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Introduction
This research investigates student preferences of approaches and techniques used when
calculating the area of irregular polygons. Specifically, it explores students’ problem solving
techniques through analysis of the chosen methods for calculation of the area of an irregular
polygon. Some problems are easiest to solve using one method, others require a different
method, and still others do not favor one method but instead can easily be solved using either
method. Students should, ideally, analyze the problem first to determine which method is easiest
to use. However, this is not always the case. Unfortunately, this topic is generally taught very
briefly and the curriculum tends to put more emphasis on calculating the area of polygons with
known formulas.
Through recent experience in both an eighth grade classroom and in a high school
geometry class of the same school district, it was noticeable that while two different methods of
solving for area of irregular polygons were introduced to the students, in most cases, students
simply chose one method and always used that method without analyzing which would be most
practical and efficient. Most chose the first method taught, and almost always used that method.
In some cases, students claimed that polygons whose area could not be found via the first method
had an area that could not be calculated. As an advocate for teaching students analytical problem
solving skills, interest developed in questioning if the perceived lack of analysis was indeed the
case and why that might be so.
It is hypothesized that students in high school level mathematics classes, when finding the
area of irregular figures, will choose either the addition method (breaking the polygon
into smaller shapes with known formulas) or the subtraction method (enclosing the shape
in a rectangle and subtracting the area of the empty space) regardless of the sensible
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choice of method. Specifically, it is hypothesized that an overwhelming number of
students will choose to employ the use of the addition method for each polygon.
Furthermore, few (less than 10%) will opt for the easiest method determined through
individual analysis of the figure in question.
This hypothesis was tested when administering a test to a sample of students from the
population of an ethnically diverse high school in a small city in the Northeast, spanning a wide
range of skill and grade levels. The test was graded based on which method was used to calculate
the area of the figure and the accuracy of the results obtained by the chosen method(s). In
addition, students completed a short survey to determine what math classes they had previously
taken and how successful the students were in those classes on a general scale.
The test and the design of the study itself were created following extensive research into
the concept of area, and its presence in the elementary, middle, and high school curriculum. The
literature review examines various textbook and classroom approaches to teaching students how
to calculate the area of an irregular polygon, how the standards and state assessments address the
topic, the misconceptions of preservice teachers regarding area, the conceptual development
involved in learning area, and the benefits of teaching area concepts.
Literature Review
This literature review is intended to analyze previous research with respect to area
measurement, specifically of irregular polygons. Since the hypothesis involves the students’
choice of which problem solving technique should be used, researching which methods are
predominantly taught and used in the classroom will help to make predictions and will provide
alternate observations to be compared with the results of this study. The first two sections of this
literature review examine past and present curriculum through standards, assessments, and
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textbook approaches all related to finding the area of irregular polygons. Particular attention is
paid to whether a specific method is taught more or less than another, in which case students
would be pre-destined to be more comfortable with the emphasized method. Next is a section
that explores what methods and strategies teachers are actually using in the classroom,
encompassing a range of grade levels and again noting if a preference is shown towards one
method versus another. The following section investigates the knowledge of pre-service teachers
on the subject of perimeter and area, focusing on misconceptions, confusions, and how the
classroom is affected by those. If teachers with misconceptions are passing on their knowledge,
chances are that students will develop the same misconceptions. Being made aware of those
misconceptions is the first step to correcting them. The final section is devoted to the importance
of teaching students to find the area of irregular polygons and the most effective methods for
achieving the desired conceptual understanding. Conceptual learning is far deeper than surface
learning, and is crucial to a student’s success in current and future mathematical applications.
Standards and Assessments
Standards and assessments are beneficial because they present an achievable goal. The
standards give written statements of what students are expected to know, and assessments
provide a general idea of how the students’ knowledge will be documented. Area measurement
has been a part of the learning standards in New York for many years, though the grade level at
which it was taught has varied over time, as demonstrated in Figure 1 below (National Governors
Association Center for Best Practices, 1964, 2005, 2012). Previous state tests give evidence that
students were indeed tested on their ability to do so (NYSED, 2005, 2008, 2009, 2010a, 2010b).
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1964-65 New York State Tenth Grade Geometry Curriculum Bulletin


No mention of finding the area of irregular shapes in the standards, but sample lessons
show that to find the formulas to calculate area of known shapes the teachers should
present them as “irregular shapes”

2005 New York State Sixth Grade Mathematics Learning Standards


Use a variety of strategies to find the area of regular and irregular polygons

2015 New York State Sixth Grade Common Core Mathematics Learning Standards


find the area of right triangles, other triangles, special quadrilaterals, and polygons by
composing into rectangles or decomposing into triangles and other shapes

Figure 1. New York State learning standards of 1964-65, 2005, and 2015 that discuss
calculating the area of irregular polygons.
A curriculum bulletin from the 1964-65 school year (NYSED) shows that area
measurement was not addressed until a tenth grade geometry course. The standards do not
specifically address finding the area of irregular polygons. However, the sample lesson plans
given do show that in order to find the formulas for polygons such as parallelograms and
trapezoids, the students treat them as irregular polygons. The shapes are presented to the students
on a grid, and additional segments are constructed to make a larger rectangle that encompasses
the original shape. The area of the extra triangles created by the new segments is then subtracted
from the area of the constructed rectangle. There is no mention of breaking the original shape
into triangles and rectangles and computing the sum of the areas of the subshapes.
In a more recent set of New York Learning Standards (2005), it is clear that the topic of
area measurement has been relocated to the sixth grade curriculum. However, the standards are
more specific than before in that they require students to “use a variety of strategies to find the
area of regular and irregular polygons” (p. 67). The variety of strategies is not specified, though
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one can imagine the intentions were that students should learn to analyze the problem and decide
the best method used to solve it rather than memorizing one procedure and executing it
regardless of its relevance.
The current New York Common Core Learning Standards (2015) are the most detailed in
comparison to those previously mentioned. The sixth grade standards set the goal that students
will be able to “find the area of right triangles, other triangles, special quadrilaterals, and
polygons by composing into rectangles or decomposing into triangles and other shapes” (p. 39).
The specificity of the standards indicates that students should not be taught only one method
which they will memorize and apply when they identify some key words. They must be taught
different methods, and it is implied that then students should be taught to think critically about
the situation to decide which method would produce an accurate answer in the most efficient
way.
Although the 2005 learning standards for New York specify that students should know
how to calculate the area of an irregular shape, only once is the information tested on the sixth
grade New York State Mathematics Exam(s) between the years 2005-2010. In the same time
span, it is tested on three of the seventh grade New York State Mathematics Exams. While
strange the topic of calculating the area of irregular polygons is not tested at the grade level in
which it is taught, considering that though the standards for the sixth grade specifically mention
finding the area of irregular polygons, the standards for seventh grade require students to “solve
real-life and mathematical problems involving angle measure, area, surface area, and volume”
then renders the oddity quite reasonable (National Governors Association Center for Best
Practices, 2005, p. 14). In sixth grade students are merely learning the various strategies to find
the area. In seventh grade, students are asked to apply the previously learned strategies to real-
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life situations. It then makes perfect sense that students would be assessed on their ability to
apply their knowledge rather than regurgitate procedures. However, as shown in Figure 2 below,
the questions that require students to calculate the area of an irregular shape on the seventh grade
state exams do not use the context of real-world situations, and there is no application of the
concept, merely recalling procedures.

Figure 2. Problems from New York State mathematics final exams for grade 7.
As with any course, the material on the cumulative tests indicates the topics a student
should have knowledge of upon completion of the course. Having previously analyzed the
learning standards, an exploration of various methods of teaching students to calculate the area
of irregular polygons remains.
Textbook Approaches
As the standards only provide a general overview of what should be taught, and
assessments become vague due to the efforts of condensing hundreds of classroom hours into a
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single test, there are a number of gaps to fill when actually planning lessons. For many years,
teachers relied on textbooks to fill these gaps. Throughout history, textbooks have used a number
of methods to teach students how to find the area of an irregular polygon (Area, 2013; Groth,
2013; NYSED, 2014a, 2014b; Papadopoulos, 2010). There are three broad categories of problem
solving methods employed. The first involves breaking the shape into subshapes with known
formulas for area and finding the sum of the areas. The second is the “cut and paste” method in
which students will “cut” one part of the shape and “paste” it on a different part of the shape. The
intention is to create a rectangle or a triangle so that a familiar area formula can be applied. The
final method requires the students to construct a rectangle that encompasses the entire shape, find
the area of the rectangle, and subtract the area of the sections unfilled by the original shape.
In America today, a sixth grade Common Core Mathematics textbook has an entire
chapter of six lessons devoted to area measurement (Area, 2013). The first three guide students
through finding the formulas of areas of known special polygons such as parallelograms and
trapezoids, although the way the formulas are introduced is by using the “cut and paste” method.
The fifth and sixth lessons specifically address the area of irregular polygons, but the book only
applies the method of breaking the shapes into known subshapes. The only hint of the method of
subtracting from a larger area is the last two examples in the fifth lesson that teach students how
to find the area of overlapping shapes.
The concept of calculating the area of irregular polygons is not addressed again until the
Common Core Geometry course, generally taken in the tenth grade (NYSED, 2014a, 2014b). In
Module 3 students are taught to approximate the area of a region with curved edges. They
combine both methods by finding the area of an irregular shape that closely matches the curve
and the area of an irregular shape that encompasses the curve, and finding the average of the two
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areas. The figure below shows one of the examples provided in Module 3 during one of multiple
lessons dedicated to the concept of estimating the area of a curved region.

Figure 3. Example from Common Core Geometry Module 3, Lesson 1.
In Module 4, students are led through discovery to create a formula for calculating the area of
triangles that do not contain right angles. This discovery involves drawing a rectangle around the
triangle and subtracting the areas of the additional triangles, as shown in Figure 4 below.

Figure 4. Example from Common Core Geometry Module 4, Lesson 9.
While these few lessons do expose students to both the addition method and the
subtraction method for calculating the area of irregular polygons, the material is presented in a
traditional manner. In classrooms today, many teachers are abandoning this style and opting for
discovery learning methods with hands-on activities to keep students engaged in the material.
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Methods Used In The Classroom Today
Now that we have analyzed what about the area of irregular polygons should be taught
and how the knowledge will be assessed, it is time to delve into various methods used to help
students gain the desired knowledge. Many choose to use the method of breaking the original
shape into smaller subshapes and finding the sum of those areas (Casa, 2006; Cass, Cates,
Jackson, & Smith, 2002; Hoosain, 2010; Muir, 2007; Myers, 2015; Yopp, 2007). While there are
many slight variances of each method, the core idea remains the same. By noting the prominence
(or lack thereof) of each method in common strategies used in the classroom, we seek to
understand better whether students are predestined to only use one method or if both underlying
concepts are, in general, equally presented to the students.
In an article by Muir (2007), she describes the project her students tackled in their quest
to develop a conceptual understanding of area. She presented them with a “growing starfish”
whose package claimed a certain percent increase in size. In order to determine whether the
package’s size increase was correct the students had to calculate the area before and after the
growth. When the starfish was first taken out of the package Muir traced the shape onto a piece
of graph paper and copied it for her students. The students then had to figure out how to find the
area. They decided on counting the number of squares inside the shape. While this is not exactly
the same as breaking the shape into triangles and rectangles, it is a combination of breaking the
shape into squares and the “cut and paste” method. The figure below is an example of a student’s
work when attempting to calculate the area of the starfish. The different shadings represent
different colors the student used to represent how much of each box could be counted towards
the overall area.
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Figure 5. A student sample of counting the squares to find the area of a starfish.
In 2006, Paul Scott published his method to calculate the area of irregular polygons using
lattice polygons. Lattice polygons are polygons that are constructed on a lattice, or rectangular
grid of points, such that each vertex of the polygon lands on a point (see Figure 6 below). Similar
to drawing a shape on a piece of graph paper, it is easy for an observer to mentally connect the
points and treat the lattice as a grid. From there, it is not a far stretch to consider counting the
squares inside, or creating right triangles and rectangles to find the area. The latter is the chosen
method for Scott and his students.

Figure 6. An example of a polygon presented on a lattice grid.
A study by M. Cass, D. Cates, C. W. Jackson, and M. Smith analyzed the impact of
having students with disabilities use a Geoboard when calculating area. A Geoboard is similar to
a lattice, but rather than points on a piece of paper there are nails driven into a board where the
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points would be. The three-dimensional aspect provides a more kinesthetic experience for the
students. The results showed that students who were only taught area using paper and pencil did
very poorly on assessments, while students who learned using the Geoboard not only scored
much higher but retained the knowledge for a longer period of time. The Geoboard, like the
lattice, was used to help students make connections between the original shape and a
combination of smaller familiar shapes with a known area formula (Cass, Cates, Jackson, &
Smith, 2002).
A common thread that can be found among the previously discussed studies is that the
tools provided to the students make a difference in their understanding of the material. A
resource many forget to mention, however, is the teachers. While there is a glaring lack of
research on the particular topic of student misconceptions when calculating the area of irregular
polygons, a small amount has been conducted to analyze misconceptions pre-service teachers
have regarding the same concept. For the purpose of this study, it is important to remember that
education does not depend solely on the students; teachers play a crucial role as well.
Misconceptions of Pre-Service Teachers
While veteran teachers have the advantage of having several years to perfect their
lessons, pre-service teachers do not have such luxury, leaving them to operate solely off the
previous knowledge they gained as students. Research shows that many misconceptions of preservice teachers carry into their classrooms (Barrantes & Blanco, 2006; Menon, 1998; Murphy,
2011; Reinke, 1997). It is important to know these misconceptions, for as Kathryn Reinke (1997)
notes, “Examination of incorrect strategies by preservice teachers provides an opportunity to
investigate inadequacies in the mathematical backgrounds of these students as well as to make
curriculum changes in teacher education programs” (p. 75).
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At first, pre-service teachers are often inclined to teach area measurement the way they
learned it. As Murphy (2011) points out, since students often rely on procedures to calculate
area, “it becomes important to establish whether prospective teachers have a similar reliance on
procedures” (p. 191). The results of the study she conducted involving four pre-service teachers
show that though they passed the various exams necessary to obtain certification, only one of the
teachers demonstrated good conceptual understanding of area and its connections to other
mathematical concepts. One pre-service teacher revealed a definite reliance on procedures and
calculations, another was unable to make connections between various formulas for the areas of
different shapes, and the final participant was unable to consistently use formulas correctly and
admitted to confusion of which units to use.
In the late 1990’s, two studies were conducted by Kathryn Reinke (1997) and
Ramakrishnan Menon (1998) that investigate how pre-service teachers think about perimeter and
area measurement. Menon evaluates their overall understanding of the concept, while Reinke
focuses on where the confusion stems from. Reinke gave her participants a test, and revealed that
about 16% were unable to provide an answer to the area problem and only 52% of those who did
provide an answer were correct. Menon administered a similar test, and the results showed that
even though the participants were well into an education certification program, they had poor
conceptual understanding of area measurement.
When teachers teach, they are sharing their knowledge of a subject with the students.
Therefore, if a teacher only has a surface-level understanding of area measurement, that is what
the students will learn. In order to truly learn, students must go beyond memorizing formulas and
procedures, they must develop a deep understanding of the concept. If the teachers entering the
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classrooms do not have this deep conceptual understanding, is it really a surprise that the
students do not have a good understanding?
Conceptual Development of Area Measurement
When exploring the issues of conceptual development of the topic of area measurement,
researchers take delight in revealing its necessity in education today (Papadopoulos, 2008a).
Proclaiming its importance is not enough, however. A plethora of studies analyze what methods
are most effective in developing a student’s conceptual understanding of area measurement
(Bruning, 2000; Huang & Witz, 2011; Kirkpatrick, 1914; Kospentaris, Spyrou, & Lappas, 2011;
Mistretta, 2000; Pandiscio, 2001; Papadopoulos, 2008a, 2008b; Zacharos, 2006).
A study was conducted by Regina Mistretta (2000) in which she first administered a test
to assess the students’ thinking levels based on the Van Hiele model, shown in the figure below.
More than half of the students reported that the material on the test was complicated and
confusing, often sharing that they had only been given formulas and numbers to substitute into
those formulas. Some confused area and perimeter. The results from this test were used to design
a unit that would attempt to raise students’ thinking levels. For finding the area of an irregular
shape, students were given time to work in pairs and try to find a solution on their own.
Regardless of what method they chose, they compared their answer to the one obtained by using
the method of breaking the shape into subshapes. The designed unit was highly successful in
raising students’ thinking levels in geometry.
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Van Hiele Thinking Levels








Level 0: Visualization – Visual perception is present. A figure is seen as a total entity and as a
particular shape. Properties are not considered in the identification of a shape
Level 1: Analysis – The figure is now identified by its geometric properties rather than by its
appearance. However, the properties are seen in isolation. Therefore, definitions containing just
essential information are not yet attained
Level 2: Informal Deduction – The importance of properties is now seen. The properties are not treated
in isolation. Instead, the properties are ordered logically, and relationships existing among the
properties are recognized
Level 3: Formal Deduction – Logical reasoning ability is developed. Geometric proofs are created with
meaning. Necessary and sufficient conditions are used with strong conceptual understanding
Level 4: Rigor – Theorems in different postulational systems are established and analyzed

Figure 7. A brief summary of the thinking levels established for geometry by Van Hiele.
An investigation of Greek textbooks from 1749-1971 was completed by Papadopoulos in
2008, specifically for how the textbooks addressed the topic of teaching students to calculate the
area of irregular figures and polygons. He comments that after that point in time the concept is
no longer taught in Greek school systems. He then goes on to discuss how important it is to teach
students how to find the area of irregular polygons and figures. Papadopoulos created some tasks
of his own, which he designed specifically so that the problems could not be solved with known
formulas. His reasoning for this is “so the students have to develop certain techniques to solve
the problems, and the result is that finally they create a tool bag of available techniques related to
the specific concept” (Papadopoulos, 2008b, p. 2). Before the 1900’s, there are only two
instances of a textbook teaching that area of an irregular shape can be found by finding the area
of a larger rectangle and subtracting areas off, once in 1787 and again in 1846. All other
textbooks of that timeframe only teach students to break the shape into known subshapes. Once
into the twentieth century, the method of finding the area of a larger rectangle and subtracting
becomes more prominent. Both methods are taught equally in textbooks from 1913, 1948, and
1964.
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In 2010 Papadopoulos published a study of Greek students exploring how they would
compute the area of an irregular figure or polygon, having never been taught any specific
strategies. The students were given four tasks to complete, and out of twenty participants only
two employed the use of finding the area of a larger rectangle and subtracting. Both students
only used that strategy for one of the tasks, while the other students all used the method of
breaking the original shape into subshapes and using addition to find the total area. This method
appears to be the preferred method of students and textbook authors alike throughout history.
Similar to Papadopoulos’ study, this study was conducted to analyze what method the
students choose to employ when solving for the area of an irregular polygon. However, in this
case the students have been taught not one, but two techniques and have been introduced to a
third. Noting the similarities and differences between these participant responses and his would
be an interesting comparison.
Experimental Design and Data Collection
This study tested the hypothesis that students calculating the area of irregular polygons
would consistently choose either the method of breaking the original shape into smaller shapes or
the method of enclosing the original shape in a rectangle and subtracting the empty spaces
without first analyzing the problem to determine which method would be most effective. During
this study, students completed a six-problem assessment testing students’ skill in calculating the
area of irregular polygons. The problems were appropriate for the grade and skill level of the
participants according to the state and national mathematics standards. The work shown and the
solution were evaluated to determine the solution methods employed, how often each method
was used, and the accuracy of the answers. The participants also completed a brief survey, the
results of which were then compared to the results of the assessment.
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Participants
This study was conducted at a small-city public high school in the Northeast. The
population of the school is approximately 600 students who are 47% Hispanic, 44% Caucasian,
8% Black/African American, and 1% Multiracial. Each class meets for 40 minutes on each
school day. Of the 51 participants, 27 are Hispanic, 4 are Black/African American, and 47 are
Caucasian. Ten students have Individualized Education Plans (IEPs) and/or accommodations
specified in Section 504 plans. The participants were from three mathematics classes, one section
of Transitions Algebra and two sections of Common Core Geometry, all taught by the researcher.
Transitions Algebra (TA) is a class designed for students who have failed the Common Core
Algebra Test the previous June. Many of the students enrolled in this class were also enrolled in
Common Core Geometry (CCG) with a different teacher. Overall there were 27 female
participants and 24 male participants. A more detailed look at the participant demographics can
be viewed in Figure 8. Written consent was obtained from all participants in this study prior to its
commencement (see Appendix A, B)

Male
Female
Freshmen
Sophomores
Juniors
Seniors
Hispanic
Caucasian
Black/African American
IEP/504 Accommodations
Total Students in Course

TA 1
8
9
3
10
2
2
13
17
0
6
17

CCG 1
6
9
2
8
4
1
7
13
2
2
15

CCG 2
10
9
2
8
7
2
7
17
2
2
19

Category Total
24
27
7
26
15
5
27
47
4
10
51

Figure 8. Brief overview of participant demographics.
A noteworthy observation to make regarding the demographics of the participants in this
study is to consider the factors that affect the students’ education on a daily basis, but may only
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be written between the lines. Most live in a state of poverty, or very near poverty. As a result,
students are often focused on surviving rather than completing homework. Students are not
worried about grades, but instead are wondering how long it will be before a full meal is
provided them. Family lives for these students are difficult at best, yet educators must carry on
with their lessons and help students in any way possible.
Design
The assessment tested the hypothesis that students would not choose the easiest problem
solving method when calculating area of irregular polygons, instead choosing to consistently use
only one method for each problem. Prior to administering the assessment, written consent was
obtained from both the parents/guardians of the students and from the students themselves.
Students were made aware of the fact that participation in the study was voluntary and that they
could withdraw from the study at any time. Once the consent forms from all necessary parties
were collected, the instructions were clearly explained to the students.
Students were given a six-problem assessment and a brief survey to complete within a
40-minute class period. Problems were selected after considerable analysis and consultation with
university professors. Each of the six questions on the assessment consisted of an irregular
polygon, the area of which students were asked to calculate. Students were instructed to show all
work, including anything typed into a calculator. The verbal instructions emphasized the amount
of detail students should use on the assessment.
A six-question survey followed the assessment. The survey was intended to obtain basic
demographic information about the participants and determine the nature of their relationship
with mathematics as a whole. The information gleaned from the survey was compared to the
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methods chosen by the students and the answers given for each problem. Both the assessment
and the survey can be found in Appendix C.
Instrument Items and Justification
Though the test and survey consisted of six items each, both instruments are extremely
calculated in their design. Participants were asked to answer the six problems given on the test
and to show all of their work. A short survey following the assessment gathered basic
demographic information as well as student perspectives on their relationship with the subject of
mathematics overall.
Each problem on the assessment was chosen purposefully based on the most effective
solution method. For example, the second question would be best solved by subtraction method
and the fifth question would be best solved by addition method. The third problem was predicted
to be the most difficult for the participants as it is not entirely obvious which method should be
used at first glance, and neither method is any easier than the other. A figure detailing which
solution method was preferred for each problem on the test can be found in Appendix D.
The first problem, shown in the figure below, was chosen for its simplicity and
flexibility. It could easily be solved by breaking the original shape into a rectangle and a right
triangle, both of which have well-known area formulas, or it could be solved by adding two
segments to create a rectangle and subtracting the area of the right triangle created. Neither is
more difficult or time consuming than the other, and as the first problem it is hopefully a good
indicator of a student’s first reaction when faced with calculating the area of an irregular
polygon.
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Figure 9. The first problem given in the assessment.
The second problem, shown in the figure below, was chosen because it would most
definitely be more effective to construct two segments to create a rectangle and subtract the areas
of the created trapezoid and triangle. The grid behind the shape was also included to help
students when determining the lengths of each segment and also with the intentions of showing
the students just how difficult it would be to break the shape into smaller subshapes. As the
hypothesis predicted that students would overwhelmingly choose to use the addition method on
all problems, the inclusion of problems that are easiest to solve using the subtraction method is
important to help truly determine if students do or do not analyze the problems before solving.

Figure 10. The second problem given on the assessment.
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The figure below shows the polygon given for the third problem, which was predicted to
be the most difficult for students, mainly because it was unclear at a first glance which method
would be best employed to procure a correct solution. Neither method is more efficient than the
other, and in fact both are rather tedious. The addition method could involve either three
triangles and one rectangle or five triangles and two rectangles. The subtraction method would
also involve subtracting three triangles and one rectangle. The grid on which the polygon lies
would help students to correctly determine where each created segment should go in either
method. It is crucial to the nature of the study to include questions such as this one and the first
question. Questions that obviously are easier solved by a particular method are sometimes so
obvious that the student is led to make decisions that normally would not be made. By sneaking
in questions that are not so clear-cut, student preferences became more apparent.

Figure 11. The third problem given in the assessment.
The fourth problem, shown in the figure below, can be solved in the simplest manner by
addition method. Specifically, this can be done by breaking the shape into three rectangles that
appear to be stacked on top of each other, much like a birthday cake. Again, presenting the shape
on a grid helps students accurately draw their shapes (either on the inside for the addition method
or on the outside for the subtraction method). As this shape has one method that is obviously
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easier than the others to use and it is a fairly simple shape itself, it is predicted to be the easiest of
the shapes to calculate the area.

Figure 12. The fourth problem given in the assessment.
The fifth shape, shown in the figure below, is most easily solved using the subtraction
method. All that is required is the construction of one short segment and the subtraction of one
triangle. If students try to use the addition method, there are always at least two rectangles and a
triangle to contend with. Much like the second polygon, this was included to help reveal in
greater detail those students who simply choose to use the addition method for all shapes.

Figure 13. The fifth problem given in the assessment.
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The figure below shows the polygon given as the sixth problem, and is best solved by
breaking the original shape into smaller subshapes with known area formulas, for example a
triangle and three rectangles. It was predicted that no student would solve this problem by
constructing a rectangle that encompasses the original shape. At a first glance of the assessment
as a whole, it appeared this shape would be the most tedious to work with due to how spread out
it is. Upon further reflection, however, it became apparent that there is one method that makes
the most sense to use, and the process of using that method is relatively simple.

Figure 14. The sixth problem given in the assessment.
The survey following the assessment was designed to generate basic demographic
information as well as some student perspectives. Students were asked to describe in a variety of
ways about their relationship with math. First, they were asked to write in detail how they feel
about math, next they were asked to rate on a scale of 1 to 10 how good they thought they were
in math (1 being horrible, 10 being amazing), and finally they were given a number of statement
regarding mathematics and were instructed to select all statements they felt applied to their
personal relationship with math.
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Methods of Data Analysis
To test the hypothesis, each assessment was analyzed based on two main categories:
accuracy of the numerical answer and the method in which the answer was obtained. The study
employed mixed methods; frequencies of various methods were compared to the accuracy of the
answers in an attempt to reveal any noticeable trends. The results were obtained via the statistical
software Minitab.
Data Collection and Scoring Rubric
The assessments were collected and scored on which method the participants used to find the
area of each polygon as well as the accuracy of the answer they obtained. For each figure, there
was only one possible point to earn for providing a correct numerical answer. It was also noted
which method students used to calculate the area of each polygon. Microsoft Excel spreadsheets
were used to organize and filter this data as well as the responses to the survey questions.
Multiple spreadsheets were utilized to organize the data in a more effective manner. For
example, one spreadsheet included all survey information, overall scores on the assessment, and
indicated which problems each participant answered correctly. Other spreadsheets were each
dedicated to a single question from the assessment, comparing the method used to solve the
problem and the accuracy of the solution. Filters were applied to the spreadsheets to help view
specific groups of data more efficiently. Assessments and surveys were not filtered by ethnicity
or by socioeconomic status as this was not the main focus of the study.
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The main focus when analyzing the participant responses to the assessment was the
chosen method for solving each problem, and the frequency of each method for each participant.
Due to the nature of the study, it was not important to note the range of numerical scores. The
observation of correct and incorrect answers is merely for comparison purposes, to help discern
any patterns amongst the data. For each question, the information gleaned from the student
response was organized (see Figure 15 below) for easier comparisons in Minitab.
Problem

Accuracy

Method Used

Preferred
Method

Figure 15. The chart used to score each answer on the assessment.
Solution methods placed in the other category included those left blank or with no work shown,
unfinished, or those which used a method that is not relevant to finding the area (i.e. finding the
perimeter). The results for each of these responses were then compiled in the Excel spreadsheet
for easier overall comparison, as detailed in the ensuing section.
Results
The overarching question inspiring this study was whether or not students used the most
efficient and effective method for calculating the area of an irregular polygon, and for those who
did not, if they chose one particular method and used it consistently throughout the entire
assessment. After an analysis of the data collected, there are three major results:


82% of responses showed the participant did not use the preferred method when
calculating the area of an irregular polygon.



67% of responses showed the participants used methods other than the addition or
subtraction methods; correct answers were obtained only 26% of the time. The most
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dominant method classified as “other” was ‘counting boxes’, used on 57% of the
responses placed into this category.


18% of the time, students did use the preferred method to calculate the area of the figure;
67% of the time these methods were employed, correct answers were procured.



Students used the addition method for 31% of the responses (expected 50%), the
subtraction method was used for 2% of the responses (expected 33%), and solution
methods classified as “other” were used for 67% of the responses (expected 0%).

The figure below shows a breakdown of each problem and the comparison of the methods used
and the accuracy of those methods. Note that “U” represents the percentage of responses on
which participants used the corresponding method, and “A” represents the percentage of
responses for which participants’ answers were accurate.
Preferred Method
Method

U

A

Addition
Method

Subtraction
Other Method
Method

U

U

A

A

U

A

1
Either
N/A N/A
59% 46% 0% N/A
41%
0%
2 Subtract 5% 100% 20% 100% 5% 100%
75%
0%
3
Add
11% 50% 11% 50% 0% N/A
89%
65%
4
Add
17% 100% 17% 100% 0% N/A
83%
89%
5 Subtract 5% 100% 20% 75% 5% 100%
75%
20%
6
Add
59% 50% 59% 50% 0% N/A
41%
0%
Figure 17. An overall look at the methods used for each question on the assessment.
The first problem did not have a specified preferred method, however the figure shows
that the majority of students calculated the area by using the addition method, though less than
half of them were able to obtain correct answers. The second and fifth problems were both
classified under the subtraction method as preferred, and the figure reveals a 100% accuracy rate
for those students who used the preferred method, as well as a high accuracy rate for those who
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applied the addition method. Problems three, four, and six were most efficiently solved by the
addition method, and though the use of this method was generally lower than the use of other
methods, the percentages of accurate answers was generally higher for those who used the
addition method than those who used other methods.
One observation to be made is that the subtraction method was rarely used. When it was
employed as a solution method by a participant, it was only for problems on which the
subtraction method was the preferred method. Additionally, when it was used, the answers
obtained by the participants were 100% accurate. In comparison, overall there were higher
percentages of participants who used the addition method, though the accuracy of the answers
given was generally lower. Perhaps the most shocking information to be obtained from the figure
is that while the percentages of participants that utilized various other methods to procure
solutions to the given problems, the accuracy rates are abysmal, the only exceptions being the
third and fourth problems. A conclusion might be drawn that students who know to use the
addition and subtraction methods also have solid foundations of knowledge for those concepts,
while those who don’t employ those methods also generally do not know much regarding the
concept of calculating the area of irregular polygons.
Student Use of Preferred Method
The main result, which stated that 82% of students did not use the preferred method when
calculating the area of an irregular polygon, confirms the first prediction in the original
hypothesis. Students are not thinking critically about each problem, thus demonstrating a lack of
problem solving skills.
A related result is that 18% of students did use the preferred method to compute an
answer. Of the students that make up that 18%, however, 67% of them were able to use those
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methods correctly and reach the correct answer. Those who had incorrect answers had all the
correct work shown, which indicates the error lies in that they either computed mentally and
made a mistake or that the numbers were typed into the calculator incorrectly. Neither of those
cases are conceptual mistakes, therefore it can be concluded that those who used the preferred
method of solving had at least a decent grasp of the concept of area.
Overall, the addition method was used by students for 31% of the responses. There were
three questions in the assessment for which the addition method was the most effective method
for solving. Due to the number of questions given on the assessment, the percentage of responses
for which participants were expected to use the addition method is 50%, resulting in a difference
of 19%. However, not all of the responses in which participants applied the addition method
corresponded to problems for which addition was the preferred method. Only 27% of students
used addition when it was considered the preferred method.
The subtraction method was used for a mere 2% of responses, exclusively for the
questions for which subtraction was the preferred method. Even for those two questions, the
responses using the subtraction method only contribute 5% of the responses to those two
questions. Clearly, this strategy for calculating area is not popular among students, as it was
expected to be used for 33% of the responses. This could be for several reasons, perhaps that
students are not taught this method or that if they are, they are not taught as in depth as the
addition method.
Student Preference of Method
The hypothesis predicted that students would choose between either the addition method
or the subtraction, but most often they would choose the addition method. However, results show
that 67% of the time, students were not using either of those methods.

Bradford 28

The most common “other” strategy that was used correctly was counting boxes for the
polygons given on a grid, although for one of the problems this still yielded an incorrect answer
due to the fact that the boundaries of the polygon did not always cover whole or half squares on
the grid. The students using this particular method resorted to estimating the amount of the box
that was included in the polygon. The figure below shows two student samples in which it is
clear the method of choice was to count boxes. However, for this particular polygon, the
boundaries do not always cover full or half boxes, leaving participants with no choice but to
estimate, for each of five boxes, the percentage of the box that fell within the boundary line. The
correct answer for this problem is 42; it is clear that neither participant was able to produce the
correct answer.

Figure 18. Responses in which participants incorrectly estimated the number of the boxes
included in the polygon.
In most cases for those who used strategies other than addition and subtraction, the
techniques were a confusing compilation of concepts, often leaving the researcher puzzled as to
their origins. The example shown in Figure 19 is a student response in which the student found
the length of each of the segments along the boundary lines of the polygon, leading one to
believe the common misconception between area and perimeter is rearing its ugly head.
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However, the answer they gave seems entirely too large for that to be the case. Upon closer
inspection, and multiple computational manipulations, it becomes clear that instead of adding the
lengths of each segment, the student multiplied them. As mentioned before, it is unclear where
these strategies originated from. A brief moment for speculation lends credence to the suggestion
that perhaps the student is providing a variation of the standard area-perimeter mix-up. It appears
that the student has recalled that the lengths of all the sides of the polygon must be combined
somehow (the perimeter contribution to the strategy), and that multiplication should also be
involved (the area contribution to the strategy).

Figure 19. A student response to a question on the assessment.
Another misconception, though perhaps not as common, is that of a student confusing
area and volume, as shown in the figure below. These responses are all from the same
participant, which can at least prove that the student was consistent in their technique.
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Figure 20. Samples of work from a participant’s assessment.
A potential cause for this particular misconception comes from the older style of teaching in
which students are required to not only memorize many formulas, but also memorize when to
use each formula. Students can easily make mistakes with this tactic, as too many pieces of
information clutter the brain when lacking a conceptual foundation.
In short, the results of this study indicate that, as predicted, the students do not analyze
each individual problem first before attempting to calculate a solution. While the majority of
participants did not use either of the two methods expected, those who did used the addition
method far more often than the subtraction method. Furthermore, those who used the addition
and subtraction methods to produce a solution were generally more accurate than those who used
various other methods.
Implications for Teaching
This study tested whether students would calculate the area of an irregular polygon by
breaking the shape into smaller subshapes and adding their respective areas, constructing a larger
figure around the polygon and subtracting the area of the negative space, or through some other
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method. Student responses were assessed both for accuracy and for method used. These
assessments clearly revealed three areas in which improvement is desperately needed in the
classroom.


Mathematics curricula should place more emphasis on teaching students how to calculate
the area and perimeter of both regular and irregular polygons
As the results indicated, students generally were not using correct strategies to calculate

the area of the polygons, let alone using them correctly. It is a common misconception that
students confuse the concepts of area and perimeter. However, some of the participants were not
even using area or perimeter formulas, instead using a compilation of various operations applied
to seemingly random numbers. Due to the lack of organization and consistency shown in the
responses, it is clear that students generally do not know how to solve the problem. Thus, it is
important that educators improve the curriculum in multiple grade levels to place greater
importance on the concepts of area and perimeter, as they are (contrary to what students think)
highly relevant to everyday life. In elementary and intermediate grades, increasing students’
conceptual knowledge of what area and perimeter are measuring, as well as increasing number
sense and how the operations of multiplication and addition affect the numbers would lead to a
stronger foundation on which students can build their computational skills and procedural
fluency. In intermediate and secondary grades, emphasis should be placed on increasing the
spatial aspect of the area and perimeter concepts, ensuring students are better equipped to handle
problems in which the polygon is irregular and does not have a specific formula to calculate the
area. Students will be able to add these skills to previously learned problem-solving skills to
increase their success in multiple aspects of life.
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One of the most notorious phrases an educator hears in the field of mathematics is “when
are we going to use this in real life?” The concepts of area and perimeter are some of the most
applicable topics. Regardless of occupation, if someone is planning a garden and wants to
purchase edging, they need to know perimeter. A homeowner determining how much paint is
needed to cover an entire bedroom will calculate the area of the walls to help inform their
decision. If the future was predicted based on the results of this study, there would be numerous
rooms with walls that are only half-covered in paint, or just as many closets stocked full of the
unnecessary paint cans that were not needed.


Students should be taught problem solving skills as well as procedural fluency when
calculating the area and perimeter of polygons
The original hypothesis predicted that students would choose one method of solving and

apply this method for each of the questions, not conducting an analysis of each individual shape
to determine the most efficient and effective method of solving. While the results show an
astounding lack of procedural knowledge, a second glance will also reveal that students do not
know how to approach the problem in the first place. Students who did not know how to solve an
area problem after the first glance simply stopped there, either writing question marks or random
numbers and operations just to say they completed the problem. There was no evidence of
cognitive processes in which students reflect on any knowledge they might know about
computing the area of an irregular polygon, nor did they critically analyze what they know to
determine if perhaps inferences could be made about their prior knowledge to carry them a little
closer to the answer. In essence, if they did not see how to find the answer right away, and since
it was not given to them, they gave up. There was no perseverance. This is due to a lack of
problem solving skills. Mathematics is not just about knowing the formulas and step-by-step
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processes, it is about knowing what to do when you do not know the formulas and procedures.
The students in this study do not have such knowledge and skills, and this affects them in every
aspect of their life, not just in a mathematics course when calculating the area of irregular
polygons.


Students should be exposed to multiple approaches to solving area and perimeter problems
The results showed a severe lack of the use of the subtraction method when calculating the

area of an irregular polygon. This indicates that students are either not taught this method, or not
taught this method extensively. The issue with teaching only one approach to solving a particular
problem is that each approach requires different batches of information. When dealing with
similar situations in real life settings, a specific set of information is not always guaranteed.
Students need to know how to manipulate the information they have to access the desired
information. By building up students’ “mathematical toolbox” as some might say, educators are
providing them with multiple resources and avenues to reach a specific conclusion.
Suggestions for Future Research
While this research left a few questions unanswered, further research may be able to clear
up the confusion. For example, oral interviews with participants may help researchers observe
the thought processes students engage in when solving similar problems both for the students
who are familiar with the concept and correct procedures, and those who are not. Many
participants employed strategies that appeared to be a combination of various concepts, some
related to area or polygons, and some unrelated. A more in depth analysis of these issues could
reveal to educators where these misconceptions stem from, potentially leading to prevention and
correction techniques to be applied.
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Another, more long-term approach could be to focus on how the topics of area and
perimeter are taught. Even if students are taught both the addition and subtraction methods for
calculating the area of irregular polygons, is the curriculum dominated by one and the other is
presented as a side note? Furthermore, developing various instructional units for multiple grade
levels and tracking student progress throughout the duration of their scholastic careers would
provide data indicating how best to teach the concepts of area and perimeter across all grade
levels for optimal success. Both could provide interesting results that would better help educators
determine how best to teach the concepts of area and perimeter in future classrooms.
Concluding Remarks
This study was conducted to determine if students employed the use of the most efficient
method when computing the area of irregular polygons, or simply employed one method
throughout the assessment regardless of its efficiency. The results indicated that students do not
use the most efficient method, and also revealed that students generally do not know the proper
procedures for calculating the area of irregular polygons. It is clear that the mathematics
curriculum is failing our students in regards to this topic, and it is up to educators to improve
students’ education in this matter.
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Appendix A
Parental Consent Form
SUNY Fredonia

TO: Parents/Guardians
FROM: Carah Bradford
DATE:
RE: Consent Form

Your student has been asked to participate in this study because he/she is a member of Miss Bradford’s
Transition Algebra/Common Core Geometry class. To maintain confidentiality, neither your student’s
name nor yours will be used in any way, shape, or form. 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,
and there are no risks associated with this study.
Participation in this study is voluntary. Students may withdraw at any time. No penalty can or will be
assessed to the student or yourself for declining participation. Please bear in mind that the assessment
used to record and analyze data covers material taught in middle school, and will not affect the material
currently being taught.
The potential benefits to you and your student will be to receive more effective teaching strategies and
an overall improvement in performance within the math classroom.
Please read over and discuss the information with your student to make sure everyone is fully aware of
everything involved with this study. For additional information or any questions you might have, please
feel free to contact Miss Bradford at the Dunkirk Senior High School by phone: 716-363-9300 or by
email: cbradford@dunkirkcsd.org. You may also contact Miss Bradford’s college advisor, Dr. Keary
Howard, at SUNY Fredonia by phone: 716-673-3873 or by email: keary.howard@fredonia.edu.

Please complete the attached consent form and return with your student.

Carah Bradford
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SUNY Fredonia

Your participation in this important study is greatly appreciated. Please print and sign your name below
to indicate your agreement to participate in the study. Feel free to retain a copy of this letter for your
files. Thank you for your full consideration regarding this request. Once again, please be advised that
your consent authorizes the use of your student’s responses on the given assessment for the data
required in the study. All students are required to participate in class.

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 Carah Bradford at 716-363-9300 or
cbradford@dunkirkcsd.org

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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Appendix B
Student Consent Form
SUNY Fredonia

You have been asked to participate in this study because as a member of Miss Bradford’s Transition
Algebra/Common Core Geometry class. To maintain confidentiality, your name will not be used in any
way, shape, or form. 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, and there are no risks associated
with this study.
Participation in this study is voluntary. You may withdraw at any time. No penalty can or will be assessed
to you for declining participation. Please bear in mind that the assessment used to record and analyze
data covers material taught in middle school, and will not affect the material currently being taught.
The potential benefits to you will be to receive more effective teaching strategies and an overall
improvement in performance within the math classroom.
Please read over and discuss the information with your parents/guardians to make sure everyone is fully
aware of everything involved with this study. For additional information or any questions you might
have, please feel free to contact Miss Bradford at the Dunkirk Senior High School by phone: 716-3639300 or by email: cbradford@dunkirkcsd.org. You may also contact Miss Bradford’s college advisor, Dr.
Keary Howard, at SUNY Fredonia by phone: 716-673-3873 or by email: keary.howard@fredonia.edu.

Please complete the attached consent form and return to Miss Bradford.
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SUNY Fredonia

Your participation in this important study is greatly appreciated. Please print and sign your name below
to indicate your agreement to participate in the study. Feel free to retain a copy of this letter for your
files. Thank you for your full consideration regarding this request. Once again, please be advised that
your consent authorizes the use of your responses on the given assessment for the data required in the
study.

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 participate in this study. If I withdraw from this study, I
understand that there will be no penalty assessed to me. I understand that confidentiality will be
maintained. I understand that if I have any questions about the study, I may contact Miss Bradford at
716-363-9300 or cbradford@dunkirkcsd.org

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: ____________________
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Appendix C
For each of the following figures, calculate the area of the figure. Be sure to show all work,
which includes writing out anything typed into the calculator.
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What is your age? _______
What gender do you identify with? _________________________
What is your grade level? ______
In general, how do you feel about math? Do you like it, not like, sometimes like it? Please
explain in detail.

On the scale below, mark where you feel you are in terms of how good you are at math. Marking
a 1 means you absolutely do not know anything about math, marking a 10 means you are
amazing at math. Feel free to mark between integers if necessary.

Please select all that apply in regards to your relationship with math.






Math is fine, but it’s just not for me.
It depends on the teacher.
M.A.T.H: Mental Abuse To Humans
Once I understand the math, I don’t mind it, but it takes a long time for that to happen.
Math has always come fairly easy to me

Rank Problems 1-5 from the easiest to the most difficult associating each face with one of the
five problems. Write the problem number underneath the face.
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Appendix D
Summary of the Preferred Solution Method for Each Problem Given on Assessment
Problem
Preferred Method

Either

Subtraction

Addition

Addition

Subtraction

Addition

