Abstract
This study examines college students’ comprehension of formal geometric language as opposed
to general informal language. The research consisted of a set of assessments in which students needed
to draw a compilation of geometric figures, given in the two separate language formats. The study also
examined the aspect of whether students were more successful in their drawings when given
instructions in oral form as opposed to instructions in written form. Assessments were given on two
separate occasions, each consisting of two drawings. The first assessment included one drawing
describing figure 1 given with informal language and oral instructions. The second drawing was of
figure 2 with descriptions given in informal language and written instructions. The second set of
assessments included figure 1 with formal language and written instructions, while figure 2 was
described with formal language and oral instructions. The drawings were scored with a rubric that
analyzed the accuracy of the figures in regards to size, shape, placement, and understanding of
geometric vocabulary. The overall results indicated students draw a more accurate figure using
informal language and written instructions. The results also indicated that students are not comfortable
with geometric language and would benefit from more instruction in that discipline.
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Introduction
This research investigates the skills of students to accurately interpret instructions for
drawing a compilation of geometric drawings. Specifically, the present study examines the use
of and understanding of geometric terminology. Previous research has shown that students have
much difficulty in the discipline of geometry, so this paper also explores some of the reasons
behind their frustrations and lack of success in geometry, in regards to the geometric language.
In my experience in various level classrooms (middle school, high school, and college), I
have discerned that students enjoy the opportunity to teach their peers. This technique is also
valuable in student comprehension of mathematics content. This observation led to an interest in
using this technique for geometry-based activities. Students often have trouble distinguishing
characteristics of geometric figures and classifying them according to their features.
Furthermore, they have difficulty even identifying the figures. An activity that utilizes drawing,
peer teaching, and geometric language could boost the interest of students and aid in their
understanding of the correct terminology and components of geometry. However, in this specific
study, the test was solely conducted by the administrator, and there was no peer teaching
involved.
I was interested in determining whether instructions containing precise geometric
terminology would result in a more accurate geometric drawing than instructions written with
basic (informal) language. Another aspect explored was whether students are more successful in
their drawings if they were given instructions orally, as opposed to written instructions.
It is hypothesized that college students will draw a more accurate figure when they are
given specified instructions using precise geometric terminology as opposed to
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instructions that use informal language. Furthermore, it is hypothesized that oral
instructions will produce more accurate results than written instructions.
This hypothesis was tested through a formal evaluation of two sets of instructions given
on two separate occasions. The instructions were administered two separate ways: orally and in
written form. They were also formatted in two ways: one was with informal language and the
other was with formal geometric terminology. For all tests, figures were described and the
students were required to draw the explained figure. A rubric was used to analyze the accuracy
of each sub-figure of the drawings with regard to location, size, and characteristics. In addition,
students completed a survey that indicated the confidence in their own drawn figures and their
comprehension levels of geometric language and properties. Information about standards of
learning for students in geometry as well as teacher and student knowledge was obtained in this
literature review.
Literature Review
The primary intent of this literature review is to explore existing research pertaining to
students’ knowledge of geometric terminology, proportional reasoning, and scale drawings. The
state standards and expectations of these areas are analyzed. Additional information relating
teacher knowledge of the indicated topics and their approach of representing the material is
included. The extent of the types of technology used in geometric drawings and scale figures is
also addressed. Although the education levels that were studied in this review vary from middle
school to college freshman, the tests in the present study were administered strictly to college
students. All the results are obtained from empirical studies, articles, state standards, teaching
materials, and experimental data collection.
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Geometry Generalizations, Understanding, and History
To first gain an overview picture of this research topic, some of its history and general
information was compiled. According to Tandi Clausen-May (2008), geometry refers to shapes
and space and their relationship with each other. Unfortunately, though, the textbook method in
which geometry has been taught to our students hinders their understanding of critical geometric
concepts. The printed text is not an altogether appropriate tool to teach students the movement
of geometric shapes in space. For example, Clausen-May discusses how misconceptions of an
angle can be born when learning from flat printed pages. She suggests the animated movements
demonstrated by dynamic graphic software could offer an enhanced understanding of angle
rotation and the degrees involved. More importantly, the use of computer images could lead to a
more complete understanding of the properties of polygons as well.
Concerns about the teaching of geometry concepts in the classroom were shared by
Jillian Scahill (2006). She relates that shapes, especially polygons (closed plane figures with
many sides), receive too little attention due to time constraints of achieving mastery in other
mathematical topics. Her recommendation is that a greater amount of exposure to polygons will
enable the students to grasp their properties more easily. Also suggested is an idea to assign
specific polygons to the students, and they research, then report to the class their findings about
the polygon properties. In this way, the teachers can spend less time on the subject, but the
students still gain knowledge of the principal concepts.
As emphasized so often in modern classrooms, Farnsworth (2006) believes that true
understanding of mathematics derives from students’ connection of it to real world situations. He
states, “We must show our students that mathematics is alive and growing and very much an
integral part of their lives” (p. 1). As part of a project funded for a program called M.A.S.T.:
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Mathematics Applications Shaping Tomorrow, a seven- lesson module was developed and tested
among four geometry classes. The modules consist of geometry and proportional reasoning
techniques used by the United States Department of Agriculture. A pre-test was given to all the
students, and a mean score of 20% transpired. Two classes were then given weekly reviews of
basic geometrical skills, while the other two classes were taught the module. A post-test was
given when the unit was complete. Results indicated an 83% mean score for the module group
and a 30% mean score for those students who were taught with weekly reviews of basic skills.
The students involved in the real-world applications enjoyed the chance to be actively engaged in
the mathematics.

This research demonstrated the need to motivate students by providing

meaningful lessons that capture their interests. Taking a look around us can attest to the vast
amount of geometry in our lives.
All too often, geometrical experience is compromised by its transformation to symbolic
or algebraic form (Brown & Heywood, 2010). Just as the developers of the modules associated
with the USDA, Brown deems hands-on and real-life experiences to be prudent for students to
acquire true geometric comprehension. When Brown’s students physically moved in space
according to precise instructions, the concept of geometric shapes and properties became clearer.
Brown and Heywood assert that many geometrical shapes are present in our environment and
cultures, and geometrical terms all have individual histories, depending on relations with other
terms in different environments. For example, rural Ugandans would not be as familiar with
triangles and squares in their natural environment as our Western environments are.
A shared thought that Carson and Rowlands (2007) have with Brown and Heywood is
that mathematics is produced from cultural systems that humans have adapted over the centuries.
They note that the ancient Greeks have historically provided mathematicians with the
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transformation of geometry into its Euclidean form, and the subsequent discoveries thereafter.
The Greek culture used the formation of classical geometry to improve reasoning abilities in
other factions of its culture.
To help today’s middle school students acquire and sustain geometric development,
Carson and Rowlands propose a seventeen-step geometry curriculum to be done over three years.
The main purpose of this assemblage is to allow significant events in the history of mathematics
development to aid in a student’s abstract thinking and the evolution of their comprehension of
more complex geometric concepts. A summarization of the seventeen topics to be discussed in
the lessons is presented in Figure 1, along with an example of each.

Event
1
2

Description

Example

Arrival of symbols, the sense of Cave paintings
numbers
Achievement of practical measurement Concepts of area and volume
Versions of the Pythagorean Theorem

4

Awareness of patterns, regularities, and
observable facts
Propositions and anticipations of proofs

5

Levels of abstraction

A model or abstract drawing

6

Simple geometric construction elements Polygons can be constructed of triangles

7

A circle as a mathematical concept

8

Using logic to guide constructions

A circle is defined as points on a plane equidistant from a
fixed point
Dynamic software such as Geometer’s Sketchpad

9

Formal proof introduction

The Pythagoreans’ orderly, rule-governed process

10

Pythagorean concept of number

The arise of our modern sense of number

11

Quantitative dimensions

Time and space, and relationships thereof

3

A circle is bisected by any diameter

Nickerson 6

12

Proposition and proofs

Using a chain of proofs to solve more complex problems

13
14

Using mathematics rationality in other
domains
Three dimensional figures and conics

15

Infinity Concept

Acceptance of Thales’ reasoning behind proofs leading to
geometric concepts
A plane intersecting a cylinder at an oblique angle forms an
ellipse
Greeks’ idea of small and large beyond our imagination

16
17

Applying mathematics to the physical Basic machines, such as the lever and screw
world
Relationship between algebra and Reflections of how they relate to each other
geometry
Figure 1. Carson and Rowlands’ (2007) development events in geometric history.
With today’s professional standards, teachers are reluctant to add a historical perspective to their
lessons. However, using a historical approach to some topics might allow students to gain an
insight to the abstraction of math and thus instigate a greater understanding and interest in
mathematical concepts.
Standards, Requirements, and Expectations
By the conclusion of middle school, students should have a strong foundation of
geometric concepts, including the use of correct terminology. Figures 2, 3, and 4, collected from
the Common Core Learning Standards for Mathematics, indicate the desired standards for
geometry and proportional reasoning that are related to this study.

Geometry 6.G
3. Draw polygons in the coordinate plane given coordinates for the vertices; use coordinates to
find the length of a side joining points with the same first coordinate or the same second
coordinate. Apply these techniques in the context of solving real-world and mathematical
problems.
4. Represent
using nets made
up of rectangles and triangles, and use
Figure
2. Gradethree-dimensional
6 Common Corefigures
State Standards
for Geometry.
the nets to find the surface area of these figures. Apply these techniques in the context of solving
real-world and mathematical problems.
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Ratios & Proportional Relationships 7.RP
Analyze proportional relationships and use them to solve real-world and mathematical problems.
1. Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and
other quantities measured in like or different units.
2. Recognize and represent proportional relationships between quantities.
a.Decide whether two quantities are in a proportional relationship, e.g., by testing for
equivalent ratios in a table or graphing on a coordinate plane and observing whether the
graph is a straight line through the origin.
3. Use proportional relationships to solve multistep ratio and percent problems. Examples: simple
interest, tax, markups and markdowns, gratuities and commissions, fees, percent increase and
decrease, percent error.

Figure 3. Grade 7 Common Core State Standards for Geometry and Proportional Relationships.

Geometry 7.G

Draw construct, and describe geometrical figures and describe the relationships between them.

Geometry 8.G

1. Solve problems involving scale drawings of geometric figures, including computing actual
Understand
congruence
similarity
physical models,
transparencies,
or geometry
lengths and areas
from aand
scale
drawingusing
and reproducing
a scale
drawing at a different
scale.
software.
2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given
1.
Verify experimentally
the properties
of rotations,
reflections,
translations:
conditions.
Focus on constructing
triangles
from three
measuresand
of angles
or sides, noticing when
the conditions determine a unique triangle, more than one triangle, or no triangle.
a.Lines are taken to lines, and line segments to line segments of the same length.
3. Describe the two-dimensional figures that result from slicing three-dimensional figures, as in
b.Angles are taken to angles of the same measure.
plane sections of right rectangular prisms and right rectangular pyramids.
c.Parallel lines are taken to parallel lines.
2. Understand that a two-dimensional figure is congruent to another if the second can be
obtained from the first by a sequence of rotations, reflections, and translations; given two
congruent figures, describe a sequence that exhibits the congruence between them.

Figure 4. Grade 8 Common Core State Standards for Geometry.

3. Describe the effect of dilations, translations, rotations, and reflections on two-dimensional
figures
coordinates.
Theseusing
specific
standards cover a vast array of subject matter. Gaining core knowledge of
4. Understand that a two-dimensional figure is similar to another if the second can be

each of these standards leads to the ability to solve more complex problems, or just some of a
obtained from the first by a sequence of rotations, reflections, translations, and dilations; given
two similar two-dimensional figures, describe a sequence that exhibits the similarity between
them.
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different nature. For instance, Figure 5 shows two Grade 8 Common Core Sample Questions
(New York State Education Department, 2013) that require an extended application of the basic
geometric concepts. Experience with real-world application problems throughout secondary
education assists students with gaining the ability to use prior knowledge in mathematics,
regardless of the teaching techniques involved in the classroom.

Figure 5. Sample geometric-based questions for grade 8.
Extent Taught in Textbooks and Evaluation and Research Results
As with many subject areas, the content that is actually taught to mathematics students
can be greatly varied from the required Common Core Standards. The content taught depends on
many factors, such as individual teaching methods, individual teacher knowledge, student
interest and ability, and environment. According to Hines and McMahon (2005), the educational
preparation of teachers can result in vast differences in personal teaching approaches. For
example, in their study, Hines and McMahon discovered that pre-service teachers have assorted
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views of students’ understanding of proportional reasoning development because the future
teachers had little formal instruction in identifying this development. In this case, the teachers
might be ill-prepared to design instruction appropriate for middle school students in the subject
matter of proportional reasoning. This type of issue in mathematics can easily cause teachers to
deviate from the required protocols, and thus result in a variation of topics taught by teachers of
the same grade level. Also, different teachers have different interests, which results in variation
of the connections the teachers make between mathematics and other subjects.
When it comes to mathematically-based drawing activities, Edens and Potter (2007)
believe that a connection exists between the arts and the mathematics world. They convey that
drawing-based instructional strategies can enlighten the classroom teacher on the extent of the
students’ spatial understanding. The common ground of visual representations and visual and
spatial reasoning provides a logical reason to integrate subject matters across other curricular
areas. The increase in the essential for visual dimensions in the mathematics curriculum provides
an ultimate reason to integrate lessons in the arts and mathematics classrooms. Concepts in
geometry, spatial sense, and proportional reasoning would especially benefit from this type of
integration. Classroom instructors could use the standard textbook or instructional material and
differentiate it in a way to integrate other curricular subjects or student interests in their everyday
lessons. Instructional textbooks do not need to contain limits in regards to teacher individualism.
The typical mathematics textbook for the middle school level includes a chapter on ratios,
rates, and proportions, as well as a chapter on geometry. In the Prentice Hall Mathematics
Course 2 (2004) textbook, the ratio and proportions chapter covers the basics of ratios, finding
unit rates, and drawing diagrams to illustrate and solve problems. The chapter also includes
forming and solving proportions, real-world word problems relating to proportions, using and
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creating similar figures, and using all their acquired knowledge to solve problems involving
maps and scale drawings. Excerpts from the chapter are shown in Figures 6 and 7.

Figure 6. Excerpt 1 from Prentice Hall Mathematics Course 2 (2004).

Figure 7. Excerpt 2 from Prentice Hall Mathematics Course 2 (2004).
The geometry chapter discusses lines and planes, angles, bisectors, triangles, quadrilaterals, and
other polygons. It also covers diagram drawing, pattern explorations, congruent figures, circles,
and circle graphs. The vocabulary involved in this chapter includes prefixes and roots indicating
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the number of sides of a polygon, as well as location prefixes such as dia (through), para
(beside), and mid (middle). Mathematical terms such as “straight angle”, “intersecting lines”, and
“adjacent angle” are also shared with the reader. A geometry measurement chapter follows, and
it encompasses length, area, circumference, square roots, irrational numbers, and the
Pythagorean Theorem. Furthermore, it includes measurements, such as surface area and volume,
of three-dimensional figures. These textbooks provide a basis for geometry lessons, but also
allow extensions of each topic. Activities are suggested, of which students can acquire extra
hands-on experience to aide in more complete comprehension of the concepts involved. The
more often students have the opportunity to use the terminology involved, the more they retain
for future use. Depending on the instructional methods used, teachers can have a big impact on
this side of student learning.
Teacher Knowledge of Geometry and Proportional Reasoning
Even when the textbooks cover geometric concepts, teachers are sometimes reluctant to
teach the specifics because they lack the knowledge of how to teach them properly. They tend to
steer the focus towards algebraic methods. In their writings describing the Learning and
Teaching Geometry project, Seago, Jacobs, and Driscoll (2010) expressed concern about the
inclination of today’s mathematics curriculums to emphasize numbers and algebra, and veer
away from the importance of geometry. Even more, the teachers who are instructing geometry
often have a low comprehension of all aspects of the discipline, and thus lack capability to teach
it in a way that will allow the students to gain a deep understanding of the genuine concepts.
Teachers are often deficient in geometric experience and professional development and are
therefore unable to be fluent in their instructions. In addition, the methods of learning geometry
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have been substantially updated over the decades, so the teachers most likely learned geometry
in an entirely different way than what is expected today.
The Learning and Teaching Geometry (LTG) project was developed to provide teachers
with a “dynamic, transformational view of geometry in general” (Seago, Jacobs, & Driscoll,
2010, p. 202). More specifically, the project presented materials to engage teachers in gaining a
more profound understanding of similarity. In regards to tradition, “…congruence has often been
defined for middle graders as same size, same shape, and similarity has been defined as same
shape, not necessarily same size” (p. 202). Teachers and students alike may be prone to
misconceptions with these simple definitions. For example, confusion might lie in not
recognizing rotated figures, or miscomprehending the relationship between a 3-4-5 right triangle
and a 5-12-13 right triangle. The version of congruence definition adopted by the Learning and
Teaching Geometry project is: “two figures are congruent if one is equivalent to the other by a
combination of translations, rotations, and/or reflections” (p. 202). The LTG continues with,
“Our working definition of similarity is: two figures are similar if one is congruent to a dilation
of the other” (p. 202). The LTG developers hope to continue their work in creating professional
development materials for mathematics teachers.
Although this study is directed more toward secondary education, geometry begins on the
primary level. According to the Conference Board of the Mathematical Sciences (2001), illprepared high school students have forced a new rendition of topics required in the elementary
grades. This, in turn, puts revisions on geometric concepts teachers must grasp completely.
Among these topics are: visualization skills, properties and relationships of basic shapes, and
measurement skills and processes. It is also deemed important for teachers to acquire a
substantial technical vocabulary and understand the role of mathematical definition (CBMS,
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2001, p.21). In Jamar Pickreign’s (2007) study of pre-service teachers’ conception of rectangles
and rhombi, most participants were unable to articulate complete and accurate descriptions of a
rectangle or rhombus. Pickreign relayed that it is apparent that the pre-service teachers were
deficient in their geometric experience. Pickreign suggests that more concentration could be put
toward geometry topics in teacher preparation programs and professional developments. Teacher
confidence and level of preparation is a key to student success in geometry.
As indicated by Dicky Ng (2011), primary teachers generally only encounter geometry in
one high school course, and possibly a brush of it in one college course before gaining their
teacher certification. This brief encounter with geometry results in teachers’ knowledge of the
subject matter being poor, as well as their own confidence level in teaching it being low. Ng
related that studies have shown that primary teachers have difficulties in geometric vocabulary,
area and volume calculations, and producing transformations on a coordinate plane. They are
also weak in drawing trapezoids and describing properties of some quadrilaterals. Furthermore,
Ng indicated that studies have shown that improving the geometric knowledge of the teacher can
enhance students’ success in the discipline. Many teachers will postpone teaching topics of
difficulty until the end of the semester, or not get to them at all.
Unfortunately, ill-prepared teaches are not just a nationwide issue. Dicky Ng (2011)
studied teachers in Indonesia, but some of the results can easily be a description of mathematics
teachers in most countries. Ng discovered that teachers who had taught for more years tended to
have less knowledge of geometry. One speculated reason for this lower knowledge is that
Indonesian teachers do not work to improve or maintain their knowledge through professional
development or updated resources. An interesting finding for Ng was that teachers who taught a
wider range of grade levels had a higher level of mathematics content knowledge than their
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counterparts who have only taught at one or two grade levels during their career. A possible
reason for this is that they are able to witness the scope and sequence of a wide range of the
mathematics curriculum. Ng suggests school districts could consider insisting instructors teach a
range of grade levels to improve their own professional learning.
A connection exists between a teacher’s geometric aptitude and subsequent student
ability. Kuzniak and Rauscher (2011) conducted a study with secondary educators to find a
relationship between the teacher’s knowledge of geometry and the performance of their students.
They initially stated that differences in the approach of teachers and students in geometric
paradigms may lead to misunderstandings. They claimed, “Certain terms (such as construction)
can assume different meanings depending on teachers’ and students’ standpoints on the same
question” (p.133). Included in their study was the question in Figure 8.
Question: Why can we assert that the quadrilateral
OELM is a rhombus? Marie maintains that OELM is a
square. Charlotte is sure that it is not true. Justify
your reply.
Who is right?

Figure 8. Kuzniak and Rauscher’s Charlotte and Marie ambiguous problem (p. 9).
All of the teachers concluded that Charlotte was correct, but they did not all share the same
thought processes. Although most of the teachers had a sufficient grasp of the geometric
knowledge involved in the problem, they differed in their awareness of the vagueness of the
question and the importance of the drawn figure. Their responses on how to handle student
responses also differed greatly. Some teachers concentrated more on properties and theorems,
whereas others were interested in the real and local space. Still others were more concerned with
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methods used by the students to solve the problem. Teachers also had contrasting stances of how
they take into account student difficulties. Kuzniak and Rauscher believe this may be the result
of preconceived notions that teachers have about geometry when it comes to student
performance. Increased time and effort put forth by teachers to brush up their skills in geometry
could greatly benefit students. Perhaps regularly required professional development for teachers
could help regulate methods of teaching geometry in the classroom so that teacher and student
confidence and performance in geometry improves.
Teacher Approach and Representation of Material
No matter the geometric knowledge possessed by teachers, the manner in which they
approach geometry in their classrooms can have a significant impact on the learning capabilities
of their students. Begg and Cavagna (2009) believe using open-ended activities can be a
compelling way to reveal student thinking and learning. They created a project in which their
students used isometric drawings to examine 3-dimensional shapes and scaling. They found the
students to be more motivated and innovative when they were given freedom in what to draw for
their assignments. Many students developed more complex drawings than what the teacher
would have selected. Begg and Cavagna feel the use of open-ended activities is an opportune
way to assess the students in their geometric understanding and performance. Not using rote
straight-forward questions is also a way to retain the students’ interests in learning geometry.
It is the belief of Herbst, Gonzalez, and Macke (2005) that students can develop a greater
sense of geometric appreciation if they are engaged in activities that promote the generation of
figures according to specified properties. While working on such projects, students can grasp the
definitions of particular geometric objects and learn what it means to define mathematical
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concepts. These authors suggest that students should learn how to relate to figures by their
explicit definitions. They recommend utilizing a game, called Guess My Quadrilateral, in which
students generate figures rather than describing them. This method allows students to talk about
the attributes of figures and recognize their true properties. The authors find this to be a
beneficial pedagogical tool.
A similar method, with the exception of combining a picture method with the definition
method, is considered by Milovanović, Obradović, and Milajić (2013). Since geometry requires
visualization to understand definitions and theorems, they found that students are more
successful when problems are presented both textually and visually. This method improves the
existing knowledge and broadens it with new facts. Furthermore, the authors advise that
multimedia representations of geometric problems provide a more interesting view for students
and make the problems easier to make sense of.

Their research indicates that the use of

multimedia learning achieves higher test scores. Their specific research investigated the software
use of Geogebra and Geometer’s Sketchpad. (Figure 9 illustrates a trapezoid, including the
dimensions of each side, created on Geogebra.)

Figure 9. Trapezoid created on a Geogebra software program.
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From the teachers’ viewpoints, multimedia lectures prove more motivating for students. For the
students, learning geometry with this method offers more visual aid and is easier to comprehend.
According to students in the research, the animations used in multimedia lessons are worth much
more than words could ever be.
Words, do, however, make a difference, too. Capraro and Capraro’s (2006) study
analyzed how literature could supplement instruction in a geometry course. According to the
standards issued by The National Council of Teachers of Mathematics, promoting
communication and integration across subjects is important for success in mathematics. This
includes adding real-world context through writing and the spoken language (Capraro &
Capraro, 2006). Using literature books in the mathematics classroom assists learning by
improving student interaction with mathematical ideas represented by words. This method helps
the students to make sense of mathematical vocabulary. While mathematics courses become
more dependent on interpretation and comprehension of vocabulary as the grade levels increase,
finding ways to stimulate students’ understanding becomes more important. Stories in the
mathematics classroom can aid in this by solidifying concepts for children and clarifying
misconceptions. This study generated results in which students developed “meaningful formulas
and procedures through investigation rather than memorization” (Capraro & Capraro, 2006,
p.34), proving their hypothesis that literature aids in learning geometry.
Literature inclusion is one way to incorporate extra stimulation in the geometry
classroom. Another proposed approach, introduced by Sarah Matthews (2005), is for teachers to
use interactive activities. Her claim is that interactive experiences add variety to the lessons and
engage the students, while enabling them to gain insights into mathematical concepts. Ian
Sheppard (2009) also promotes interactive classroom activities, albeit with real-world variances.
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His study incorporated tool making to bring real-world mathematics to the classroom. For his
experiment, high school students created their own super-size protractor. The construction, and
hence use of these protractors, enabled students to make connections between the geometry
curriculum and the real world. It enhanced their mathematical understanding while encouraging
students to articulate and provide reasons for construction steps. The entire project was an ideal
way to cater to multiple learning styles, which is so often difficult in geometry. Just as in so
many disciplines of mathematics, real-world and hands-on applications included in the geometry
classroom provides a boost to student comprehension and performance.
Actual Math Involved and Abilities of Students
Although the geometry course in American schools is quite involved, there is room for
advancement in the curriculum (Clements, 2003). Beginning with basic geometric concepts in
elementary grades, students proceed to axiomatic and Euclidean geometry in high school. As
students progress in grades, they learn more geometric objects, but do not necessarily acquire
deeper levels of geometric analysis. Much of the geometry curriculum builds up over the years,
especially spatial perceptions, distance and angularity relations, and construction of topological
relations. When it comes to conceptions about shapes, students have a need to engage in active
exploration of them in order to fully understand them. Clements discusses the well-known van
Hieles geometry progressions. The van Hieles’ theory is based on assumptions that thoughts in
geometry progress through a series of levels. Level one is the visual level, in which shapes are
recognized, but students are unable to form mental pictures of them or understand any of their
properties. Level two is the descriptive, or analytic, level, in which students can recognize the
properties of shapes and be able to characterize the shapes. This is accomplished through
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observing, measuring, drawing, and modeling. Not all students at this level, however, are able to
see relationships between classes of figures. Unfortunately, too, this level is often not reached
until middle or high school. The third level is the abstract, or relational, level. It is at this point
that students use informal deduction and arguments to discover properties and justify their
classifications of figures. At level four, axioms and theorems come into play, and students are
able to construct proofs. The entire van Hieles system is not without faults, but it is a good
indicator for educators as to children’s mental representations of geometric concepts and
misconceptions.
Many studies and research have indicated that students have difficulties in the strand of
geometry. Stavy and Babai (2008) found that student difficulties in the reasoning process of
geometry increase as the complexity of shapes increases. It also causes a decrease in the
accuracy of responses and an increase in reaction times. In a specified study, it was recorded that
seventy percent of students mistakenly alleged that the perimeter of a rectangle was larger than
the perimeter of a derived polygon, simply because they assumed the greater area of the
rectangle meant it had a greater perimeter. Gal and Linchevski (2010) found a common failure
among students was related to the inference of mathematical properties of axiomatic geometry.
Their findings indicate that a student’s initial visual perception of a geometrical figure may lead
them awry in distinguishing the relevant characteristics from the irrelevant ones. In Dana Cox’s
(2009) study, however, results revealed that visual perception might be a powerful indicator of
conceptual understanding in the subject of similarity. Cox discovered that students will use
visual perceptions to scale complex figures and then make sense of shape characteristics and the
numeric relationships between them.
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As discovered by Friedman, Kazerouni, Lax, and Weisdorf (2011), using a personal
math concept chart in the classroom can alert the teacher to the extent of a student’s geometrical
understanding. The chart can be completed with a combination of verbal and visual definitions
and illustrations. Requiring such a communication tool as the personal concept chart can
strengthen a student’s ability to use precise mathematical language through clarifying
mathematical definitions and generalizations. This, in turn, facilitates the understanding of
mathematical concepts. Friedman, Kazerouni, Lax, and Weisdorf suggest the use of open-ended
learning tasks in conjunction with the graphic organizer in order to encourage students to make
their own discoveries while applying their previous knowledge to new ideas. In this particular
study described by the authors, it was found that students using personal math concept charts
were able to express their knowledge more specifically with relevant mathematical terminology
on assessments. It was also observed that the entire class increased the quality and depth of their
mathematical discussions. Along with the improvement on the conceptual understanding, the use
of the charts enabled the teachers to identify student misconceptions.
A study funded in part by a National Science Foundation grant examined how different
cognitive styles affect the ability to solve geometry problems (Anderson, Casey, Thompson,
Burrage, Pezaris, and Kosslyn, 2008). The three styles investigated were verbal deductive,
spatial imagery, and object imagery. It was examined whether or not a student’s specific
cognitive style would determine the performance level of geometric problems with clues that
embrace their particular learning style. It was discovered that spatial imagers and verbalizers
scored well throughout all types of geometric problems, whereas students prone to the use of
object imagery did not perform well.
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An empirical study reported by Pitta-Pantazi and Christou (2009) explored the effect of
using dynamic geometry with different learning styles of students. They found that all students
increased their scores with the use of dynamic geometry, but, surprisingly, students with
imagery-based cognitive learning styles did not gain as much as the students with a verbal-based
cognitive style. This suggests that it is important to complement a student’s learning style and
allow them to utilize material in a format that they are not as prone to using. Although dynamic
geometry is becoming more and more common in the geometry classroom, it is possible that it
may hinder the learning style of some students. Nevertheless, technology is here to stay, and
teachers need to learn how to incorporate it in a way that will benefit every type of learner.
However, teachers must not neglect the good old-fashioned methods of hands-on activities. In
order to obtain optimum success, a well-rounded geometry classroom should embrace
exploration, deductions, classifications and concept charts, visual and tangible props, and
computer geometry programs.
The Use of Technology in the Geometry Classroom
Mathematics students today are inclined to memorize formulas in order to perform
calculations, but seldom do they understand the mathematical concepts (Nordin, Zakaria,
Mohamed, and Embi, 2010). This hinders the ability to solve real-world problems that involve
mathematical concepts and skills. One way teachers can help resolve this issue is to introduce
information and communication technology into their classroom. An example of this is the
Geometer’s Sketchpad, a dynamic geometry software program that offers an exploratory
approach to mathematics. With this software, students are able to construct and animate
geometrical figures and then manipulate, analyze, and make conjectures about their
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constructions. Automatic calculations are performed, allowing the student to adjust the angles,
lengths, and ratios while the drawing is under construction. The student is more apt to understand
shapes, relations, and transformations with this type of program. This software enables the
teacher to get immediate feedback on student performance, as well as provide the students with a
diverse learning method in which they seem to enjoy.
Similar findings on the use of Geometer’s Sketchpad are reported by Cenk Keşan and
Sevdane Çalişkan (2013). They confirm that computer software programs help students develop
high-level skills and establish their own mathematics by formulating hypotheses and then
exploring the subject. Students have more opportunity to concentrate on math structures, and
their imagination power increases, opening the path to bigger creation and discovery in the math
world. Figure 10 lists some more advantages of using computer-assisted instruction in the
mathematics classroom.















It provides an appropriate classroom instruction by buying time for the students in their environments.
Student's immediately learning the accuracy of given answers saves morale.
Programs, especially for slow-learning students provide a more positive educational environment.
Errors would not be embarrassing since they are not in front of other students.
Computer-assisted training is effective for students having learning difficulties, from various ethnic groups
and with disabilities.
The colors, music, and dynamic graphics used in laboratory activities give realism and selectivity to the
subject.
Students' progress can be observed by preparing individual instructions.
Computers, provide an increasing data base in accordance with the development of information.
Computers can use all the information belonging to text, hearing, and image.
A lot of information can be entered for teacher use. Furthermore, the computer gives the individual selflearning experience. In these learning experiences a variety of teaching methods are used.
Computer provides reliable and affordable education from one student to another without depending on
the teacher and time.
Computer-based training increases the effectiveness of teaching. The event is the increase of student's
success. Qualification is reaching the goal as soon as possible with less cost. Qualifying is very important in
business and industry and its importance in education is increasing.
The emergence of systems used easily has provided opportunities for some trainers to develop their own
training programs (DERD, 2002:203-204)

Figure 10. Keşan and Çalişkan’s benefits of using computer-assisted instruction (pp. 131-132).
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The benefits of using dynamic geometry in the mathematics classroom is also highlighted
by Wong, Yin, and Yang (2012). Other than Geometer’s Sketchpad, they mention Cabri
Geometry II, Geometry Expert, and Cinderella’s Café as choices of software that motivate
students. They reiterate the fact that the software programs allow students to explore variations
of figures and discover their own conjectures of them. The dynamic software lets a student drag
a geometric object dynamically while maintaining the geometric invariants. Manuel SantosTrigo (2004) describes how the construction of simple geometric configurations with dynamic
software can lead to further questions in which the students use previous knowledge and
exploration to develop their own conjectures. The program can provide evidence for the students
to demonstrate and communicate their justified results. The process of observing and
documenting the behavior of families of objects can lead students to the discovery of new
theorems and the expansion of concept and relationship knowledge.
As reported by Bulent Guven (2012), an experiment was conducted to investigate the
effect of dynamic geometry software on student achievement. The specific software involved
was Geometric Supposer. The results indicated that students who used the software scored
significantly higher on high-level and application problems than those who did not experience
the use of the software. However, there was no significant difference between the two groups on
low-level problems. Another experimental study indicated that the use of Geometer’s Sketchpad
in a sixth grade classroom improved student performance with polygons, congruency, and
similarity.
With all the continuous changes among national and state standards and expectations of
teachers and students, modifications in geometry are sure to come. Hopefully, prospective
teachers will become more prepared during their education and training to encounter all the
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conceptual requirements that geometry involves. If improvements demand the use of dynamic
software, then teachers will need to familiarize themselves with their operations. More research
could possibly be conducted as to the specifics topics of geometry that need to be looked at more
intensely and with scrutiny, both in regards to teacher comprehension as well as student
comprehension.
Experimental Design and Data Collection
The following subheadings explain the design, participants, and instruments used in this
research.
Design
This experiment was designed to test the hypothesis that students would create a more
accurate drawing of geometric figures when given instructions consisting of more precise
geometric language. It also tested the success of using oral instructions as opposed to written
instructions. Each drawing that was described to the students was comprised of six geometric
figures connected to each other in some way (see Figure 11). Some aspects, such as inscribed
figures, diameters, congruency, and vertices were purposely included in this design. Also, names
of specific polygons were used in precise instructions.

Figure 11. Figure 1 (left) and figure 2 (right).
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The tests were given in two sets on two separate occasions. The first portion of set one was
administered orally, and consisted of formal language describing the first figure compilation. The
students drew the figure that was described to them, and then handed their papers to the class
instructor, who was not the researcher. The second portion of set one described the second
figure and was given by written instructions using formal geometric terminology. Again, the
students drew the figure and turned in their completed drawing. The second set of testing was
administered one week after the first test.

Portion one consisted of a test with written

instructions describing the first figure using informal language. Again, a drawing was completed
by the students and handed in to their class instructor. The second portion of set two described
the second figure with informal geometric terminology and was given orally. See the table in
Figure 12 for testing details.
Week One

Week Two



Oral instructions



Written instructions



Informal language



Formal language



Written instructions



Oral instructions



Informal language



Formal language

Figure 12. Testing schedule details.
The completed drawings were turned in. During all testing, students were not shown the figures
that were described, and the students were barricaded from viewing drawings of their peers.
Once the last test was collected, the participants were provided with a follow-up survey. This
survey asked students to rate their level of competency in understanding geometric language, as
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well as their comprehension of properties of geometric figures. They were also asked to consider
their presumed performance on the four different portions of the test.
Participants
This study was conducted at a comprehensive, selective, public, residential liberal arts
university located in the Northeast. The university employs a total of about 500 faculty, with
88% of those being full-time with a Ph.D. or terminal degree. The institution hosts
approximately 5,500 students. The top geographic origins of these students are the five
surrounding counties. The ethnicity of the students is reported as 81% White, 4.7% Hispanic,
4.2% Non-Hispanic Blacks, 3.5% Asians, and 2.4% Multiple Races.
Forty college students participated in this study. However, only the results of 26 were
complete enough to use in the statistics. Eleven of these students were enrolled in a University
Precalculus course, and fifteen were enrolled in a Prize-Winning Mathematics course. Both
classes were taught by graduate student instructors. Both courses satisfy a general education
requirement for liberal arts majors. The three-credit hour classes were taught by instructors other
than the researcher. The University of Precalculus class met twice a week for an hour and fifteen
minutes, and the Prize-Winning Mathematics class met three times a week for 50 minutes each.
Gender of the students was not recorded for this research and identification of the students
remained anonymous.
Instrument Items and Justification
Two sets of instruments were administered for this experiment. Figure 13 identifies the
diagrams described to the students to draw, and Figures 14 and 15 provide the two sets of
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instructions that were given. One set was given orally, while the other set was given by written
instructions. The experiment was conducted on two separate dates, one week apart.

Figure 1

Figure 2

Figure 13. Instrument diagrams described to students.
Figure 1 Informal Instructions







Draw a six-sided figure, with all equal sides.
Draw a line through the middle of it from left to right.
In the top half, draw a box with one of the sides as long as the top of the 6-sided figure.
On top of the 6-sided figure, draw a 4-sided figure, with the sides going outward.
Draw a circle on both sides of where you drew the line through the 6-sided figure. The circles
should be of a size that would fit inside the box.
Draw a triangle, with a flat side on top, inside the right circle.

Figure 1 Formal Instructions








Draw a regular hexagon, with the diameter being about 2 inches long, and each edge being
about 1 inch in length. (The interior angles will each be 120 ˚.) The orientation of the hexagon
should include one edge parallel to the bottom of your paper.
Draw a horizontal diameter across the hexagon, from one vertex to its opposite vertex.
In the trapezoid that makes up the top half of the hexagon, draw a square. The edges will be
1 inch, just like each edge of the hexagon, and it will touch the top and bottom edges of the
trapezoid.
Draw a trapezoid, congruent to the trapezoid halves of the hexagon, directly on top of the
hexagon, but rotated 180 ˚ so that the 1-inch sides of the two trapezoids make up the same
line.
Outside of the right exterior vertex of the hexagon (the vertex that is connected to the
diameter), draw a circle with a 1-inch diameter, so that the circle is tangent to the hexagon
on the vertex.
Draw another circle, congruent to the first, outside of the left exterior vertex (the one
connected to the diameter).
Inscribe an equilateral triangle in the right circle. One vertex of the triangle should be pointed
downward.

Figure 14. Informal and formal instructions for Figure 1.

Nickerson 28

Figure 2 Informal Instructions







Draw a four-sided figure with the top and bottom sides equal distance from each other
and the right and left sides are angled out, so that it is wider at the top than it is on the
bottom. The right and left sides should be the same length. The top should be the width
of about 3.5 fingers, and the bottom should be the width of about 2 fingers.
Divide the figure into three equal triangles.
Draw a narrow 4-sided figure, about the width of a finger, with the long side touching the
right side of the original figure. The top of it should be longer than the original figure.
Draw another 4-sided figure of the same size on the left side of the original one. This
time, the bottom will be longer than the original figure.
Draw a circle inside the right triangle, touching the sides of the triangle.

Figure 2 Formal Instructions







Draw a trapezoid with the larger parallel edge being on top, and measuring about 2.5
inches. The bottom edge should measure about 1.25 inches, giving interior angle
measurements of 110 ˚ and 70 ˚.
Divide the trapezoid into three congruent isosceles triangles.
Inscribe a circle in the triangle positioned to the right.
Draw a rectangle, about 2.25 inches tall and .75 inches wide along the right edge of the
trapezoid. The bottom left corner of the rectangle should be touching the bottom right
vertex of the trapezoid. The top of the rectangle will be extending beyond the top of the
right edge of the trapezoid.
Draw another rectangle, congruent to the first, and position it along the left edge of the
trapezoid, but letting it extend beyond the bottom left edge of the trapezoid. The top
right corner of the rectangle should be touching the top left vertex of the trapezoid.

Figure 15. Informal and formal instructions for Figure 2.
One or both of the figures purposely incorporated the use of specific polygons, symmetry,
congruent figures, inscribing figures, and angle and side measurements. The use of informal
(general) terminology for one set of instructions was utilized as a control in order to examine
whether the students were able to draw the figures with common vocabulary. It was also used as
a comparison measure with the formal (precise) directions. The explicit language instructions
were implemented in order to examine how well the students understood geometric language.
One set of each of the instructions was given orally for two purposes. One reason was to explore
the difference between oral and written instructions in regards to following instructions carefully.
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The other reason was to provide an equal opportunity for students who cannot read very well to
still be able to demonstrate their geometry skills. The purpose of the written instructions was to
provide necessary time for students to read the instructions at their own pace and have time to
digest the information before proceeding to the next step. Also, it provided an instruction method
for students with difficulty hearing and listening. A pilot experiment was conducted with high
school students familiar to the researcher to evaluate the accuracy of the instructions, and
clarifications were made as a result of the pilot test.
Figure 16 identifies the follow-up survey questions given after both drawing sessions
were complete. These questions were formed in order to get information relevant to the
experiment that was not evident from the drawing results. The acquired information helped
assess the comprehension of geometric language and distinguish between oral and written
instructions.

1. On a scale of 1-5, how difficult were the directions? (1 is easiest, 5 is most difficult)
2. Which set of directions was easier to follow, the basic language or the geometric language?
3. Which set of directions was easier to follow, the oral instructions or the written instructions?
4. Between 1 and 5 (5 being the closest), how close do you think your figure is to the original?
5. Rate your level of competency in understanding geometric language. (1-5, with 1: do not
understand and 5: understand very well).
6. Rate you level of comprehension of geometric properties. (1-5, with 1: do not understand and 5:
understand very well).

Figure 16. Follow-up survey questions.

Nickerson 30

Methods of Data Analysis
In order to examine the accuracy of each figure, the drawings were assessed using the
rubric displayed in Figure 17. Assessments were based on size and accuracy of each individual
figure of the compilation, along with placement of the shapes in relation to the other figures.
Each rubric column heading was individually calculated, and then the overall score was
calculated. A maximum of 16 points was possible for each figure, giving a total possible 64
points for all four drawings.

The scores were entered into a Works Spreadsheet and

subsequently entered into Minitab to configure the descriptive statistics of the quantitative
results, such as the means of the scores for each category. A linear model was generated to
compute relations between variables. A summary followed to generalize the results.
Assessment Rubric

Points

Figure 17. Assessment rubric.
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Minitab statistical software was used to generate a general linear model of descriptive statistics
to compute relations between variables in this study. An analysis of variance of score was
created to produce p-values for the variables.
Results
Quantitative Test Results
Five primary results emerged from the collection and analysis of this study’s assessments
and surveys. The results seem to invalidate the hypothesized statement that oral instructions will
produce more accurate results than written instructions. The other aspect of the hypothesis,
whereas it was predicted that formal, precise language would generate more accurate results,
produced uncertain results. The following are the principal results that transpired from this study.

1. Scores from assessments with written instructions were significantly higher than scores
from assessments with oral instructions. (written mean 3.05, oral mean 2.62, p-value
0.000)
2. No significant differences transpired between scores of assessments using formal
language and assessments with informal language. (formal mean 2.774, informal mean
2.897, p-value 0.056)
3. Survey results of students’ opinion of the accuracy of their figures to the actual figures
had a relatively high correlation (r = 0.527), considering human participants were used.
4. Survey results of students’ opinion of the difficulty of directions also had a relatively
high correlation (r = -0.428) when considering the use of human participants.
5. Significant results emerged from two smaller aspects of the experiment:
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o The University Precalculus class obtained higher scores than students in the PrizeWinning Mathematics class. (U.P. class mean 50.5, P-W. class mean 42.22, pvalue 0.000)
o Students received higher scores on Figure 1 (base of hexagon) than on Figure 2
(base of trapezoid). (Figure 1 mean 2.942, Figure 2 mean 2.728, p-value 0.002)

Result #1 - Scores from assessments with written instructions were significantly higher than
scores from assessments with oral instructions.
Figure 18 displays the percent of oral score totals compared to percent of written score
totals. The p-value for oral versus written was 0.000, which indicates a significant difference
between scores of oral and written instructions.

Score
4.0
3.5
3.0
2.5
2.0
1.5
1.0

100

Percent

80

60

40

20

0
Oral/Written

Oral

Written

Figure 18. Percent of oral score totals compared to written score totals.
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The mean for oral instruction scores, both formal and informal language, was 2.62. The written
instruction scores mean was 3.05. Interestingly, the responses from the student surveys correlate
with the score results. A little more than three-fourths (77%) of the students felt that the written
instructions were easier than the oral instructions. Figure 19 shows the distribution of written and
oral scores separated in the survey’s responses of which method was easier to follow. Students
who felt oral instructions were easier actually performed better with the written instructions than
those students who felt written instructions were easier. There was more variability among the
oral scores. The written scores were more tightly clustered with less inter-quartile range. Results
of these oral and written scores nullified the hypothesis statement that oral instructions will
produce more accurate results than written instructions. When the hypothesis was conjectured,
the researcher thought that some students may have trouble reading. In a more diverse class or a
younger class, this hypothesis might possibly have more viability.

oral or written easier
Written Total

oral
written

Oral Total

oral
written

10.5

14.0

17.5

21.0
Scores

24.5

28.0

31.5

Figure 19. Actual written and oral results compared to students’ choices of easier method.
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Result #2 - No significant differences transpired between scores of assessments using formal
language and assessments with informal language.
The p-value for informal versus formal language was 0.056, which does not disclose a
significant difference. Possibly if the sample size was larger, the p-value may approach a more
significant difference. The percent of informal score totals compared to formal score totals are
presented in Figure 20. The mean of the scores of assessments using informal language was
2.897, compared to a mean of 2.774 for assessments using formal language. This is not a great
variation. However, the student surveys showed a distinct variation in their choice of easier
language. Approximately three-fourths (77%) of the students considered the informal language
to be simpler to follow than the formal language. Figure 21 represents the distribution of survey
outcomes of choosing formal or informal language as simpler to follow, separated by the scores
of informal and formal language assessments. As shown by the dotplot for both informal and
formal scores, those students who said formal language is easier had a slightly higher median of
scores with less range than those students who felt informal language was easier.
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Figure 20. Percent of informal score totals compared to formal score totals.
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informal or formal easier
informal total

formal

formal total

informal
formal
informal
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14.0

17.5 21.0
Scores

24.5

28.0

31.5

Figure 21. Actual informal and formal results compared to students’ opinions of easier language
type.
Students assessed their own level of comprehension of geometric properties on a scale
from 1 to 5, with 5 being the highest understanding level. Their mean rating was 3.173. The
correlation between total scores and comprehension level of geometric properties was calculated
and resulted in a medium positive correlation of 0.505. This indicates that an increase in
students’ confidence of their own comprehension results in a slight increase in total scores.
Students also assessed their own level of comprehension of geometric language on a scale from 1
to 5, with 5 being the highest understanding level. According to the survey results, the mean
rating was 3.285. The calculated correlation between total scores and the comprehension level
was 0.372. This indicates a positive correlation that is slightly low. This tells us that the
comprehension confidence level does not have much influence on the actual scores. Figure 22
shows dotplots of the comparisons between total scores and comprehension levels of geometric
language and properties.
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Figure 22. Total scores compared to comprehension levels of geometric language and properties.
Result #3 - Survey results of students’ opinion of the accuracy of their figures to the actual
figures had a relatively high correlation (r = 0.527), considering human subjects were used.
A correlation was calculated between total scores and students’ predictions of how close
their compiled figures were to the actual figures. The result was a correlation of 0.527. Figure 23
illustrates that this correlation shows that their confidence level of accuracy was fairly consistent
with their ability.
60
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closeness to figure
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Figure 23. Score total compared to students’ estimations of closeness to actual figure.
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Although a correlation of 0.527 would generally not be considered high, it is relatively high
when considering human participant, since individuals can vary considerably. The r 2 value is
27.8%, telling us that only a little more than a quarter of the variance of either variable (total
score or students’ closeness to figure estimations) can be explained by the other.
Result #4 - Survey results of students’ opinion of the difficulty of directions also had a
relatively high correlation (r = -0.428) when considering the use of human subjects.
A calculation between total scores and students’ opinions of the difficulty of directions
resulted in a negative moderate correlation of -0.428. As this relationship is shown in Figure 24,
some of the total scores decrease as the difficulty of directions increases. There are, however, a
wider range of scores for those students who felt the directions were more difficult. The r 2 value
shows only 18.3% of the variation is related. This indicates that the students’ estimations of
difficulty is not a big contributing factor of the total score.

60

total score
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40
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students' estimations of difficulty of directions
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Figure 24. Score total compared to students’ estimations of level of difficulty of directions.
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Result #5 - Significant results emerged from two smaller aspects of the experiment:
o The University Precalculus class obtained higher scores than students in the
Prize-Winning Mathematics class.
o Figure 1 produced higher scores than Figure 2.
The p-value that compares the total score to the class was 0.000. This depicts that one
class that participated in this experiment was significantly different than the other class. The
University Precalculus class had a mean total score of 50.5, whereas the Prize-Winning
Mathematics class had a mean of 42.22. The sample size was not large, though, so this does not
necessarily confirm that one class would perform higher in geometric mathematics than the other
class.
The p-value that compares the total score to the figure drawn was 0.002. This is also a
significant difference, which suggests that one figure was easier to draw, or at least understand,
than the other. The mean score for the Figure 1 was 2.942, and the mean score for Figure 2 was
2.728. The figures were both created with the same number of geometric shapes in them in hopes
to minimize the figure effect on the final scores.
Overall, results indicated that students performed better with written instructions and
informal language. Possibly if the sample size was larger, these results would differ. The survey
results indicated that the students did not feel the directions were very difficult, although their
confidence level was only mediocre. The students’ own rating of their comprehension level in
geometric language and properties suggested there is room for improvement in the geometry
classroom in regards to a good grasp on concepts.
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Qualitative Test Results
The qualitative results were acquired from the drawings and were analyzed in four
separate categories, depending on the type of language used and the method of instruction. The
principal results for each category are as follows:

1. Regarding written instructions with informal language:
a. All students understood the direction to divide the figure into 3 equal triangles.
b. There were several different interpretations of the third and fourth instruction.
c. Misjudgments of size estimations were evident.
2. Regarding written instructions with formal language:
a. Common misjudgments of size occurred often with the hexagons and circles.
b. There were many misinterpretations of geometric terms, such as hexagon and
trapezoid.
c. All students understood the vertex to vertex horizontal line instruction.
3. Regarding oral instructions with informal language:
a. Some students misunderstood the 6-sided figure, leading to errors with the vertex
to vertex horizontal line.
b. Misinterpretations were common with shape descriptions, such as the four-sided
figure.
c. There were common misconceptions of shape positioning, especially for the
students who made previous errors with shape descriptions.
4. Regarding oral instructions with formal language:
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a. Many misinterpretations of geometric terms occurred, especially the terms,
“trapezoid” and “inscribe”.
b. Several students had misjudgments of size for parts of the figure or the overall
figure.
c. Students had common missing shapes, specifically the circle inside the triangle.

Result #1 - Written instructions with informal language:

a. All students understood the direction to divide the figure into 3 equal triangles.
b. There were several different interpretations of the third and fourth instruction.
c. Misjudgments of size estimations were evident.
In the figure 2 in which students were given written instructions with informal language,
the direction of dividing the drawn figure into three triangles was surprisingly followed by all
students. Figure 25 shows examples of triangles drawn correctly.

Figure 25. Trapezoid correctly divided into three triangles.
Although not specified as a trapezoid, all students understood the directions to begin
with a four-sided figure with a wider top and narrower bottom equal distance from each other.
The third and fourth directions stated, “Draw a narrow 4-sided figure, about the width of a
finger, with the long side touching the right side of the original figure. The top of it should be
longer than the original figure. Draw another 4-sided figure of the same size on the left side of
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the original one. This time, the bottom will be longer than the original figure.” Students seem to
have interpreted these directions in many different ways (as evident in the samples of Figure 26).
More specific directions about the placement might have made it more apparent to the students.
Some drawings just had the vertexes touching, rather than the entire edge. Two drawings were
overlapping the original, and others were completely inside the original figure. The majority of
drawings did, however, have the correct length in regards to the original figure.

Figure 26. Interpretations of a narrow figure drawn along the side of the first figure.
A common error in the drawings was miscalculations in size, such as the side rectangles.
Although everyone’s fingers are different sizes, some figures (Figure 27) were about double or
even half the expected size.

Figure 27. Misjudgments of size.
Result #2 - Written instructions with formal language:

a. Common misjudgments of size occurred often with the hexagons and circles.
b. There were many misinterpretations of geometric terms, such as hexagon and
trapezoid.
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c. All students understood the vertex to vertex horizontal line instruction.

In response to the instruction of drawing a hexagon with a diameter of 2 inches, several
students under-estimated the size. Also, students miscalculated the 1-inch diameter of circles.
The sizes varied greatly, from quarter-inch diameters to two and a half-inch diameters. Figure 28
shows examples of an under-estimation and a miscalculation of circle size.

Figure 28. Miscalculations of size.
The measurements were often distorted compared to the hexagons. For example, a student with a
hexagon of correct size had circles with the same diameter as the hexagon.
A lack of comprehension of geometric terms was evident. Some students drew an
octagon in place of a hexagon, while another student drew two trapezoids with narrower edges
flush together instead of a hexagon. Two individuals did not put any figure on top of the hexagon
(instructed to draw a trapezoid). One student drew a parallelogram on top of the hexagon, rather
than a trapezoid. This was odd, since instructions specified to draw a trapezoid, congruent to the
trapezoid halves of the hexagon, directly on top of the hexagon. Figure 29 gives an example of
three of these mistakes.

Figure 29. Misinterpretations of geometric terms.
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All students understood the term vertex when instructed to draw a horizontal diameter
from one vertex of the hexagon to the opposite vertex. For those students, however, who drew an
octagon instead of a hexagon, their horizontal line did not divide the figure into two equal parts.
(Figure 29 shows this error.) Two examples of proper placement of the horizontal diameter are
shown in Figure 30.

Figure 30. Correct placement of horizontal line.
Result #3 - Oral instructions with informal language:

a. Some students misunderstood the 6-sided figure, leading to errors with the
vertex to vertex horizontal line.
b. Misinterpretations were common with shape descriptions, such as the foursided figure.
c. There were common misconceptions of shape positioning, especially for the
students who made previous errors with shape descriptions.
The oral instructions with informal language did not specify a hexagon, but it did direct
the students to draw a six-sided figure with all equal sides. The next instruction stated to draw a
line through the middle of it from left to right. Although it asked for a six-sided figure, some
students drew an eight-sided figure (as illustrated in Figure 31).
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Figure 31. Errors in horizontal line due to errors in six-sided figure.
This impinged on the instruction to draw a line through the middle, which was intended to
connect a vertex to its opposite vertex. The students drew a line through the middle, but it
connected a midpoint of a side to the midpoint of its opposite side.
Only eight of the twenty six students drew a trapezoid on top of the hexagon. Obviously,
the instruction to “draw a 4-sided figure with the sides going outward” was misinterpreted, as
evident in Figure 32.

Figure 32. Misinterpretations of shape descriptions.
Many shapes were rhombi or just rectangles drawn on top. When told to draw a triangle within
the right circle, one student simply drew a line.
The error in drawing an octagon in place of a hexagon led to troubles with positioning

a

box inside the top half of the hexagon. The top edge of the square could not be flush with a flat
side of the original figure. Four students also had trouble understanding that the circles were to
be placed outside of the original figure. Figure 33 shows two examples of this error. This is
understandable because the instructions stated, “Draw a circle on both sides of where you drew
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the line through the 6-sided figure. The circles should be of a size that would fit inside the box”.
These directions do not specify that the circles should be placed outside of the figure.

Figure 33. Circles placed in wrong position.
Result #4 - Oral instructions with formal language:

a. Many misinterpretations of geometric terms occurred, especially the terms,
“trapezoid” and “inscribe”.
b. Several students had misjudgments of size for parts of the figure or the overall
figure.
c. Students had common missing shapes, specifically the circle inside the triangle.
When given oral instructions with formal language, several misinterpretations of
geometric terms occurred. The instructions specified to draw a trapezoid, and 4 students drew
other 4-sided figures, rather than a trapezoid. Eight students did not seem to comprehend the
word “inscribe” when told to inscribe a circle in the triangle positioned to the right. These
students placed the circle inside the triangle, but sides were not touching the triangle. Figure 34
illustrates inaccuracies of the “trapezoid”, as well as an incorrect “inscribed” circle.

Figure 34. Misinterpretations of geometric terms.
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Only eight students positioned rectangles on the correct vertexes of the trapezoid. Other
rectangles varied as to the vertex and direction they were placed.
Again, many students had misjudgments of size when given specific measurements. One
complete drawing was a perfect figure compilation, but it was a smaller scale than denoted.
Others had proper measurements for the initial trapezoid, but then drew rectangles that were offscale. Surprisingly, three students commonly missed placing the circle in the triangle of the
trapezoid. Maybe it was an overlook of the directions. Figures 35 and 36, respectively, show
misjudgments of size and common missing shapes.

Figure 35. Misjudgments in size.

Figure 36. Common missing shapes.
Implications for Teaching

The hypothesis tested the comprehension level students have in regards to geometric
terminology. Based on student performance on the assessment, there were several
misinterpretations of geometric terms. In the follow-up survey, students related that they felt
more comfortable with informal terminology, rather than specific geometric terms. Also tested
by the hypothesis was the comprehension level of oral instructions versus written instructions. It
was clear that students performed at a higher rate when given written instructions, and the
surveys relayed the students held a higher comfort level with written instructions. By these
results, three prominent implications for classroom instructions have emerged.
Implication #1: Teachers need to reinforce terminology for complete comprehension of
geometry.
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Although mathematical language can be natural for teachers to think and speak, it can be
foreign to students. It is palpable that the language of mathematics does not extend much outside
the classroom for students, but reading and understanding mathematical vocabulary is still
crucial to proper mathematical development.

Therefore, familiarizing students with the

vocabulary and meanings of mathematical language should be implemented more often in each
mathematics course. Mathematical vocabulary and conceptual understanding are intertwined, so
teachers need to put more focus on the connections between them. One way to do this is to use
simple methods in demonstrating mathematical concepts, and then introduce the terminology
after the concepts are established. A common and successful method in doing this is to have
students create their own math glossary, complete with diagrams, charts, or anything else that
will help them connect the concept to the term. Also, preparing lessons that involve group work
in which students must use mathematics vocabulary in their communication could be helpful.
Teachers can listen in on the groups to reinforce the correct usage of the vocabulary.
When attempting to strengthen student levels of vocabulary comprehension, teachers
should keep in mind the fact that some terms have more than one meaning in the math world,
while still others have totally separate meanings outside a mathematical context. This increases
the need for students to learn and comprehend terms and phrases in their entirety. A clever way
to aid in this process is for the teacher to create either a vocabulary wall in the classroom or
small posters of each term and concept as they are being learned. This will assist the
reinforcement of the vocabulary since the students will be able to review the words each day
from their seats.
Implication #2 To assure teachers are adhering to various learning styles, they should provide
written instructions/ notes for lessons performed strictly orally.
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The assessment completed for this research illustrated that students performed better
when given written instructions, as opposed to oral instructions. According to the survey results,
the students also felt more comfortable and confident with the written instructions. These results
implicate that teachers should adhere to various learning styles in order to be certain of reaching
all learners. Some student Individualized Educational Plans (IEPs) or 504 plans require teachers
to provide separate typed notes for class lectures. Depending on their learning styles, this same
tactic can be useful to other students as well. All teachers are aware of the various teaching
methods, but not all teachers apply them. Teachers often get wrapped up in the method that is
most comfortable to them and neglect to use the other teaching styles that may very well be the
exact tool needed to reach the reluctant student. If a teacher does the majority of lectures orally,
then written or pictorial lectures could be a necessary boost to reach all learners.
Even if a lesson is performed orally, written notes that are combined with practice
problems could reiterate what was taught and supply the reinforcement needed to totally
comprehend the concepts. Written notes could also strengthen the students’ commu nication
skills. The visual aid that the written word and pictures give can assist the students in
understanding visual-spatial relationships. It can also be advantageous in the processing of
information for those students who take a little longer to absorb it, especially since the spoken
word is no longer available once it is said. Some students have difficulty processing the language
and require extra time to comprehend. These students are often too shy or embarrassed to speak
up during class, so they will just fall further behind. The written words are present for them to
review over and over again in their own time, thus allowing them an equal learning opportunity.
Sometimes, too, classroom management issues could play a role in an oral lesson because
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background noise may be too great for proper communication. Using written methods could be
beneficial in these types of situations.
Implication #3 To preserve mathematical knowledge of various courses, teachers should
consider daily warm-ups that review previous math topics.
During the assessments of this research, many students commented that it has been a long
time since they have seen any geometry. This is a typical response of students when they
encounter material from previous topics. All too often, math is learned for the period of time
necessary to complete a course, and then never thought of again. Daily warm-ups are a common
practice for many teachers, and very much should be. However, the nature of these warm-ups is
more important than many teachers realize. One purpose, of course, is to be an essential part of
an established routine in order to effectively manage classroom time. Another quite important
objective is to review the previous day’s material. It helps get students focused on the coming
lesson. This is a significant step, but teachers in mathematics need to think about the greater
picture in order to create a foundation for future mathematical comprehension. Mathematics is a
cyclical subject in which most disciplines are interrelated. Therefore, warm-ups, or even regular
review sessions, need to also contain material from previous courses in order to maintain that
once-gained knowledge. As students enter college, like the students in this research, they
encounter a continuation of mathematics from high school years. If they had been subject to the
various disciplines throughout the mathematics courses they embarked on, then each one would
remain semi-fresh in their minds and would not be so difficult to summon from their memory
when encountered again. This is not to say that a great amount of time be spent reviewing each
discipline, but a flashback to each on a regular basis might just be the key to maintaining a basic
grasp on each of them.
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Concluding Remarks
This study involved participants at the college level. Since geometry is taught throughout
elementary school and is part of the middle school and high school curriculum, it would be
beneficial to also conduct this research with various ages of students, from middle school to high
school. It is likely that there is a learning difference among students who attend college a nd those
who have not continued their education. These differences may include the type of learners the
students are. For example, visual learners might not be so apt to attend college as their
counterparts. If this is true, the sample pool used in this research may not include the type of
learners that could alter the results. Therefore, the inclusion of various age level participants, as
well as a larger sample size, in follow-up studies could obtain different results. Also, the
inclusion of younger students of a larger sample size may alter the results of the hypothesized
statement that oral instructions would produce more accurate results than written instructions.
This might be the case for students who do not speak English as their first language, or for those
students who have trouble reading. These types of students are more commonly found in middle
school or high school than in college.
Another suggestion for future research on this topic is to expand the assessment so that
each figure is tested with each variable grouping. For example, the instructions to draw the first
figure could be given orally with formal language, orally with informal language, in written form
with formal language, and in written form with informal language. This would take a greater
period of time, but may provide more accurate comparisons.
Although the results of this research contradict the hypothesis statements, they are not
surprising. It is evident that thorough comprehension of geometric vocabulary and properties
remains a struggle for students. This, in turn, is a frustration for teachers. With acquired
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experience, teachers may be able to vary their teaching techniques to reach all the learner types
and possibly improve overall understanding of the material involved in the geometry classroom.
There remains a need for real-world applications and repetition of material from year to year in
order for students to build upon previous knowledge. With time constraints in today’s classroom,
it is not efficient to re-teach each concept. However, short daily warm-ups could easily provide
regular exposure to the material and hence improve long-term preservation of the knowledge.
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Appendix A

Student Consent Form

SUNY Fredonia

Thank you for being a part of this study. Please print and sign your name in the space provided to
show that you agree to participate. Remember that signing the form allows Mrs. Nickerson to use
your data for the research project. You may retain a copy of this letter for your own files.

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
Mrs. Brenda Nickerson at (716) 450-2103 or brenda.nickerson@fredonia.edu .

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

Student Name (please print): ______________________________________________________

Student Signature: ______________________________________________________________

Date: ________________________
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TO:
FROM:
DATE:
RE:

Students in MATH 106/ MATH 108
Mrs. Brenda Nickerson
April 21, 2014
Consent Form

Purpose, Procedures, and Benefits


Purpose: The purpose of this study is to determine students’ understanding and use of precise
geometric terminology. Another underlying purpose of this study is to examine the effectiveness
of oral instructions versus written instructions.



Procedures: On two separate occasions (one month apart), students will be given two sets of
instructions to draw a compilation of geometric figures. During the first data collection, one set
will entail basic instructions given orally, and the other set will be precise instructions given in a
written format. The second data collection will include a set of basic instructions given in a
written format, while the precise instructions will be given orally. After the drawings are turned
in, they will be scored according to size, precision of figures, and accuracy of location of each
figure in relation to each other. The students will also be given a follow-up survey to relay their
thoughts on the instruction formats, their own comprehension of geometric properties, and their
opinion of their own accuracy in the drawings. The process will be repeated one week after the
first application of the activity.



Benefits: The overall goal of this study is to improve the design of the curriculum in the
geometry classroom. This is an important study because it will highlight where difficulties lie in
the geometry classroom, and will have the potential to lead to greater comprehension, which will
benefit both teachers and students.

Related Information


You are being asked to participate in this study because you are a member of MATH 106
University Precalculus or MATH 108 Prize-Winning Mathematics.



To maintain confidentiality, no student names will be used in any materials related to this project.



Participation in this study is strictly on a voluntary basis, and no penalties of any sort will be
associated with declining to participate. You may withdraw from the study at any time.



There are no risks anticipated in this study.



For additional information regarding this study, please feel free to contact Mrs. Brenda Nickerson
at 716-450-2103, or brenda.nickerson@fredonia.edu, or Mrs. Nickerson’s college advisor, Dr.
Keary Howard, at SUNY Fredonia: 716-673-3873, or keary.howard@fredonia.edu.



You may also contact the Human Subjects Protection Administrator, Maggie Bryan-Peterson, at
SUNY Fredonia by phone: 716-673-3528, or by email: petersmb@fredonia.edu.

Thank you in advance for your participation in this study. Please complete the attached consent form
and return as soon as possible.
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Appendix B
Thesis Assessment
Figure 1.

Figure 2.
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Appendix C
Qualitative Result Samples
Type of Instruction

Observation

Student Samples

Written/Informal

Three equal triangles
properly drawn

Written/Informal

Various interpretations
of drawing a narrow
figure along the long
side of the first figure

Written/Informal

Misjudgments of size

(
Written/Formal

Common
misjudgments of size

Written/Formal

Misinterpretations
geometric terms

of

double instructed size) (

half instructed size)
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Written/Formal

Proper vertex to vertex
horizontal line

Oral/Informal

Misunderstood 6-sided
figure, leading to error
with vertex to vertex
horizontal line

Oral/Informal

Misinterpretations
common with shape
descriptions

Oral/Informal

Common
misconception

of

shape positioning

Oral/ Formal

Misinterpretation

of

geometric terms

Oral/Formal

Misjudgments of size

Oral/Formal

Common
shapes

missing
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Appendix D

