) What is the formula for the volume of a cylinder? Explain what each variable stands for.

2) What questions do you think you did best on: those that showed a picture of the cylinder or
those that did not? Why?

3) Rate your understanding of the process of finding the volume of cylinders on a scale of 1 to 5,
with 1 being least amount of understanding and 5 being greatest amount of understanding.
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To: Parents/Guardians of Students in Geometry
From: Angela Beck (Graduate Student at SUNY Fredonia)
Date:
Re: Consent Form
You are being contacted in relation to a study that will be held in Mr. Burr’s Geometry
class. Please read and consider the following information. If you would like your child to
participate in the study please complete the consent form and return with your child.
Purpose, Procedure, and Benefits
 The purpose of this study is to determine what, if any, misconceptions students have about
the volume of a cylinder.
 For one day, your student will be asked to complete a worksheet asking them to solve several
problems related to the volume of a cylinder. After they finish this, they will be asked to
complete a short survey asking them about their feelings toward the volume of a cylinder.
 The goal of this study is to improve mathematics instruction in the classroom. After
misconceptions are defined, new instructional methods can be formed. This is an important
study due to the potential benefits it may hold, not just for your student, but for mathematics
education as a whole.
Related Information
 Your student has been asked to participate in this study because he/she is a member of Mr.
Burr’s Geometry class.
 To maintain confidentiality, neither your name nor your student’s name will be used in any
way. Any name or identification will not be used with any materials related to the study.
 There is no cost (nor any compensation) to participate in this study.
 Participation in this study is completely voluntary. No penalty will be assessed to the student
or yourself for declining participation.
 The scores of the worksheet will not affect your student’s grade in the Geometry class.
Please read over and discuss the information with your student to make sure everyone is fully
aware of what is involved with this study. For additional information, or any questions you may
have, please feel free to contact Miss Beck by e-mail: abeck6470@fredonia.edu or Mr. Burr at
the Maple Grove Jr./Sr. High School by phone: 716-386-2855 or by e-mail:
mburr@bemuspcsd.org. You may also contact Miss Beck’s college advisor, Dr. Keary Howard,
at SUNY Fredonia by phone 716-673-3873 or by e-mail: keary.howard@fredonia.edu. Or you
may contact the Human Subjects Protection Administrator, Maggie Bryan-Peterson, at SUNY
Fredonia by phone: 716-637-3528 or by e-mail: petersmb@fredonia.edu.
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Thank you in advance for your participation in this important study. Please complete the
attached consent form and return with your student. Remember, this form authorizes the use of
data from your student for the purposes of research.

Voluntary Consent: I have read this memo and have been fully apprised of this study and
all that it entails. My signature indicates that I agree to allow my son/daughter to participate in
this study. If I withdraw my son/daughter from this study, I understand that there will be no
penalty assessed to him/her. I understand that my son’s/daughter’s confidentiality will be
maintained. I understand that if I have any questions about the study, I may contact Angela
Beck.
Please return this original, completed consent form as soon as possible. Thank you for your
cooperation.
Student Name (please print): ________________________________________

Parent/Guardian Name (please print): ______________________________________
Parent/Guardian Signature: ___________________________________________
Date: ________________
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To: Students in Geometry
From: Miss Beck
Date:
Re: Consent Form
You are being contacted in relation to a study that will be held in Mr. Burr’s Geometry class.
Please read and consider the following information.
Purpose, Procedure, and Benefits
 The purpose of this study is to determine what, if any, misconceptions students have about
the volume of a cylinder.
 For one day, you will be asked to complete a worksheet asking you to solve several problems
related to the volume of a cylinder. After you finish this, you will be asked to complete a
short survey asking you about your feelings toward the volume of a cylinder.
 The goal of this study is to improve mathematics instruction in the classroom. After
misconceptions are defined, new instructional methods can be formed. This is an important
study due to the potential benefits it may hold, not just for you, but for mathematics
education as a whole.
Related Information
 To maintain confidentiality, your name will not be used in any way. Any name or
identification will not be used with any materials related to the study.
 There is no cost (nor any compensation) to participate in this study.
 Participation in this study is completely voluntary. No penalty will be assessed to the you for
declining participation.
 The scores of the worksheet will not affect your grade in the Geometry class.
 By signing the consent form, you are allowing Miss Beck to use your answers to the
worksheet and survey in the study.
 Miss Beck will keep all of the worksheets and surveys once they are completed.
 There are no foreseeable risks involved in this study. However, if there is a problem that
would like to discuss you make speak with Miss Beck, Mr. Burr, or Mr. Turkasz.
Please discuss this with your parent or guardian. If you or they have any questions, please feel
free to ask.
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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 Miss Beck to use
your data for the research project.
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
Miss Beck at abeck6470@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: ______________________________________________
Date: ______________________

