
College Students' Performance on Isomorphic Visual
vs Non-Visual Regents Level Geometry Problems

Item Type Thesis

Authors Leitner, Dylan

Publisher State University of New York at Fredonia

Rights Attribution-NonCommercial-NoDerivs 3.0 United States

Download date 23/05/2023 22:02:41

Item License http://creativecommons.org/licenses/by-nc-nd/3.0/us/

Link to Item http://hdl.handle.net/20.500.12648/222

http://creativecommons.org/licenses/by-nc-nd/3.0/us/
http://hdl.handle.net/20.500.12648/222






EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

Abstract 

This study explores students' misconceptions regarding pictorial geometry problems. 

Specifically, to investigate misunderstandings students experience when solving visual and non

visual geometry problems. During this study, college students completed two identical 6-

problem assessments on the topics of area, volume, and surface area. The instrnment was 

administered several weeks apart and directly generated from past state tests: New York State 

Geometry Regents and Mathematics A Exams. It was hypothesized that given an assessment 

composed of visual and non-visual isomorphic geometry problems college sh1dents would score 

lower on non-visual problems. Furthermore, students would struggle most to complete volume 

problems compared to area and surface area problems. After analyzing the data the hypothesis 

was partially confirmed. The scores were compared to a survey students completed following 

each assessment recording their confidence on the overall exam and each problem. The results of 

this sh1dy indicated there was no significant difference on student scores when comparing visual 

and non-visual Regents geometry problems. Additional results revealed the topic that students 

struggled with most was volume. 
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Specifically, to investigate misunderstandings students experience when solving visual and non-

visual geometry problems. During this study, college students completed two identical 6-

problem assessments on the topics of area, volume, and surface area. The instrument was 

administered several weeks apart and directly generated from past state tests: New York State 

Geometry Regents and Mathematics A Exams. It was hypothesized that given an assessment 

composed of visual and non-visual isomorphic geometry problems college students would score 

lower on non-visual problems. Furthermore, students would struggle most to complete volume 

problems compared to area and surface area problems. After analyzing the data the hypothesis 

was partially confirmed. The scores were compared to a survey students completed following 

each assessment recording their confidence on the overall exam and each problem. The results of 

this study indicated there was no significant difference on student scores when comparing visual 

and non-visual Regents geometry problems. Additional results revealed the topic that students 

struggled with most was volume.   
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 This study explores student understanding regarding pictorial geometry problems.  

Specifically, it investigates shortcomings students experience when solving visual and non-visual 

geometry problems.  It is important for educators to understand why students rely so heavily on 

visuals instead of use their own ability to generate solutions and visual representations 

themselves.   

Interest arose in wanting to work with college students in this study because of their 

potential knowledge and understanding of mathematics.  College students in most cases have had 

at least one course in mathematics through high school or college.  Students at this point in their 

academic careers should have a basic understanding of geometry.  The hypothesis was tested by 

administering two formal assessments.  The assessments were composed of six isomorphic 

questions where the problems each had a corresponding pair on the other assessment.  The paired 

problems were identical aside from one assessment having a visual representation and the other 

non-visual.  Neither test was just visual; the assessments were split so that there were three visual 

and three non-visual problems on each.  In addition, the students responded to a survey after each 

assessment.  These surveys reflected the students’ perceptions and struggles throughout the 

assessments.  The study focused on the underlying problem of whether or not students perform 

better when provided pictorial representations of problems or not.   

 It is hypothesized that given an assessment composed of isomorphic geometry problems 

that are visual and non-visual college students will score lower on non-visual problems.  

Furthermore, students will struggle most to complete volume problems compared to area and 

surface area problems.   

To test this hypothesis, this study examines Regents exams questions to analyze how 

New York State assesses students.  Regents questions were transformed into isomorphic pairs to 
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fit the structure of the assessments.  An example of an isomorphic set of problems can be seen in 

Figure 1. 

Test A: 

Directions: Complete the following problems. 

1.  

 

 

 

 

Test B: 

Directions: Complete the following problems. 

1.  

 

 

 

Figure 1. Example of an isomorphic problem (NYSED, June 2015). 

This problem was taken from the June 2015 Geometry Common Core Regents Exam.  

The problem from Test A is the original problem as seen in the test booklet.  This is a non-visual 

surface area problem.  The problem seen on Test B is its isomorphic pair, it too is a surface area 

problem but the student is provided with a picture.  Other questions were taken from varying 

regents exams throughout the years.  If a question was chosen in which it supplied a picture, to 

create the isomorphic pair the problems were stripped of the visual that the exam provided. 

When labeling a problem as visual, this means that the problem offers a pictorial 

representation for students to refer to.  When a problem is non-visual, it is essentially a word 

12 ft 
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problem that students must analyze.  Geometry is an extremely visual topic in mathematics, 

displaying many figures and diagrams.  It is important for educators to understand where 

students’ struggles and misconceptions arise.  This study offers an insight into the different 

Regents exam questions and how they affect student performance. 

Literature Review 

 The purpose of this literature review is to explore and examine the effects of visual 

geometry problems.  This literature review explores four primary themes: History of Geometry, 

Visualization, New York State Standards and Assessments.  While geometry is the academic 

subject area of this particular research project, the scope of this literature review is expanded to 

include research that explains the evolution of New York State Standards and Regents Exams.  

The exams were analyzed and problems were specifically chosen to test understanding of 

Geometry topics.  To understand the topic of geometry from its basic beginning, the history of 

Geometry was broken down and explored.   

History of Geometry 

In mathematics today geometry is a key topic for students to understand.    Over 

thousands of years mathematics has grown with the works of mathematicians from many 

different civilizations (Berlinghoff & Gouvêa, 2004).  In the beginning civilizations were not 

advanced so many mathematical ideas were never written down.   

Before geometry was the basic evolvement of numbers.  The advancement of 

civilizations helped the evolvement of numbers, and the evolvement of numbers helped the 

advancement of civilizations.  The two worked in tandem to open a world of trading.  The first 

solid archaeological evidence of counting dates back about 20,000 years ago.  An Ishango Bone 

(a fibula of a baboon) was found in the Congo which carries notches distributed in three columns 
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along the bone length and a total of sixty scratches each along both edges of the back side 

(White, 2009, p. 2).  The lines and cuts of the bone are too unified to be accidental.  These 

scratches and markings are clear indications of counting.  This remarkable finding is a defining 

moment in the development of numbers.  In about 4,000 BC Sumerians used tokens to represent 

numbers (Schmandt-Besserat, 2008).  This was an extremely important development in which 

Sumerians had the first form of calculating profit, giving birth to arithmetic.  As history has 

proved, mathematics has grown into almost every aspect of life today. 

Figure 2 offers a chronological table of the most influential events in the history of 

geometry. There are many different unique fields of geometry, which have transformed over 

thousands of years (Gray, 2011). 

Figure 2. Influencial Events in Geometry.  

The first known geometrical benchmark dates back to the Babylonians in 2000 B.C.  The 

Babylonians had general area rules regarding basic geometrical figures.  These figures include 

rectangles, certain triangles, and other figures the Babylonians used for practical problems of 

measurement.  The next influential development of geometry is in 1850 B.C. of the Moscow 

papyrus of Egypt.  It contained twenty-five mathematics problems, seven of them where 
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geometry problems.  Another famous artifact is the Rhind papyrus of Egypt.  It was written 

around 1700 B.C. and contained eighty-four problems, twenty of which were geometry 

problems.  The Rhind papyrus was divided up into three books.  Book I contained 20 arithmetic 

and 20 algebraic problems, Book II contained 20 geometry problems, the remaining 24 problems 

in Book III were on various mathematical topics.  These influential artifacts show an increased 

progression of geometry problems throughout history. 

 In 800 B.C. the Shulba Sutras a text showing the only source of Indian mathematics at its 

time contained geometry related to fire-altar construction.  The Shulba Sutra contained verbal 

evidence of the Pythagorean Theorem and numerology of Pythagorean triples.  “The rope which 

is stretched across the diagonal of a square produces an area double the size of the original 

square”.  It is believed that this representation reveals the Pythagorean Theorem in its earliest 

verbal form.  

The now famous mathematician Pythagoras formed a society in 550 B.C.  Pythagoras 

introduced the world to the Pythagorean Theorem which states that in a right triangle, the sum of 

the squares of the legs equals the square of the hypotenuse.  This theorem has been proved many 

ways and by many people, including a past president James A. Garfield.  The Pythagorean 

Theorem opened a door for mathematics that is still open today.   

 One of the first known large scale geometrical measurements was completed by a Greek 

mathematician by the name of Eratosthenes.  A story is told in which Eratosthenes determined 

the circumference of the earth using the distance between Syene and Alexandria.  Eratosthenes 

knew that these two locations lie on the same meridian about 5000 stades apart.  He used the fact 

that “at noon on the summer solstice at Syene there is no shadow, i.e., the sun is directly 

overhead; and at noon on summer solstice at Alexandria the shadow cast by a point of a gnomon 
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in a bowl sundial reached an arc equal to 1/50th of a circle from the base of the gnomon.  By 

means of a simple geometric argument Eratosthenes calculated the circumference of Earth to be 

250,000 stades” (Goldstein, 1984, p. 411). The measurement of a stade has many conflicting 

hypothesis throughout history.  Depending on which measure of stade or stadion is used can 

affect the calculation made by Eratosthenes.  Nonetheless, Eratosthenes calculated the 

circumference of the Earth using a few known facts.   

While there are geometry accomplishments over several millennia this is a limited 

account of history in relation to mathematics.  When there were no forms of writing, 

mathematicians were assumed to have visualized there work.  Many researchers have analyzed 

the process it took to visualize.  In the next section different ideas and concepts are described to 

help understand the process many people took when visualizing figures. 

Visualization 

 Technology is at the forefront of today’s society.  It has pushed forward the world of 

mathematics, making breakthroughs that would have taken mathematicians years to accomplish.  

There is plenty of mathematical software available to help visualize mathematics.  These 

recourses were not always available at the palm of our hands.  Before this type of technology 

came along, mathematicians as well as students were responsible for visualizing everything 

themselves.  

According to Presmeg there are visualizers and nonvisualisers.  “Visualisers are 

individuals who prefer to use visual methods when attempting mathematical problems which 

may be solved by both visual and nonvisual methods. Nonvisualisers are individuals who prefer 

not to use visual methods when attempting such problems” (Presmeg, 1986, p. 42).  
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The act of visualization as defined by Gutiérrez (1996) as a “reasoning activity based on 

the use of visual or spatial elements, either mental or physical, performed to solve problems” (p. 

9).  Specifically, visualization consists of four elements: Mental images, external representations, 

process of visualization, and abilities of visualization.  “A ‘mental image’ is any kind of 

cognitive representation of mathematical concept or property by means of visual or spatial 

elements.”  This type of visualization occurs, as the name would suggest, within the student’s 

mind. ‘Mental image’ visualization, would be the technique most likely used by students when 

there are no visual aids present on the assessments. The second type of visualization, ‘external 

representation,’ is defined as, “any kind of verbal or graphical representation of concepts or 

properties including pictures, drawings, diagrams, etc. that helps to create or transform mental 

images and to do visual reasoning” (Gutiérrez, 1996, p.10).  This type of visualization is likely 

the most common technique students displayed on the assessments when presented with visual 

problems.   

While these forms of visualization are ones that may come naturally to some students, 

visualization requires practice.  Students can build a set of skills when completing a geometry 

problem through practice to give them better understanding of visualization.  Visualization can 

be a key component to a student’s ability to reach a solution. However, a student’s response to a 

mathematics task can be influenced by many factors (Clements, 2014, p. 186). At the core of 

visualization is the student’s overall ability to grasp a concept. If they do not have the 

fundamental understanding of a concept then their use of visualizations, and assisted physical 

representations, may be little to no use in finding a solution.  

For decades textbooks have provided students with 3-dimensional geometry by means of 

plane representations.  Many educators use manipulatives to compensate for what the textbooks 
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lack.  Within the last decade, a new method of representation has been introduced; computers.  

Mathematical software has progressed tenfold which has allowed students to manipulate and 

familiarize themselves with figures.  “As a consequence, they will gain a rich experience that 

will allow them to form richer mental images than from textbooks.  In particular, students will 

greatly improve their ability to create dynamic mental images” (Gutiérrez, 1996, p. 11).  

Familiarity with figures relates to a stronger mental image ‘bank.’   

Therefore, it is key that all visualization be aided and guided by proper instruction to 

ensure students are understanding the core concepts and figures.  Educators should use the 

resources to instruct students and immerse them to maximize the elements of visualization.  Just 

like technology, the New York state standards have progressed with time.  Teachers must stay up 

to date to teach the appropriate topics.   

NYS Standards 

 The New York State mathematics curriculum has undergone great changes over the 

years.  The rules and regulations on what teachers should teach are becoming stricter.  Teachers 

must abide by the state standards when teaching every lesson.  The most recent standards that 

regulate curriculum were introduced in 2000.  The first national standards were introduced by the 

National Council of Teachers of Mathematics (1989).  Following these initial standards, in 2005, 

the Board of Regents of New York State adopted the Mathematics Core Curriculum (MST 

Standard 3).  In 2009, The Math A/B courses were changed to Integrated Algebra, Geometry, 

and Algebra 2/Trigonometry.  Succeeding the Mathematics Core Curriculum, in 2011, the 

standards were changed to the Common Core standards for Mathematics (Common Core State 

Standards [CCSS], 2011) we have today.  Though the standards have changed, many initial 

teaching strategies for younger students have stayed similar. 
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 Students are introduced to geometry at a young age, through different toys and games.  

Students first learn formally about geometry in pre-kindergarten, when they identify and describe 

shapes.  In Kindergarten students analyze three-dimensional shapes like cubes, cylinders, and 

spheres.  Students first learn area, surface area, and volume in 6th grade, when they solve real-

world mathematics problems of right rectangular prisms. In 7th grade, students are asked to draw 

geometric shapes given certain conditions.  Students are also introduced to two- and three-

dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.  

Students solve volume of cylinders, cones, and spheres in 8th grade.  When students get to High 

School Geometry, they are expected to explain volume formulas and use them to solve problems, 

and visualize relationships between two-dimensional and three-dimensional objects.  In Figure 3 

are listed the New York State mathematics standards for Pre-K, K, 6th, 7th, 8th, and High School 

Geometry that are geared toward geometry (CCSS, 2011).   

Geometry           PK.G 
Identify and describe shapes (squares, circles, triangles, rectangles). 

1. Describe objects in the environment using names of shapes, and describe the relative positions of these 

objects using terms such as top, bottom, up, down, in front of, behind, over, under, and next to. 

2. Correctly name shapes regardless of size. 

Analyze, compare, and sort objects. 

3. Analyze, compare, and sort two- and three-dimensional shapes and objects, in different sizes, using informal 

language to describe their similarities, differences, and other attributes (e.g., color, size, and shape). 

 

Geometry           K.G 
Identify and describe shapes (squares, circles, triangles, rectangles, hexagons, cubes, cones, cylinders, and 

spheres). 

2. Correctly name shapes regardless of their orientations or overall size. 

3. Identify shapes as two-dimensional (lying in a plane, “flat”) or three-dimensional (“solid”). 

Analyze, compare, create, and compose shapes. 

4. Analyze and compare two- and three-dimensional shapes, in different sizes and orientations, using informal 

language to describe their similarities, differences, parts (e.g., number of sides and vertices/“corners”) and 

other attributes (e.g., having sides of equal length). 

 

Geometry           6.G 
Solve real-world and mathematical problems involving area, surface area, and volume. 



10 

EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

 

1. Find the area of right triangles, other triangles, special quadrilaterals, and polygons by composing into 

rectangles or decomposing into triangles and other shapes; apply these techniques in the context of solving 

real-world and mathematical problems. 

2. Find the volume of a right rectangular prism with fractional edge lengths by packing it with unit cubes of the 

appropriate unit fraction edge lengths, and show that the volume is the same as would be found by 

multiplying the edge lengths of the prism. Apply the formulas V = l w h and V = b h to find volumes of right 

rectangular prisms with fractional edge lengths in the context of solving real-world and mathematical 

problems. 

4. Represent three-dimensional figures using nets made up of rectangles and triangles, and use the nets to find 

the surface area of these figures. Apply these techniques in the context of solving real-world and 

mathematical problems. 

 

Geometry           7.G 
Solve real-life and mathematical problems involving angle measure, area, surface area, and volume. 

4. Know the formulas for the area and circumference of a circle and use them to solve problems; give an 

informal derivation of the relationship between the circumference and area of a circle. 

6. Solve real-world and mathematical problems involving area, volume and surface area of two- and three-

dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 

 

Geometry           8.G 
Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres. 

9. Know the formulas for the volumes of cones, cylinders, and spheres and use them to solve real-world and 

mathematical problems. 

 

Geometry                   G-GMD 
Explain volume formulas and use them to solve problems 

3. Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems. 

Figure 3. New York State Common Core Learning Standards (CCSS, 2011). 

 In education today teachers prepare lessons based on the New York State standards.  

These standards affect how and what the educators teach.  The standards for geometry were 

developed by the New York State Education Department (NYSED).   In order for students to 

improve their understanding of geometry, educators need to be familiar with the topic and how it 

should be taught.  The state standards are developed and aligned with the New York State 

assessments that students annually take. 

State Assessments 

 Throughout the years state assessments have changed just like the standards have.  They 

are similar in many ways but New York must ensure the assessments are directly aligned with 
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the current standards to meet state requirements.  The New York Geometry Regents 

examinations have tested students’ knowledge of mathematics over the years.   

This section provides insight into specially chosen assessment questions taken directly 

from New York Geometry Regents Exams.  Questions were analyzed to determine how Surface 

Area and Volume problems were presented on the Geometry Regent’s exam.  

 

Figure 4. Problem #29 – June 2010 Geometry Regents (NYSED, June 2010). 

Problem #29 is an example of a non-visual short-response question in which students are 

required to use the formula for surface area of a sphere.  In order for students to receive full 

credit they must show all necessary steps to solve for surface area.  The correct answer for this 

problem is 452 𝑖𝑛2.  Students must acknowledge that the diameter is 12 inches, therefore the 

radius is 6 inches.  To complete the problem correctly they must use 6 inches for radius in the 

surface area formula.    

Problem #20 in Figure 5 is a non-visual multiple-choice question in which students are 

asked to calculate the volume of a sphere given its surface area is 144𝜋.  This problem entails 

students to use two formulas to solve for the correct answer.  Both of which are given to students 

on the reference page.   

 

Figure 5. Problem #20 – August 2010 Geometry Regents (NYSED, August 2010). 
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The correct answer to this problem is 288𝜋.  The other three incorrect answers are 

distractors.  When solving for the volume the first step is to use the given surface area of 144𝜋.  

Students must set 144𝜋 equal to 4𝜋𝑟2 which is the surface area formula for a sphere.  Students 

must solve for the missing variable 𝑟.  When doing so they at one point come across 36𝜋 = 𝜋𝑟2.  

If students looked at the answers beforehand then this might be the point at which several 

students choose choice #1.  If students went on to complete what the problem is truly asking then 

they would compute the radius 𝑟 to equal 6.  The next step would be for students to substitute 

𝑟 = 6 into the volume formula for a sphere which is 𝑉 =
4

3
𝜋𝑟3.   Through some additional 

calculations students reach answer (3).  This is seen in the step 𝑉 = (
4

3
) 216𝜋.  To this point 

students have seen two possible answers and they are both incorrect.  When solving completely 

and correctly for the volume students would get choice (4), 288𝜋.  Students should study the 

questions on the exams to become familiar with the style.   

Figure 6 is problem # 31 from the August 2012 Geometry Regents Exam.  This problem 

instructed students to solve for the volume of a cylinder in terms of 𝜋. 

 

Figure 6. Problem #31 – August 2012 Geometry Regents (NYSED, August 2012). 

This problem is a non-visual short-response volume problem.  Any correct answer 

obtained without showing any work was granted partial credit.  For this problem students should 

be using the formula for volume of a cylinder which can be found on their reference pages in the 

Regents packet.  Refer to Appendix A for the reference page.  The correct formula is 𝑉 = 𝐵ℎ, 

where 𝐵 is the area of the base.  For students to correctly answer the question they need to know 

what the area of the base of a cylinder is.  Therefore, they need to know what shape the base is.  
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Unlike the previous problems students are expected to know the area of a circle from prior 

instruction.   

 Problem #28 in Figure 7 is a non-visual multiple-choice volume problem.  To solve it, 

students may use the reference sheet to calculate volume of a regular pyramid.   

 

 

 

Figure 7. Problem #28 – August 2014 Geometry Regents (NYSED, August 2014). 

 Problem #28 uses the formula for volume of a pyramid to compute the length of one side 

of its base. In this problem choice #1(8) is the correct answer.  Students must show knowledge of 

what the base of a regular pyramid is.  Again, there are three distractors that are incorrect 

answers.  After substituting in all the known information students had to solve for the remaining 

variable 𝐵(area of the base).  Computing for only one side of the base gives the answer of 8 

centimeters.   

For students to succeed on these problems they must not only know geometry, but 

algebra as well.  They must use their mathematical knowledge and skills from previous years to 

tackle these Regents geometry problems. 

For the purpose of this literature review, Regents exams spanning about six decades were 

analyzed to understand if there was a change in the number of visual vs. non-visual problems 

throughout the years. Figure 8 below shows a table with the amount of visual vs. non-visual 

problems given on each exam dating back to 1979.   
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Exam Number of Visual Problems Number of Non-visual 

Problems 

Plane Geometry 

August 1956 

7 28 

Solid Geometry 

August 1956 

2 26 

Course II 

August 1979 

7 37 

Course II 

August 1985 

8 34 

Course II 

August 1990 

5 37 

Course II 

August 1996 

8 34 

Geometry(Common Core) 

August 2015 

24 12 

Geometry(Common Core) 

June 2015 

22 14 

Figure 8. Visual vs. Non-visual Geometry Problems (NYSED). 

It is clear that non-visual problems were more dominant in past exams.  All non-common 

core Regents’ exams had significantly less visual problems.  After analyzing all non-common 

core exams there were 37 out of 233 total visual problems across a total of six exams.  Therefore, 

approximately 16% of these problems were visual.  After analyzing the Geometry Common Core 

Regents exams we notice something drastically different.  From a total of 72 problems, 46 are 

visual.  Thus, the 2015 exams have approximately 64% visual problems.  This is considerably 

more than 16%. There seems to be an increasing trend that visual problems are more common on 

most recent exams.  The August and June 2015 exam problems were examined further regarding 

its breakdown of multiple-choice compared to short-response.   

The exams each had 24 multiple-choice and 12 short-response problems.  On the August 

exam, the multiple-choice breakdown were 14 visual and 10 non-visual.  For the short-response, 

10 were visual and 2 non-visual.  On the June 2015 exam there were 14 visual multiple-choice 

problems and 10 non-visual.  Of the short-response, 8 were visual and 4 non-visual.  It is clear 
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for both exams, visual problems were more prevalent than non-visual for both multiple-choice 

and short answer. This breakdown can be seen in figure 9. 

August 2015 Exam 

 Visual Non-visual 

Multiple Choice 14 10 

Short Response  10 2 

June 2015 Exam 

 Visual Non-visual 

Multiple Choice 14 10 

Short Response  8 4 

Figure 9. August and June 2015 Exam Breakdowns by Problem (NYSED, 2015). 

 Over time assessments have changed to align with the Common Core Curriculum.  These 

assessments have evolved just like Geometry has over thousands and thousands of years.  

Educators can continue evolving their teaching strategies to ensure students are mastering the 

material taught and assessed.  

Experimental Design 

This experiment tested the hypothesis that students would score lower on non-visual 

problems given two assessments composed of isomorphic geometry problems that were visual 

and non-visual.  Furthermore, students would struggle most to complete volume problems 

compared to area and surface area problems.  Each assessment was composed of six geometry 

problems and was followed by a brief survey.  Each assessment contains two surface area, two 

volume, and two area problems.  The first assessment (see Appendix B) students took was 

comprised of six problems that are isomorphic to the problems on the second assessment (see 
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Appendix C).  For example, on the first assessment a student may receive a non-visual multiple-

choice volume problem.  On the second assessment they were given the same problem but in 

visual form.   The directions for both assessments remained exactly the same, instructing 

students to show all work.  The assessment questions were taken directly from past New York 

State Geometry Regents exams. 

Setting and Participants 

 The study was conducted at a public liberal arts university located in the Northeast.  The 

college has approximately 5,000 students: 4,587 undergraduate students (56.1% Female and 44% 

Male) and 258 graduate students (80.2% Female and 25.6% Male).  The majority of the students 

are residents of surrounding counties.  The ethnicity of undergraduates is predominantly 

Caucasian (76.8%), Hispanic (7.0%), and African American (6.9%). 

There were twenty-six college students who participated in this study.  As an employee 

of the college with access to residential buildings, the researcher randomly chose students from 

two particular halls on campus.  The breakdowns for these students are: 15 males and 11 

females, 2 freshman, 13 sophomore, 4 junior, 6 seniors, and 1 graduate student.  Consent was 

obtained from each participant prior to the study (see Appendix D).  Figure 10 shows the 

participant breakdown by gender, grade level, and race. 

Gender # of Students 

Male 15 

Female 11 

Grade Level # of Students 

Freshman 2 

Sophomore 13 

Junior 4 

Senior 6 

Graduate School 1 
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Figure 10. Participant Demographics. 

The students who took the assessment were predominantly white and sophomores in 

college.   The participants’ status ranged from freshmen to graduate students, ages 18-23.  Their 

age breakdown can be seen in the figure below.   

Figure 11. Age of Participants. 

There is a clear peak in the graph at ages 19 and 20.  This can be explained by the large 

number of sophomores involved in this study.  Student majors were classified into STEM and 

non-STEM.  To be classified as a STEM major, students had majors in the following fields: 

Science, Technology, Engineering and Mathematics.  There was a total of 17 non-STEM and 9 

STEM majors in this study.  The demographics of the students did not play a role in the creation 

of the assessments due to the fact that the problems were selected from already designed high 

school Regents exams.    

Assessment Development 

 To test the hypothesis, extensive research was done specifically for the chosen problems 

on the assessments.  To ensure the students were given a fair exam, it was designed so that there 

would be three visual and three non-visual problems.  To make sure students’ assessments were 

Race # of Students 

Caucasian 24 

Hispanic 1 

African American 1 



18 

EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

 

being analyzed correctly and most efficiently the assessments were designed to be three sets of 

two isomorphic pairs.  The researcher has the opportunity to examine how students scored on a 

specific problem when given both a visual and non-visual version.  Through isomorphic pairs the 

investigator was able to manipulate the problems so that students do not realize they are taking 

essentially the same assessment two weeks apart except for the fact that the problems are 

reversed from visual to non-visual and vice versa.   

 There was no issue when searching for appropriate surface area, volume, and area 

problems, due to the plethora of geometry Regents exams.  To keep track of all the problems, a 

tree diagram was designed to separate problems into six different categories.  The diagram can 

be seen in Figure 12 which follows. 

 

Figure 12. Test Breakdown by Question. 

 Each exam had a question number 1-6.  The isomorphic pairs are represented by the same 

number but different letter.   For example, problem 1A (surface area, visual short response) is on 

Test A, its pair 1B (surface area, non-visual short response) is on Test B.  1A and 1B are the 
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same exact problem with the exception of 1A having a pictorial representation and 1B does not.  

Problems were categorized through the tree diagram to ensure all topics were covered.   

Instrument Items and Justification 

Two assessments were administered to students two weeks apart from each other.  These 

students were given 15 minutes to complete each six-problem assessment.  Each assessment had 

two problems of each topic: volume, surface area, and area.  Of the six problems, three of them 

were visual while the other three were non-visual.  The students were instructed to “complete the 

following problems.” The directions and problems were still the same.  In this section is a 

breakdown of all six isomorphic pairs.  Each question was chosen specifically to analyze a 

different aspect of geometry while also testing the students’ skills further.  Figure 13 shows the 

2A-2B isomorphic pair on the assessment.  

Figure 13. Isomorphic Pair 2A-2B (NYSED, June 2015).  
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This problem was chosen because it challenged students to use the surface area formula 

for a cube.  This formula is not on the reference sheet so students must use prior knowledge to 

recall the formula 𝑆𝐴 = 6 ∙ 𝑎2.  This problem also challenged the students to use their knowledge 

of rounding and division to further solve for the gallons of paint needed, based on surface area.  

Figure 14 shows the isomorphic pair 1A-1B.  This pair is the second surface area problem on the 

assessment.   

 

 

 

 

 

 

 

 

Figure 14. Isomorphic Pair 1A-1B (NYSED, June 2010).  

Unlike the previous surface area problem, students may use the reference sheet to their 

advantage in this instance.  This question offers a different figure for students to be confronted 

with.  During this question, test takers must understand the definitions of both diameter and 

radius and how they relate to each other.  Figure 15 shows the isomorphic pair of problems 5A-

5B.  This pair was the first area problem on the assessment.   
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Figure 15. Isomorphic Pair 5A-5B (NYSED, January 2008). 

 This unique isomorphic pair is chosen for its use of both circumference and area.  This 

was the first time students were presented with a two-dimensional object.  The information 

needed to complete this problem is fully up to the students, there is no material on the reference 

sheet that can aid understanding.  Figure 16 shows the isomorphic pair 6A-6B.  This pair is the 

second area problem on the assessment.   

Figure 16. Isomorphic Pair 6A-6B (NYSED, August 2008). 
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This area problem is the second two-dimensional figure on the exam.  Similar to the 

previous area problem, the use of a reference table is not needed.  This problem gauged student 

knowledge of the area formula for a rectangle as well as key words such as ‘less than.’  Figure 17 

shows the isomorphic pair 4A-4B.  This pair is the first volume problem on the assessment.    

Figure 17. Isomorphic Pair 4A-4B (NYSED, June 2013). 

 This pair is unique because it introduces two figures to analyze instead of one.  This 

addition adds a layer to the problem for students to analyze a step deeper.  On this particular 

problem, use of the reference sheet is unnecessary.  Applications of volume must be used on both 

figures, using the formula 𝑉 = 𝑙𝑤ℎ.  A proportion or guess-and-check can be used to solve for 

the final answer. Figure 18 shows the isomorphic pair 3A-3B.  This pair is the second volume 

problem on the assessment.   
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Figure 18. Isomorphic Pair 4A-4B (NYSED, January 2015). 

Isomorphic Pair 4A-4B is a multi-step problem that incorporates many elements, 

including the Pythagorean Theorem, volume of a cone, volume of a cylinder, and division.  Both 

volume of a cone and cylinder can be found on the reference sheet.  Similar to the previous 

volume question, it has two figures.  This problem was the only problem on the exam that was 

scored out of 4 points and not 2 points like the other 5 problems.  Students had to recall the area 

of a circle formula 𝐴 = 𝜋𝑟2 for both the cone and cylinder.  This short-response problem tested 

students’ knowledge across algebra and geometry.   

Figure 19 shows all isomorphic pairs discussed above and the mathematical procedures 

required to solve each with the specific category it fell into. 



24 

EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

 

Problem 

Number 
Visual Non-visual 

Surface 

Area 
Volume Area 

Short 

Response 

Multiple 

Choice 

1A X  X   X  

2A X  X    X 

3A X   X  X  

4A X   X   X 

5A X    X X  

6A X    X  X 

1B  X X   X  

2B  X X    X 

3B  X  X  X  

4B  X  X   X 

5B  X   X X  

6B  X   X  X 

 

Figure 19. Justification for Assessment Problems. 

As seen in Figure 19, each problem specifically challenged students to utilize the chosen 

topics for this study.  There was minimal overlap across the problems, no one problem fell into 

the same category of another.  Each was chosen for a specific reason.  Following the assessment, 

students were given a 5-minute survey (see Appendix E).  The post-assessment survey was 

composed of a plethora of questions, one of which asked the participants to reflect on which 

problems they had difficulty with and others they considered easy.  The survey also asked what 

the last math course each individual has taken to get an understanding of where each student is.   

The design of the assessments generated data that could be assessed regarding visual vs 

non-visual problems as well as the topics surface area, volume, and area.  Using isomorphic 

exams provided data to evaluate which factors were significant or not.  The assessments were 

specifically chosen and modified to accurately investigate the hypothesis at hand. 

Methods of Data Analysis 

 To test the hypothesis, each problem was graded using its respective New York State 

geometry rubric (Appendix G).  The study was mostly quantitative and mean scores of each 
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isomorphic pair were examined based on whether the problem was visual or non-visual, each 

topic (area, volume, and surface area), students’ tendencies to draw a picture on a non-visual 

problem, and the effect of multiple-choice compared to short response problems. The data was 

generated and analyzed to produce conclusions.   

Data Collection and Scoring Rubric 

 The assessments were scored out of a total of 14 points.  Each problem was graded using 

the ‘scoring key and rating guide’ provided by the New York State Regents Exams (see 

Appendix F & G).  Test A was administered first to the students; Test B is the isomorphic test 

but the order of the problems was different so students would not recognize the questions. Figure 

20 shows the problem-to-problem relationship and their total points.   

Isomorphic Problems 

Test A Test B Total Points 

1 5 2 

2 1 4 

3 4 2 

4 3 2 

5 2 2 

6 6 2 

Figure 20. Question breakdown by Points. 

The scoring key was a combination of New York State Regents exam rubrics (see 

Appendix G).  This table breaks down each short-response problem (isomorphic pair) so that 

educators can consistently and accurately grade the exams.  Multiple-choice problems were 

scored out of two points and scored either as correct or not; no partial credit was awarded.  

Unlike multiple-choice problems, short response problems could receive partial credit.  The key 

for each short-response question breaks down all errors particular to that problem and how to 

grade them to ensure the best accuracy.  
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 Figure 21, displayed below, is a summary of the data collection process and scoring of 

each assessment. 

Figure 21. Data Collection Summary. 

Using statistical software, Minitab and R-studio, an analysis of variance (ANOVA) tested 

the hypothesis using the data collected to evaluate the differences in means and overall 

significance.  Specifically to determine whether participant, topic, visual, test, or problem was 

significant in student percentage on the assessments.  Using R-studio, a Tukey test was 

conducted to determine which factors specifically played a larger role in student success.  For 

example, whether ‘volume, surface area, or area’ affected student scores rather than the factor 

‘topic’ like in an ANOVA.   

Each conducted test produced results that can be seen in the section below.  This section 

offers insight to the statements that the hypothesis proposed.  As educators, these results would 

further develop classroom techniques and teaching methods using geometric representations. 

 

 

 

 

 

Data Collection Summary: 

 Each problem was graded using the scoring rubric (14 points total). 

 Data was recorded using Minitab, R-studio, an Analysis of Variance, and a Tukey test 

which evaluated the difference of means between visual vs. non-visual problems, area 

vs. volume vs. surface area, and test A vs. test B. 

 The survey data was used to analyze which problems students struggled with most 

compared to topic and pictorial figures. 
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Results 

Quantitative Test Results 

There were three principal results that emerged from this study: 

1. Scores on visual problems and non-visual problems showed no significance when it came 

to student success. (F-value: 0.325, p-value: 0.569, visual �̅� = 69.38, nonvisual �̅� =

66.98, difference = 2.4%) 

2. Topic had a significant impact on student test percentages (F-value: 7.43, p-value: 

0.000717).  Specifically students struggled with the topic of volume which had the 

greatest impact when compared to surface area and area. (Volume – Area: p-adj ≈ 

0.00082, Volume – Surface Area: p-adj ≈ 0.0134, volume �̅� = 57, surface area �̅� = 72, 

area �̅� = 76) 

3. Overall students scored lowest on the problem they reported as most difficult. 

Result #1 - There was no significant difference on student results between visual problems and 

non-visual problems. 

Using an Analysis of Variance (ANOVA) to compare student performance on visual 

problems versus non-visual problems, there was an F-value of 0.325 and a p-value of 0.569.  Due 

to the p-value being greater than .05 the claim that visual figures show no significance with 

regard to student achievement is supported.   This means their success has no correlation with 

visual or non-visual problems.  A Tukey test also showed results that supported the ANOVA test 

with a p-value of 0.569.  The statistical software outputs can be seen in appendix H.   

Each problem from both exams was graded and percentages were recorded to see how 

well students did.  The percentages out of 100 can be seen in Figure 22 which specifically 

displays visual and non-visual comparisons.   
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Pair Non-visual % Score Visual % Score Difference 

1 61.5 61.5 0 

2 30.8 35.6 −4.8 

3 76.9 86.5 −9.6 

4 59.6 59.6 0 

5 80.8 80.8 0 

6 92.3 92.3 0 

Average: 66.98 69.38 −2.4 

Figure 22. Visual vs. non-visual percent comparisons. 

It can be seen that only two of the six pairs showed a change in scores.  To be specific, 

isomorphic pairs 2 and 3 showed an increase in percentage when students were represented with 

a picture.  These problems were a short-response volume and surface area problem, respectively.  

Therefore, on these particular problems, the change in percent was not significant therefore 

implying no correlation between problem and success.  However, the overall averages for visuals 

are higher than for non-visuals.  Therefore, the original hypothesis that students would do better 

on visual problems in comparison to non-visual problems is confirmed.   

Result #2 - Topic had a significant impact on student test percentages.  Specifically students 

struggled with the topic of volume which had the greatest impact when compared to surface 

area and area.   

An ANOVA test was conducted to determine whether topic affected student performance 

and the resulting p-value was 0.000717 (see Appendix H).  Therefore, because 0.000717 < 0.05 

evidence suggested that topic was indeed a predictor when determining student achievement.  

The results indicate that topic is a predictor for student performance, but to determine which 

topic specifically had the biggest impact a Tukey test was performed (see Appendix H).   
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All topics were compared to each other to see exactly where significance lies (see 

Appendix H).  The comparison between surface area and area (‘surface area-area’) showed no 

significance with a p-adj of 0.6798.  Volume showed significance through both relationships: 

‘volume-area’ and ‘volume-surface area.’  The corresponding p-adj values were 0.0082 and 

0.0134 respectively.  Grouping information using the Tukey method and 95% confidence there 

was a mean score of 76% for area, 72% for surface area, and 57% for volume.   

Students scored highest on area problems on this assessment.  Area is considered a more 

elementary topic compared to volume and surface area which could explain why students had 

higher scores on this topic.  Isomorphic pair #2 discussed earlier is a 4-point volume problem 

and involved the most steps out of any problem on the assessment. Although this problem shows 

an increase in scores from visual to non-visual format, the students struggled to grasp exactly 

what the problem was asking.  This problem resulted in lower overall scores which had a 

significant impact on the total means of the topics.  This result supports the original hypothesis 

that “Students will struggle most to complete volume problems compared to area and surface 

area problems.” 

Result #3 – Overall students scored lowest on the problem they reported as most difficult. 

On the survey, students answered question 2 regarding problem difficulty (the survey 

questions can be seen in appendix E).  Question 2 asks “Which problem did you have most 

trouble with and why?”  Student responses are graphed below.   
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Figure 23. Most Difficult Problem Survey. 

 It is clear there is one problem that stands out from the rest on both Tests A and B.  More 

than half of the students (53.8%) chose problem #2 on test A and 42.3% chose problem #1 on 

test B.  These problems from tests A and B are better known as isomorphic pair 2.    

Pair 2 mentioned above was a short-response volume problem.  Overall students scored 

lowest on this problem, and accurately predicted it was their hardest problem.  This problem was 

different than all others because it was scored out of a total of 4 points compared to 2 points for 

each of the remaining problems.  Below is the isomorphic pair students were given on the 

assessments.   

 

Non-Visual 

 



31 

EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

 

 Visual 

 
Figure 24. Most Struggled with Problem. 

The overall mean for this problem was 33.2%.  In this particular problem the students 

struggled with the definition of slant height.  When given the non-visual problem many students 

labeled the height of the cone 5 inches which is the given slant height and is thus incorrect.  

Students should use the Pythagorean formula to correctly identity the height as 4 inches or 

recognize that the cone has a 3-4-5 right triangle.  Some examples of this common mistake on 

test A problem #2 (Non-visual) are displayed in Figures 25-27.   

 

 

 

 

 

Figure 25. Student Work Sample #1. 
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Student #1 drew both a cylinder and cone to help visualize the figures.  They knew how 

to calculate the volume of a cylinder and cone using the correct formulas, however inaccurately 

labeled their cone height resulting in an incorrect answer.   

 

Figure 26. Student Work Sample #2. 

Student #2 drew a cylinder and a cone as 2-dimensional figures as apposed to 3-

dimensional.  This method is non-conventional but can still result in the correct answer.  They 

also incorrectly labeled the slant height like student #1.  In addition, they incorrectly solved for 

both volume of a cone and cylinder.   

 

Figure 27. Student Work Sample #3. 

 Unlike student #1 and 2, this student did not attempt to draw a visual representation.  

Although this student made the same common vocabulary mistake with slant height and height.  

They correctly used volume formulas for both cone and cylinder but resulted in an incorrect 

answer due to the inaccurate height for a cone.   
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On this specific non-visual problem, 81% of students made the common error of 

inaccurately labeling the height of the cone.  When presented with the visual representation, 77 

% of students made the same common error.   

 

 

 

Figure 28. Student Work Sample #4. 

 Student #4 did not use the correct formula for base in both volume of a cone and cylinder.  

In their work, they omitted using pi in the base therefore resulting in an incorrect use of 

formulas.  In addition to this mistake the student used 5 as the height and not slant height. 

______________________________________________________________________________ 

______________________________________________________________________________ 

Figure 29. Student Work Sample #5. 
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Very similar to student #4, student #5 also used the base formula and omitted using pi in 

both formulas.  This mistake in addition to the common mistake of mixing up slant height and 

height is what caused student #5 to produce an incorrect answer. 

Throughout the assessments there was a clear misunderstanding of the definition of slant 

height with height which caused many students to inaccurately calculate volume.  Note that all 

student samples inaccurately solved for volume of a cone by placing 5 in for height.  This 

misunderstanding had a clear impact on the topic of volume in part making it the most difficult 

topic.   

In all, both statements in the original hypothesis were confirmed.  Overall students scored 

higher on visual problems compared to non-visual.  Although when analyzed, visual figures had 

no effect on student achievement, meaning there was no significance to having a visual 

representation.  On the other hand, topic was significant when compared to student achievement.  

The mathematics topic that specifically showed a significance was volume.  Out of all topics, 

students did significantly worse on volume.  Test takers struggled on one particular volume 

problem more than the rest.  This problem was the only 4-point problem on both assessment.  On 

the survey, 48.1% of students correctly identified the most difficult problem as isomorphic pair 

#2.  This shows students were accurate in their understanding of what they struggled with most.  

This study successfully provided evidence in support of the hypothesis.   

Analyzing both the assessments and surveys showed different results that lead to several 

other relevant findings.  Although there were three main results in this study, there were several 

other findings that stemmed from this investigation which are noted in the section below. 
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Further Results 

From our previous results, it is evident that volume was the most difficult topic.  A 

survey question was directed to ask students about their opinion on which topic they struggled 

with most.  The question and student responses can be seen below.   

 

 

Figure 30. Most Difficult Topic. 

On test A, 38.5% of students selected Volume, 31.0% Surface Area, and 19.2% Area.  

However, on test B, 38.5% of students selected Surface Area, 34.6% Volume, and 15.4% Area.  

It can be seen that students chose topics Volume and Surface Area far more than any other 

answer.  These findings align with the fact that students did worse on these topics overall 

compared to area.  Different factors including major were taken into consideration to investigate 

what may affect student achievement. 

One survey question aimed to place majors into STEM and non-STEM.  There were a 

total of 17 non-STEM and 9 STEM majors.  Using this information, STEM majors performed 

significantly better than non-STEM majors. 
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Using an analysis of variance (ANOVA) comparing STEM majors with non-STEM 

majors, there was an F-value of 7.53, and a p-value of 0.009, with an R-Sq value of 15.67%. 

Therefore evidence suggested that major was indeed a predictor when determining student 

achievement. The descriptive statistics gave a mean score for students with a STEM college 

major of 77%, and non-STEM majors had a mean score of 56%.   

When scoring the assessments, it was evident that STEM majors were more familiar with 

figures and formulas.  One factor that could explain this difference is the exposure STEM majors 

get to mathematics.  Many universities require further mathematics coursework than the 

minimum number of courses required by all students.   

Many factors affected students’ achievement so how can teachers improve the 

performance of all students?  Three main implications for teaching/suggestions for future 

research are noted below for educators to take into consideration when reviewing geometry 

topics.   

Implications for Teaching/Suggestions for Future Research  

There were three implications for teaching and/or suggestions that emerged from this study: 

Implication/Suggestion #1 – Mathematics educators need to develop multiple ways for 

students to effectively recall and apply foundational geometric formulas.   

A common theme overall for students was the lack of experience in geometry over the 

last couple years.  Many discussed their lack of memory when it came to basic geometry 

formulas.  The students mentioned not having much experience with these types of problems 

since high school.  The importance of vocabulary and definitions became evident in the results 

section when students had trouble with slant height and height.  Educators must ensure students 

understand and remember the appropriate vocabulary when preparing for assessments.  Some 
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methods of memorization include flashcards, guided practice, drawing pictures, mnemonic 

devices, and repeated practice which include “do nows” and “tickets out the door.”  Educators 

should use a combination of these practices to maximize students’ understanding.   

The use of mnemonic devices was the one particular practice that students noted most.  

As educators, mnemonic devices can help achieve success in many scenarios.  For example, one 

student explained that they remembered the area of a circle by ‘Apple pie are square:’ 𝐴 = 𝜋 ∙

𝑟2.  Others include ‘Apple pie are round’, and ‘Cherry pie delicious:’ 𝐶 = 𝜋 ∙ 𝑑. Students were 

able to recite mnemonics when asked for the area of a circle and correctly answered the problem.  

When remembered properly mnemonics can aid students in their problem solving process.   

 To furthermore support students in the problem solving process, each student was given a 

reference sheet on the assessments.  This reference sheet was not mandatory for students to use 

but instead a resource of support.  Educators should not only instruct students to use the 

reference sheet whenever possible but also guide them to understand where the reference sheet is 

located and how to properly utilize the formulas.   

Implication/Suggestion #2 – Teachers should use mathematical software to widen students’ 

visualization ability.   

When performing the present research it was evident that students knew how to draw a 

circle, a rectangle, and a rectangular prism.  The questions students struggled with most involved 

‘complex solids’ like cylinders, cones, and spheres.  To enhance student achievement on these 

particular problems they must become familiar with these ‘complex solids.’  Teachers should 

strive for students to look at a figure and feel comfortable and knowledgeable with its 

configuration. 
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To do so, educators should utilize the growth in technology available in the classroom.  

When teaching geometry and 3-dimensional solids, instead of using only a textbook, teachers 

should use mathematical software to their advantage.  According to Laborde (1993), “Computers 

offer facilities not only for drawing in a faster and more precise way than in a paper and pencil 

environment, but also for moving or modifying figures, thus often enabling the user to visualize 

geometrical properties easily.”  The use of technology allows students to delve into the figure in 

a much deeper approach compared to textbooks.   

Some really phenomenal mathematical software programs teachers can utilize are 

Mathematica, GeoGebra, Cinderella, and Geocadabra.  “As a consequence, they will gain a rich 

experience that will allow them to form richer mental images than from textbooks.  In particular, 

students will greatly improve their ability to create dynamic mental images” (Gutiérrez, 1996, p. 

11).  The idea is the more instruction using figures and software, the more familiar a student is 

with the image and its properties allowing them to be more comfortable.   

Implication/Suggestion #3 – Educators need to bridge the gap of student understanding 

between 2-dimensional figures and 3-dimensional figures.   

 The gap between two dimensional figures and three dimensional figures became very 

evident in this study.  Students scored 75.95% on two-dimensional problems and 64.30% on 

three-dimensional problems.  Students also scored highest on pair 6 (a two-dimensional problem) 

(92.30%) and lowest on pair 2 (a three-dimensional problem) (33.20%).   

According to the New York State Common Core Learning Standards (CCSS, 2011) 

students learn two-and three-dimensional geometry in 7th grade.  In 8th grade geometry students 

are introduced to the ‘complex solids’ described in implication #2.  This literal gap in one year is 

creating a gap in understanding.   
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Hand-on learning using manipulatives is a great way for students to become familiar with 

the figures and their features.  Sutton & Krueger emphasize that “manipulatives not only allow 

students to construct their own cognitive models for abstract mathematical ideas and processes, 

they also provide a common language with which to communicate these models to the teacher 

and other students” (p. 1).  Using manipulatives engages students through activities that require 

movement, talking, and listening.  According to Cleaver (2009) “the more parts of your brain 

you use, the more likely you are to retain information.”  Thus manipulatives are a key component 

to student learning. 

Educators must first build background knowledge for students when covering material 

the first time through.  To first help students understand the ‘why’ and importantly what comes 

next.  When teachers build background, the content becomes more meaningful and memorable 

for the students.  When returning to previous material the next year, teachers must measure 

student’s confidence.  This can be done using worksheets, “do nows,” “tickets out the door,” and 

instant feedback techniques like thumbs up/thumbs down.  The more repeated practice and 

confidence measurement, teachers are able to gauge student understanding and tailor teaching to 

their needs making sure to bridge the gap in misunderstanding (Griffin, 2014).   

Limitations and Concluding Remarks 

This study involved college age students 18-23.  In order to broaden the study and 

understand student misconceptions at the high school level, students ages 14-18 should be 

included in a follow-up study.   

When creating the assessment for this study, it included one 4-point problem and five 2-

point problems. The 4-point problem included the most steps and statistically the hardest. For 

future research, all assessment questions should be scored out of the same total points.  
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Therefore, ensuring no problem weighs more than the rest.  To gain a more accurate 

representation of student understanding the assessments should implement additional questions.  

Also in a supplementary study to better represent the student population the sample size should 

be greater to minimize margin of error.   

This study posed questions regarding visual representations and student achievement.  

Based on the results, students’ success on visual vs. non-visual geometry problems showed no 

significance.  For future research, a separate study should be done on visual vs non-visual 

‘complex solids’.  A comparison of two assessments similar to this study using visual and non-

visual isomorphic problems.  This study would include both ‘simple’ and ‘complex’ solids using 

the same number of questions for both.  By doing so, tests can be done to see whether question 

type has an effect on student achievement.  This could further help explain student struggles for 

this study.  Explicitly to understand which problems whether visual or non-visual as well as 

problem type would help educators in their attempts to increase student achievement. 

Research showed students made the most mistakes when solving volume problems.  The 

understanding lies within the context of the problem, specifically the shapes and formulas.  From 

these results, teachers need to use technology paired with a variety of teaching methods to widen 

students ‘mental image’ bank.  When students are exposed to geometry problems and their 

figures, their performance will increase.  Therefore, material should be reinforced through daily 

activities including, “do nows,” “tickets out the door,” practice exams, quizzes, homework, 

guided instruction, and assessments. Teachers with a strong understanding of these 

misconceptions can tailor their instruction to minimize the mistakes and maximize student 

understanding.  It takes hard work and preparation from both the student and teacher to ensure 

success.   
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Appendix B 
 

Test A: 

Directions: Complete the following problems. 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.  

 

 

 

 

 

 

 

 

 

 

 

A right circular cone with a radius of 3 inches has a slant height of 5 inches, and a right 

cylinder with a radius of 4 inches has a height of 6 inches. 

Determine and state the number of full cones of water needed to completely fill the cylinder 

with water. 
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4.  

 

 

 

 

 

 

 

 

 

 

 

5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.  
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Appendix C 

Test B: 

Directions: Complete the following problems. 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  

 

 

 

 

 

 

 

 

 

 

 

3.  
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𝑤 

𝑙 

12 𝑖𝑛 

 

4.  

 

 

 
 

 

 

 

 

 

 

 

 

5.  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

6.  
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Appendix D 
Student Consent Form 

 

College Students Performance on Isomorphic Visual vs. Non-visual Regents Level Geometry 

Problems 

 

Along with a faculty advisor from SUNY Fredonia, I will be completing a research study over 

the next 10 weeks determining if students succeed more on visual or non-visual geometry 

problems.   

 

 You are being asked to participate in a research project. 

 

 To participate you will attend class as usual. 

 

 You MUST BE 18 years or older to participate. Your participation is voluntary.  

 

 Your assessment and survey results will be the focus of the research project and will be used 

as data. 

 

 You will not be identified personally in any way in this research project. Your name will 

never be used. Only the data gathered will be present in the project. 

 

 Mr. Leitner may ask to keep samples of work to use as examples or future reference. 

Confidentiality will stay the same with these examples and names will be removed. It is your 

decision whether or not you want your work used for this purpose. 

 

 There is little to no risk to you during this research project. However, if you have any 

questions or concerns please talk to Mr. Leitner immediately so he can intervene in the 

situation. 

 

 There is no penalty for not signing this consent form. 

 

 There is no reward or chance of receiving bonus points or benefits by participating in this 

project. 

 

 By signing this consent form you are agreeing to the above terms. You are allowing Mr. 

Leitner to use the data gathered in his study. If you do not sign this form you are still 

required to attend class as usual. 

 

 

 

 

If you have any questions or concerns please feel free to ask. 

Please sign and return the original copy as soon as possible. 



50 

EFFECTS OF VISUAL VS. NON-VISUAL GEOMETRY PROBLEMS 

 

Thank you for being a part of this study. Please print, sign and date below in the space provided. 

Signing below confirms that you agree to participate in this study which allows Mr. Leitner to 

use the data he gathers from your class. Remember that regardless if you sign this form or not 

you must attend and participate in class as usual.  

 

Voluntary Consent: I have read the above terms and conditions and I am fully aware of what 

this study involves. With my signature below I give consent and agree to be a participant of Mr. 

Leitner’s study. I am aware that there is no penalty for not participating in the study. I also 

understand that I can withdraw from the study at any time and face no penalties for doing so. I 

understand that I will remain anonymous within the study. I also am aware that if I have any 

questions or concerns I can contact Mr. Leitner at (914)589-7511 or leitner@fredonia.edu.  

 

Please sign and date below and return this original copy as soon as possible. Thank you.  

 

 

 

____________________________________________    ____________ 

Student Name (Please Print)                                 Date 

 

 

____________________________________________  

Signature of Student                                              

 

 

 

  

leitner@fredonia.edu
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Appendix E 
 

Assessment Survey 

 

Please complete the follow up survey: 

 

1. Please fill in the following information: 

 

Age: 

 

Gender: 

 

College Major: 

 

Current Mathematics Course: 

 

Last Mathematics Course Taken: 

 

2. Which problem did you have most trouble with and why? 

 

 

 

 

3. Which problem was the easiest and why? 

 

 

 

 

4. List the number for the problems with answers you are unsure of below.  Why did you 

struggle with these problems? 

 

 

 

 

5. Which mathematical topic did you struggle with most? 

 

a. Surface Area 

b. Volume 

c. Area 

 

6. For which questions did you use the reference sheet? (Circle all that apply) 

 

 

 

None  1 2 3 4 5 6  
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Appendix F 

 

New York State Regents Exam General Rules for Applying Mathematics Rubrics 
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Appendix G 

 Test A Test B Total Points Breakdown of Points 

Multiple Choice  1, 5, 6 2, 5, 6 2 0 Incorrect or no answer  

2 Correct answer 

Short Response – 

Volume 

2 1 4 0 A zero response is completely 

incorrect, irrelevant, or incoherent or 

is a correct response that was 

obtained by an obviously incorrect 

procedure 

1 Appropriate work is shown to find 

96π, the volume of the cylinder, but 

no further correct work is shown. 

Or 

Appropriate work is shown, but one 

conceptual error and one 

computational error are made. 

Or 

Appropriate work is shown to find 4, 

the height of the cone, but no further 

correct work is shown. 

Or 

8, but no work is shown. 

2 Appropriate work is shown, but two 

or more computational errors are 

made. 

Or 

Appropriate work is shown, but one 

conceptual error is made. 

Or 

Appropriate work is shown to find 

12π, the volume of the cone, but no 

further correct work is shown. 

3 Appropriate work is shown, but one 

computational error is made 

Or 

Appropriate work is shown to find 

96π, the volume of the cylinder, and 

12π, the volume of the cone, but no 

further correct work is shown. 

4 8, and correct work is shown 

Short Response – 

Surface Area 

3 4 2 0 A zero response is completely 

incorrect, irrelevant, or incoherent or 

is a correct response that was 

obtained by an obviously incorrect 

procedure. 
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1 452, but no work is shown. 

Or 

Appropriate work is shown to find 

144π, but no further correct work is 

shown. 

Or 

Appropriate work is shown, but one 

conceptual error is made. 

Or 

Appropriate work is shown, but one 

computational or rounding error is 

made. 

2 452, and appropriate work is shown. 

Short Response – 

Area 

4 3 2 0 A zero response is completely 

incorrect, irrelevant, or incoherent or 

is a correct response that was 

obtained by an obviously incorrect 

procedure. 

1 Appropriate work is shown, but one 

computational error is made. 

Or 

Appropriate work is shown, but one 

conceptual error is made. 

Or 

Appropriate work is shown, but the 

answer is expressed as a decimal. 

Or 

The radius of the circle is found, but 

no further correct work is shown. 

Or 

121π, but no work is shown. 

2 121π, and appropriate work is shown. 
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Appendix H 

 
Visual vs. non-visual ANOVA test. 

 
Visual vs. non-visual Tukey test. 

 

Topic ANOVA test. 

 

Topic Tukey test. 

 




