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Abstract 

 

This study examines students’ perceptions of and skill with angular measurement. Its 

underlying purpose is to analyze students’ level of proficiency and appropriate 

understanding of angular measurement and associated measurement tools. It was 

hypothesized that eighth grade students would more accurately determine the 

measurement of a given angle to the nearest degree using visual estimation as opposed to 

using a protractor. The remainder of this study compares eighth grade students’ 

assessments with university students’ assessments. It was further hypothesized that 

neither age nor gender would influence a student’s estimate despite the size or position of 

the angle. Subsequently, it was proposed that students, regardless of their age or gender, 

would have the most difficulty estimating acute angles within 10° of 0° and obtuse angles 

within 10° of 180°. The results of this study indicate that eighth grade students do not 

have sufficient knowledge in using angular measurement tools. Additional results 

revealed that both gender and age were found to have statistical significance in the visual 

estimation of angles and overwhelming evidence suggested that the least difficult angles 

to estimate were those close to 90 degrees. 
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Introduction 

 

 Measurement, including the measurement of angles, is incorporated into New York 

State (NYS) and Common Core State Standards (CCSS) curriculum. Both sets of 

standards emphasize the importance of angular measurement for students of all ages and 

grade levels. This research examines students’ perceptions of angular measurement and 

teaching strategies to impact these perceptions. Its underlying purpose is to analyze 

students’ level of proficiency and appropriate understanding of angular measurement and 

associated measurement tools.   

 The interest in this study began when a colleague had decided to share one of her 

more frustrating teaching experiences. Her placement required her to work with middle 

school students teaching angular measurement both with and without the assistance of a 

protractor. She had observed that a number of students were able to make a decision on 

the type of angle (acute, right, or obtuse) then provide a relatively close estimate to the 

angle’s actual measurement. When her students were provided with a protractor many 

ignored their prior estimates and relied solely on the protractor’s measurement. My 

colleague’s observation may not appear to be an issue, but when students are not able to 

appropriately use a protractor it becomes one. In fact, my colleague had noticed her 

students gave relatively close estimates to the angle’s actual measurement, yet provided 

an entirely inaccurate response after using the protractor.  

 My colleague’s experience became the reason for interest in this study. Could her 

personal experience be shared among other mathematics educators? Considering the 

strong emphasis on the appropriate use of tools in both the New York State and Common 

Core State Standards for Mathematics, this question is worth investigating. Are our 
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students able to provide the measurement of an angle when asked to use a protractor? 

This leads us to ask ourselves, can our students use appropriate measurement tools both 

effectively and efficiently? This is the underlying problem that defines the hypothesis 

statement for this research: 

It is hypothesized that eighth grade students will more accurately determine the 

measurement of a given angle to the nearest degree using visual estimation as 

opposed to using a protractor. 

After a preliminary research on the above hypothesis, another interesting thesis 

topic emerged. Do age, gender, or any other factors have an influence on the visual 

estimation of angles?  A larger participant sample that included university students had 

been added and the following hypothesis statement was created: 

It is further hypothesized that neither age nor gender will have an influence on a 

student’s estimate despite the size or position of the angle. Subsequently, it is 

proposed that students, regardless of their age and gender, will have the most 

difficulty estimating acute angles within 10° of 0° and obtuse angles within 10° of 

180°. 

The first hypothesis created was satisfied using a sample of eighth grade students. 

Each participant completed two assessments. The first assessment, Assessment #1, had 

students visually estimate a series of angles. The second assessment, Assessment #2, had 

the participants measure angles that were identical in measurements to the first 

assessment, but this time with the support of a protractor. Each assessment was then 

followed up by a corresponding survey to gather additional information. Data was 

collected, analyzed, and the results led to a possible conclusion. Another part of the 
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experiment focused solely on students and their visual estimation of angles. Its design 

was to verify the second hypothesis. It included data from the eighth grade students’ 

Assessment #1 as well as new data gathered from a sample of university students. The 

university students completed Assessment #1, where each participant had to visually 

estimate a series of angles. Assessment #1 was followed by a corresponding survey to 

gather additional information germane to the study. 

Literature Review 

The purpose of this literature review is to examine the existing research pertaining 

to students’ perceptions and understandings of angular measurement in an attempt to 

define a context for further research. Angles and their measurements are introduced to 

students in their very first few years of schooling. Once a solid foundation of angular 

measurement has developed, students can begin to grasp some of the more sophisticated 

angular concepts typically seen in high school geometry courses. Through a preliminary 

search of existing research it appears as though very few studies have been conducted on 

angular measurement specific to students at the middle or high school level. Therefore, 

this literature review will instead examine teachers’ concepts of angles and research on 

early elementary students’ concepts of angles. The review will conclude with a 

discussion of research pertaining to students’ strategies for obtaining both generic 

measurements and estimations that are applicable to angular measurements and 

estimations.  

Angle Concept 

 

What is an angle? Several authors have invested time and research addressing the 

different definitions of angle used in school mathematics (Clausen-May, 1998; Clements 
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& Burns, 2000; Douek, 1998; Mitchelmore & White, 1997; 1998; 2000; Moyer, 2001; 

Wilson & Adams, 1992). Mitchelmore and White (1998) consider more modern 

definitions to fall into broader categories such as “viewing angle as either an amount of 

turning between two lines meeting at a point, a union of two rays with a common end 

point, or the intersection of two half planes” (p. 4). With so many variations of the 

definition, it is considered a multi-faceted concept that gives students difficulty well into 

their secondary or post-secondary education.  

Teacher Concept of Angle 

It is generally understood that a well-qualified teacher must have a deep 

conceptual understanding of the subject matter they teach. Specifically in mathematics 

education, having more than adequate mathematical knowledge is expected. However, do 

teachers have clear understandings of an angle? Yazgan, Argün, and Emre
 
 (2009) 

assessed fifteen teachers on their concept of an angle. The teachers had been selected as 

participants in the study based on their decision to apply to a school in Turkey during the 

2007-2008 semester. The application to the school had required an entrance examination 

that included eight mathematics questions, however the study only focuses its analysis on 

the responses to one of those eight questions. The question that was used in the study was 

the one pertinent to understanding teachers’ concepts of angles. The teachers we asked: 

“What is angle and which feature of angle is measured? Please can you write your idea 

about how to teach this concept” (p. 287). The Researchers categorized the teachers’ 

responses as a union of two rays with a common end point, a region, and the size between 

a line segment and a ground plane. Results of this study indicate that “teachers don’t have 
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sufficient knowledge about “angle” concept and the measure of an angle” (p. 289). The 

researchers further conclude their study by suggesting that  

the reason for teachers having weak and narrow content knowledge come firstly 

from their training in the schools (primary, middle, and secondary); secondly they 

cannot bridge the gap between what they learn in the undergraduate curriculum 

and what they teach students in schools. (p. 289) 

 

In considering these assumptions, it seems logical to explore students’ concepts of angles. 

Student Concept of Angle 

 

Due to the complexity of the angle concept, one may wonder how to teach 

students about angles and their measurements. Furthermore, teachers question what their 

students conceptually understand about angles. Researchers agree with teachers (Clausen-

May, 1998; Clements & Burns, 2000; Douek, 1998; Keiser, Klee & Fitch, 2003; 

Mitchelmore, 1997; Mitchelmore & White, 1998; 2000; Moyer, 2001; Moyer & Jones, 

2004; Wilson & Adams, 1992) and question students’ perceptions of angles. They further 

question how the concepts of angles and angular measurements should be treated in 

schools.  

Early Child Recognition of Angle 

 

  Mitchelmore (1997) has conducted extensive research pertaining to young student’s 

concepts of angles. In a study, Mitchelmore assesses children’s informal knowledge of 

angles. The study was designed to explore four areas:  

 What situated knowledge of some typical physical angle situations do 

children have?  

 Into what angle contexts do children classify these physical angles 

situations?  

 How do children model the angles implicit in the selected physical angle 

situations? 

 What angle-related similarities between different angle situations do 

children recognize? (p. 4) 

 



BRYDGES 6 
 

 

The participants used in the study had no formal training in the concept of angles 

so second grade was chosen because in New South Wales schools, “formal teaching on 

angles starts in Year 3” (p. 4). Thirty-six children were chosen as participants and their 

average age was 7.4 years. The children were randomly selected from two schools in 

western Sydney. Each child was interviewed on one pair of angle situations. Situations 

had been classified into “six common, but varied contexts of angle (turns around a fixed 

point, slopes, crossings, bends, rebounds and planes corners)” (p. 4). A simple physical 

model (body turns, hills, scissors, road bends, cricket and tiles) had been chosen to 

represent each of the six contexts. A pair of angle situations for which the children were 

interviewed consisted of one large and one small model. The physical models used are 

illustrated in Figure 1.  

 

 

 

 

 

 

 

 

 

 

For the interviews, Mitchelmore split the children into groups of four having one 

boy and one girl from each school.  Each group was interviewed on one of the nine pairs 

Figure 1. Physical models of angle situations representing six angle contexts. 
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of angle situations that had been formed. Each interview lasted 30-40 minutes. The 

researcher evaluated situational, contextual, and abstract angle knowledge through a 

serious of tasks. Lastly, “after the children had responded to their situations, children 

were questioned to investigate what similarities they saw between them” (p. 7). Results 

of this study were classified as situated angle knowledge, angle context definition, or 

abstract angle modeling. The study indicates  

in general, the children had an excellent situated knowledge of the six physical 

angle situations present, and seemed to classify them into contexts very much as 

predicted. However, recognition of the standard angle concept varied widely”. (p. 

13) 

It was also noted that, 

the most striking result of the present study is the different ways in which children 

apparently conceptualize the six contexts investigated. In fact, the differences are 

so great that one might wonder how a general angle concept could ever emerge. 

(p. 15)  

 

The following year, Mitchelmore and White extended the 1997 study to include 

fourth grade. They wanted to confirm the results of the second grade study, check for 

cognitive growth in students from second grade to fourth grade, and investigate a possible 

relationship to the formal instruction on angles. Thirty-six children, averaging 9.6 years 

of age, were chosen as the fourth grade participants. The children were selected from two 

schools located in western Sydney. Similar to the 1997 study, each group of children was 

interviewed on one pair of angle situations. The groups were given various tasks to assess 

their level of angle knowledge (situated, contextual or abstract). The same materials from 

the earlier study were used to represent the six contexts. A research assistant conducted 

all interviews asking similar questions posed in the earlier study, but with the addition of 

a new question that assessed the children’s’ formal knowledge. The additional question 

asked children whether or not they understood the word “angle” and more specifically 
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what a “right angle” was. Results of the study indicate, that the children with formal 

knowledge have sufficient knowledge of the six physical angle situations, however the 

vocabulary to describe these situations is limited. The results also indicate an increase in 

recognition of the standard angle between second and fourth grade; the researchers felt 

this was a result of the formal instruction on angles. The study concludes by suggesting 

that the majority of children claimed to have not done “anything like this” in school, 

however, all children could give at least one definition of angle (p. 17). From the 55 

responses the authors received, 45% stated “essentially that an angle consists of two lines 

meeting at a point; 22% that an angle is the point where two lines meet; and 15% that it is 

the area between the two lines” (p. 17). Correct demonstrations of right angles were given 

by 28 children and 4 claimed to know about “left angles” (p.17).   

The main results of Mitchelmore and White’s studies indicate that children 

gradually incorporate more and more different angle situations under the angle concept 

over time, which deepens their concepts of angles. A pedagogical implication suggested 

by both Mitchelmore and White was to give children more opportunities to engage in 

tasks that help them make connections between different angle situations; this further 

enriches their abstract angle knowledge. Thinking about these implications, it appears 

only natural to research older students’ concepts of angles. 

Extended Student Concept of Angle 

 

Several researchers (Douek, 1998; Keiser, Klee, & Fitch, 2003) have conducted 

studies with late elementary, middle school, or high-school students, which remain 

consistent with Mitchelmore and White’s conclusions. Keiser, Klee, and Fitch (2003) 

found many sixth grade students in their study decided to define angles by their 
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measurements. In 1984, Foxman and Ruddock studied students 15 years of age and 

according to Mitchelmore and White, they observed, “only 4% of 15 year old students 

spontaneously mentioned turning in defining angle” (as cited in Mitchelmore and White 

1998). Douek (1998) explored students’ concepts of angles using a longitudinal teaching 

and learning activity centered on the idea of sun shadows. Her study was conducted in 

Italy and participants were selected from a local third grade classroom. These students 

were followed and analyzed up until fifth grade. Her investigation mainly examines the 

participants’ work samples from their fourth grade year. Students had performed 

activities that had used the sun, their bodies, chalk, photographs, etc. In one activity, the 

students experienced different angle concepts using the sun and its apparent movement in 

the sky with their arms. The students discussed their observations and drew comparisons 

between the sun’s inclination and angles. Other activities had students either draw 

themselves standing in the sun with their shadow, trace a shadow fan cast by a nail, trace 

a reduced scale of the shadow fan, or draw a picture of the nail’s shadow in another 

location. Results from this study indicate that students have difficulty describing angles 

in terms of abstract ideas such as the sun’s inclination. Therefore, if students are 

experiencing difficulty understanding the concept of an angle, they must have difficulty 

addressing its measurement. 

Student Perceptions of Measurement and Strategies to Impact Those Perceptions 

Angular measurement techniques can be developed in ways similar to measuring 

other attributes such as length. First the student must recognize the angle then make 

either a direct or indirect comparison. Subsequently, the student must assign either 

informal or formal units for measure. Both length and angle measurements also have 
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associated measurement tools to help assist in this process. Many studies suggest 

examining students’ perceptions of length measurement in order to reach a better 

understanding of other less researched areas of measurement such as angular 

measurement (Sdrolias & Triandafillidis, 2007; Sisman & Aksu, 2012; Van den Heuvel-

Panhuizen, 2011). 

In a study, Castle and Needham (2007) assess what measurement means to first 

grade students. Both researchers have over 20 years of teaching experience, including 

teaching in the first grade; as well as concerns about young students’ understanding of 

measurement. Their study takes place in “a first grade classroom of 16 students, located 

in a public elementary school situated in a middle-to-upper class suburban community in 

a Midwestern state of the United States” (p. 216). The participants were engaged in 

measurement activities throughout the entire school year. The teachers’ initiated activities 

on measurement included “students’ estimation of length of their jumps; use of non-

standard measurement tools to measure distance from the classroom to the office; 

estimations of circumference and weight of various sized pumpkins; and measurement of 

plant growth with both non-standard and standard measurement tools” (p. 216). Each 

participant was interviewed about his or her ideas of measurement in early September 

and once again in May. The same questions had been asked in each interview. Data was 

collected through field notes taken during the researchers’ observations, student work 

samples, and student interviews. Castle and Needham scored the interview responses for 

“evidence of conservation, transitivity, unit iteration, and knowledge of measurement 

terms and tools” (p. 217). They also analyzed their field notes and student work samples 

“searching for patterns and themes of measurement” (p. 217). The results of this study 
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indicate growth in conservation, transitivity, unit iteration, and social knowledge from the 

beginning to the end of the year. The areas of conservation of number and length showed 

the least improvement. By the end of first grade there remained “two students who did 

not conserve number and seven who did not conserve length” (p. 217). Since these 

students were facing difficulty understanding these concepts in the context of length, then 

it would only be logical to think that students may experience similar difficulty in the 

context of angles. Lastly based on their findings, Castle and Needham agreed upon “six 

major themes of students’ understanding of measurement” (p. 217). One theme implies 

students tend to make direct comparisons specific to the size of objects. This theme can 

be easily related to one more pertinent to angular measurement. Just as the participants in 

the study were given different sized objects to measure, students in classrooms are given 

different sized angles to measure. In order to use a protractor correctly, students need to 

be aware of the angle’s relative size.   

In a related study that groups children by their first three years of schooling, 

Boulton-Lewis, Wilss, and Mutch (1996) analyze what strategies and measurement 

devices children choose for length measurement, but findings could possibly relate to 

angular measurement. The sample of participants included “70 children, 23 in Year 1, 25 

in Year 2 and 22 in Year 3, in two suburban schools in Brisbane in low to medium 

(School 1) and high (School 2) socioeconomic areas” (p. 335). There were 36 girls and 

34 boys, between 5 and 8 years of age, with varied levels of mathematical ability. Toward 

the start and end of the school year, each child was given a range of measurement 

situations and interviewed on both the materials used for measuring and the process or 

strategies they had used. The materials used were “selected mainly on the basis of what 
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teachers said they intended to use and included unifix cubes, unmarked sticks, half and 

full matches, string and scissors, children’s body parts, meter rulers, and 30 centimeter 

rulers” (p. 335). Each child’s interview was recorded, reviewed, transcribed, and coded 

for results. The researchers concluded that, “there is a significant increase in 

understanding of the length measuring process over the 3 years” (p. 345). They also 

showed that “the most preferred strategy was the use of a standard device” despite the 

child’s year (p. 341). Due to this result, Boulton-Lewis, Wilss, and Mutch suggest 

encouraging children to “measure directly and indirectly with both standard measure and 

arbitrary units” during the first year of a child’s schooling as opposed to traditional 

sequencing which only exposes children to standard measuring devices in Year 2 and 3 

(p. 345). This change will most likely maintain the child’s interest in measurement 

activities and perhaps make measurement more meaningful to the child.  

Boulton-Lewis, Wilss, and Mutch (1996) claimed it would be beneficial to have 

students work with a protractor at a very early age. Wilson and Adams (1992) agree with 

Boulton-Lewis, Wilss, and Mutch but for a slightly different reason. They state that 

“student’s concept of, and attention to, the concept of angle may be a result of neglecting 

the topics of angle and angle measurement in the early elementary school curriculum” (p. 

12). To encourage interest and deepen conceptual understanding of angular measurement, 

it is suggested to subject students to the use of a protractor starting from a very early age. 

According to NYS Performance Indicators, exposure to a protractor typically occurs in 

the fifth grade. The Common Core introduces the protractor at an earlier age. Its use is 

taught in fourth grade as a way to both measure and draw angles of whole degree 



BRYDGES 13 
 

 

measures. Although it is important to work with protractors at an early age, it is equally 

important to use them later on in the students’ educational career. 

In a study concerned with the treatment of measurement in the junior grades, 

Sisman and Aksu (2012) question whether seventh grade students have sufficient 

knowledge of basic concepts and skills of linear measurement. Participants included “134 

seventh grade students attending a public primary school in a medium socioeconomic 

area of Ankara, Turkey” (p. 1906). There were 66 male students, 68 female students, and 

their ages had ranged from 13 to 15 years old. Researchers had developed five tasks to 

“examine the extent to which the students comprehend the underpinnings of length 

measurement as well as applying measurement procedures” (p. 1906). Tasks included: 1) 

finding the length of a broken ruler, 2) comparing lengths with different measurement 

tools, 3) a ruler construction, 4) measuring with a ruler, and 5) selecting appropriate units 

for a given attribute. The findings reveal that the “students’ linear measurement 

knowledge and skills are quite shallow and insufficient” (p. 1908). Despite having years 

of formal instruction on linear measurement,  

seventh graders still started from 1 rather than 0 while engaging in a ruler; counted 

either marks or numbers on a ruler instead of intervals; reported the last number as 

the length of the ruler; mixed units of length measurement, and had problems with 

the relationship between the attribute and units of measurement. (p. 1908) 

 

The main conclusions drawn from the results of the study suggest students lack 

understanding of the basic measurement concepts. It also states that this could be a result 

of inadequate curriculum, teachers, instruction, or assessment procedures.  

 To minimize the above result, Wilson and Adams (1992) address a dynamic way 

to teach measurement, specifically angular measurement. They provide many activities 

about angles and in one of the activities students create their own protractors to measure 
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angles. According to Wilson and Adams, transfer activities centered on angle concepts 

help students make judgments about the measurement to choose on the protractor. For 

example, the angle measure of 45 and 135 degrees both appear on the protractor at the 

same mark. Therefore, students have to make a judgment about whether the angle is 

greater than or less than a right angle. This judgment is often reliant on students’ 

estimation abilities. 

Student Perceptions to Estimation and Strategies to Impact Those Perceptions 

The nature of estimation and its relationship to measurement is undeniable. 

Estimation can give a sensible answer to questions that ask “how much”, “how long”, or 

“how many”. When students answer questions that require estimation, they are typically 

using either their computational skills or visual abilities. This leads researchers to 

categorize estimation into two types: computational estimation and visual estimation 

(Branoff, Clark, & Waters Jr., 2001; Jones, Gardner, Taylor, Forrester, & Andre, 2012; 

Markovits & Hershkowitz, 1997). Working specifically with measurements, students tend 

to overlook the significance visual estimation can have. It is a great way to predict an 

accurate and reliable measurement.  

Jones, Gardener, Taylor, Forrester, and Andre (2012) assess students’ accuracy of 

measurement for linear distances and whether or not there is a relationship between 

accurate estimation and logical thinking. Participants in the study included 39 students 

who had been “attending an extracurricular school program at a public middle school in 

the Southeastern United States” (p. 173). The students were primarily either Caucasian or 

African-American and “a little more than half of the students were male (55% male and 

65% female)” (p. 173). Students were given specific estimation tasks that were to be 
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completed within a 20-minute session. Tasks included, estimating the length of “two 

dowel rods” (p. 174); estimating the length of a “raised puffy paint line” (p. 174); 

estimating lines drawn on paper; and lastly, students were asked to “estimate the length 

of one side of a three-dimensional wooden cube” (p. 174). Respectively, these tasks were 

assigned to measure students’ object orientation, haptic (touch) influences on estimation 

accuracy, visual inferences, and students’ “spatial dimensionality on estimation 

accuracy” (p. 174). To further evaluate the students, the researchers required students to 

take a “Test of Logical Thinking (TOLT)” that evaluated students on their formal 

reasoning abilities. Data was collected and analyzed through various statistical software 

techniques. Students’ accuracy of estimation was determined by a percent error of 

estimation formula. The formula used the difference between the student’s estimation to 

the actual measurement and divided the calculated value by the actual measurement. 

These values were then converted to a percentage by multiplying by 100. Researchers 

found students in the sample showed “a wide range of accuracy for estimating values 

within each task” (p. 175) which could mean that estimation may be dependent on the 

specific task.  Lastly, the results found students tend to “overestimate, in general, 

regardless of task context or unit measure” (p. 175).  

Markovits and Hershkowitz (1997) went beyond the traditional studies on 

students’ accuracy in estimation tasks and decided to include the processes or strategies 

students use for visual estimation in their research. The study included 12 third grade 

students who had participated in an “instructional unit designed to develop estimation 

abilities” (p. 34). The participants were interviewed both before and after the visual 

estimation unit. They were judged based on their “visual estimation abilities, estimation 
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strategies, and self judgment processes” (p. 34). Throughout the interviews the 

researchers administered, “a set of 30 flash cards, consisting of dot pictures in which the 

number of dots varied from 10 to 40 and the arrangement of the dots varied” (p. 34). The 

participants had to record their best estimate for the number of dots on each flashcard. 

Materials had also been placed within reach of the participants to assist them in 

determining an estimate. Materials included “pencils, plastic circles, and squares” (p. 34). 

After all data had been collected, results revealed that the students were “closer to the 

exact number when the dots were arranged in a geometric pattern” (p. 34). The results 

also indicated that students provided more underestimates, which is contrary to the results 

found by Jones, Gardener, Taylor, Forrester, and Andre (2012). Markovits and 

Hershkowitz believed this was due to the children’s “limited exposure to numbers of this 

magnitude” (p. 36).  Lastly, the researchers identified four strategies that had been used 

by the participants. Strategies included the counting strategy, the grouping strategy, the 

comparison strategy, and the global perception strategy. These strategies were observed 

both before and after the instructional unit. Students who used the counting strategy were 

more likely to switch strategies after formal instruction.  Most students favored the global 

perception strategy. In general, findings show that “children are able to improve their 

ability to reach absolute visual information at a glance; the strategy they use becomes 

more efficient and is performed subconsciously” (p. 38).  

Berry (1968) and Pratt (1926) have very strong studies on the visual estimation of 

angles. Their studies were conducted quite a few years back, but both of their studies’ 

findings have significant implications. Each study had a way to test adult participants on 

their ability to determine an angle’s measure in degrees. Berry had concluded that nearly 
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all participants had underestimated the angles’ actual measurements and implied that this 

may be due to the fact that his participants lacked in making comparisons between angles 

in different orientations. Pratt found that both acute and obtuse angles tended to be 

overestimated and “judgments of acute angles were more uniformly accurate and 

consistent than those of obtuse” (p. 140). Another finding of Pratt’s study suggested “the 

size of the angle was usually judged not directly estimating the amount of space between 

the two arms but rather by judging the position of the arms with respect to certain 

imaginary lines” (p. 140). Researchers frequently examine students’ cognitive processes 

that may affect estimation (Branoff, Clark, & Waters Jr, 2001; Jones, Gardner, Taylor, 

Forrester, & Andre, 2012; Markovits & Hershkowitz, 1997), however studies specific to 

angular measurement are limited. Since Berry (1968) and Pratt’s (1926) studies were 

conducted years prior, it further justifies the need to seek similar research in a more 

modern era. 

Experimental Design and Data Collection 

The entire experiment was divided into two parts. First, eighth grade students’ 

assessment scores were analyzed while the second part of the experiment compared these 

students’ scores to assessment scores from a sample of university students.  

The first part of the experiment was designed to test the hypothesis that eighth 

grade students would more accurately determine the measurement of a given angle to the 

nearest degree using visual estimation as opposed to using a protractor; suggesting 

students are lacking in sufficient knowledge of the proper use of the angle-measuring 

tool. To answer the proposed hypothesis, students completed two virtually identical 

assessments comprised of eight problems on angle measure. The first assessment, 
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Assessment #1 measured a student’s ability to visually estimate an angle. The second 

assessment, Assessment #2 specifically evaluated students on their use of the protractor. 

The assessments were collected, scored, and compared to answer the proposed 

hypothesis. Each assessment was followed by a brief survey to gather additional 

information on strategies or difficulties the participants may have encountered.  

The second part of the experiment was a comparison between eighth grade students’ 

visual estimation skills and university students’ estimation skills. This part was intended 

to investigate students’ skills and factors that may have had an influence in the visual 

estimation of angles. More specifically, the second part was designed to test the 

hypothesis that neither age nor gender would influence a student’s estimate despite the 

size or position of the angle. Subsequently, the second part of the experiment tested the 

hypothesis that students, regardless of their age or gender, would have the most difficulty 

estimating acute angles within 10° of 0° and obtuse angles within 10° of 180°. The 

second part of the experiment used the same data and scores from the eighth grade 

students’ Assessment #1. For comparison, the university students completed an identical 

assessment as the one that was administered to the eighth grade students. Their responses 

were scored and compared to the eighth grade students’ scores. The assessment was then 

followed by a brief survey to gather additional information on strategies or difficulties the 

participants may have encountered.  

Participants 

 This study was conducted at a local Jr. High school situated in Western New 

York. The district population consists of 5,081 residences with 97.4% being of Caucasian 

descent. K-12 enrollment is approximately 765 students with an 11.8% poverty level and 
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Figure 2. Eighth Grade Subject Demographics 

Figure 3. Eighth Grade Subject Demographics 

10.2% of students receiving a free or reduced lunch. The highly ranked school has an 

overall Regents graduation rate of 96.8% with 60.3% of students graduating with an  

advanced Regents diploma.  

 The participants in both parts of the study 

were students in the eighth grade. A total of 31 

eighth grade students participated in the study 

including 19 male and 12 females. The student 

sample is approximately 90.3% Caucasian, 3.2% 

African American, 3.2% Asian, and 3.2% 

Hispanic. All students were required to have at 

least 40 minutes of mathematics instruction 

daily. Figures 2 and 3 provide more details on 

the participant sample demographics. 

In order to use this participant sample for 

research purposes, special permission was 

received. A consent form (see Appendix) was 

given to each student. Signatures from both the participant and their legal guardians were 

obtained before executing the experiment. Permission from the principal was also 

obtained prior to administering the study. 

The second part of the study included the previous eighth grade student sample as 

well as a sample of students from a local western New York university.  The community 

is composed of roughly 11,000 residences and the institution reaches approximately 5730 

students. The majority of students enrolled at the university are predominately Caucasian 

Gender Number of Students 

Male 19 

Female 12 

Total 31 

Race Number of Students 

Caucasian 28 

African American 1 

Asian 1 

Hispanic 1 

Total 31 
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Figure 4. University Subject Demographics 

Figure 5. University Subject Demographics 

Figure 6. University Subject Demographics 

and originally from the surrounding counties of Chautauqua, Cattaraugus, Erie, Monroe, 

Niagara, and Onondaga. The remaining 

students are from other parts of the state, 

country, or outside the United States. 

The experimental group totaled 40 

non-mathematics major students, 10 of 

whom were freshmen, 7 were sophomores, 

13 were juniors, and 10 were seniors. The 

sample included 21 male and 19 female 

students enrolled in one of the two offered 

sections of Prize Winning Mathematics 

(MATH 108). Prize Winning Mathematics 

is a three-credit class used mainly to fulfill 

a student’s general education requirement for 

mathematics needed for 

graduation. The two sections 

each met three times a week 

for 50 minutes. A different 

instructor led each class; 

however, similar mathematics 

content was covered through 

lecture. Consent from the 

Gender Number of 

Students  

(Section 01) 

Number of 

Students  

(Section 02) 

Male 12 9 

Female 11 8 

Total 23 17 

Race Number of 

Students  

(Section 01) 

Number of 

Students  

(Section 02) 

Caucasian 20 16 

African  

American 
3 1 

Total 23 17 

Collegiate Year Number of 

Students  

(Section 01) 

Number of 

Students  

(Section 02) 

Freshman 8 2 

Sophomore 6 1 

Junior 6 7 

Senior 3 7 

Total 23 17 
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Figure 7. Experimental Procedures 

participants to perform the experiment was obtained. Figures 4, 5, and 6 provide more 

specific details on the participant sample demographics. 

Design 

 Prior to the first part of the experiment, each eighth grade participant was 

assigned a number. These numbers were placed at the top of their assessments and 

surveys so comparisons could be made in data analysis. With the assistance from the 

participants’ regular mathematics teacher, all experimental items had been administered 

to participants during a single 45-minute class. Out of the allotted class time, subjects 

were given ten minutes for the completion of each assessment with a five-minute 

intermission between assessments. Instructions for the first assessment, Assessment #1 

were given during the first few minutes of class followed by the distribution of 

assessment materials. Materials included the eight-problem assessment, an unmarked 

straight edge, and pencil. The corresponding survey, Survey #1 was dispensed 

immediately after the 10-minute assessment. The participants were allowed to use their 

assessment to answer the corresponding survey questions. Then a five-minute break was 

used to gather assessments, materials, and surveys. Additional instructions for the second 

assessment, Assessment #2 as 

well as the distribution of the 

new materials were also 

provided during the 

intermission. Materials for the 

second assessment included the eight-problem 

 

Summary of Experimental Procedures (Eighth Grade Students): 

Step 1: Assigned each participant a number 

Step 2: Distribution of Assessment #1 and materials (10 min.) 

Step 3: Distribution of Survey #1 

Step 4: Collection of Assessments #1, materials, and Survey #1 (5 min.) 

Step 5: Distribution of Assessment #2 and materials (10 min.) 

Step 6: Distribution of Survey #2 

Step 7: Collection of Assessments #2, materials, and Survey #2 
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Summary of Experimental Procedures  

(University Students): 

Step 1: Assigned each participant a number 

Step 2: Distribution of Assessment #1 and materials (10 min.) 

Step 3: Distribution of Survey #1 

Step 4: Collection of Assessments #1, materials, and Survey #1 

 

                  Figure 8. Experimental Procedures 

assessment, a protractor, and a pencil. Once the assessment was completed a second 

survey, Survey #2 was administered.  

 The second part of the experiment used the same data collected from the eighth 

grade students’ Assessment #1, so no additional procedures with these students were 

necessary. However, in order to answer the last statement of the hypothesis, supplemental 

data was collected from the university participants. These participants were also assigned 

a number. These numbers were placed at the top of their assessments and surveys so 

comparisons could be made in data analysis. With the assistance from the section two 

Prize Winning Mathematics’ instructor, all experimental items were administered. During 

a single 50-minute class, subjects were given 10 minutes for the completion of 

Assessment #1. Instructions for the 

assessment were given during the 

first few minutes of class followed 

by the distribution of assessment 

materials. Materials included the 

eight-problem assessment, an 

unmarked straightedge, and a pencil. Survey #1 was dispensed immediately after the 10-

minute assessment. The participants were allowed to use their assessment to answer the 

corresponding survey questions. Once surveys were completed the proctor gathered all 

assessments, materials, and surveys. 

Instrument Items and Justification 

 Problems on the assessments are comparable to problems that would typically be 

seen in traditional elementary textbooks. Assessment #1 was used in both experiments 
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Figure 9. Assessment #1 

and measured students’ ability to visually estimate a given angle to the nearest degree. 

The first six problems provided students with a given angle. The directions were to make 

an educated estimate of the angle’s measurement. The last two problems required 

students to draw an 

angle given a specific 

degree measurement 

using only a 

straightedge. 

Assessment #2 analyzed 

the eighth grade 

students’ accuracy of 

measurement using the 

protractor. The first six 

problems were identical 

to the other assessment; 

however they were 

arranged in a different 

order. Participants were 

instructed to provide the 

measurement to the nearest degree using their protractor. The last two problems had 

students use the protractor to draw an angle given a specific measurement. Assessment #1 

is displayed in Figure 9 and Assessment #2 is displayed in Figure 10. 
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The participants were required to complete all problems on the assessments they 

were administered. The participants’ numbers were recorded on all assessment and 

survey materials in order to make comparisons. Justifications on why each angle or 

measurements were selected are provided in Figure 11. 

 

 

Figure 10. Assessment #2 
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Assessment Problems 

(In no specific order) 

 

Justification 

 

This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

obtuse angles that are not in standard 

position. For Assessment #2, this angle 

was chosen to assess the students’ 

accuracy of measurement using the 

protractor for obtuse angles that are not 

in standard position. 

 This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

acute angles that are not in standard 

position. For Assessment #2, this angle 

was chosen to assess the students’ 

accuracy of measurement using the 

protractor for acute angles that are not in 

standard position. It was also used in 

Assessment #1 to measure students’ 

ability to estimate acute angles that are 

within 10˚ of 0˚.                             

 This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

obtuse angles that are in standard 

position and open from the left. For 

Assessment #2, this angle was chosen to 

assess the students’ accuracy of 

measurement using the protractor for 

obtuse angles that are in standard 

position and open from the left. 

 

This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

obtuse angles that are in standard 

position. For Assessment #2, this angle 

was chosen to assess the students’ 

accuracy of measurement using the 

protractor for obtuse angles that are in 

standard position. 
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This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

acute angles that are not in standard 

position and open from the left. For 

Assessment #2, this angle was chosen to 

assess the students’ accuracy of 

measurement using the protractor for 

acute angles that are not standard 

position and open from the left. 

 

This problem was used on both 

Assessments #1 and #2. For Assessment 

#1, this angle was chosen to assess the 

students’ skills in the visual estimation of 

acute angles that are in standard position. 

For Assessment #2, this angle was 

chosen to assess the students’ accuracy of 

measurement using the protractor for 

acute angles that are in standard position. 

Draw an angle ABC, which is 173˚.                 This problem was used in Assessment #1 

to measure students’ ability to estimate 

and draw obtuse angles that are within 

10˚ of 180˚.                             

Draw an angle DEF, which is 25˚.                 This problem was used in Assessment #1 

to measure students’ ability to estimate 

and draw an acute angle.                             

Draw an angle ABC, which is 115˚. This problem was used in Assessment #2 

to measure students’ ability to estimate 

and draw an obtuse angle.                             

Draw an angle DEF, which is 55˚. This problem was used in Assessment #2 

to measure students’ ability to estimate 

and draw an acute angle.                             

 

 

The first two questions in Survey #1 were used to gather background information 

on each participant that took part in the two parts of the experiment. Questions #4 and #5 

evaluated difficulties the participant may have encountered during the assessment. The 

remaining survey questions were designed to draw some conclusion about participants’ 

strategies or influences that may have been a factor in determining their estimates. 

 

Figure 11. Instrument Justification 
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Follow-up Survey Questions (Survey #1):  

1. What is your gender? 

a. Male  b. Female 

 

2. What best describes your ethnicity. Circle all that apply. 

a. Caucasian/ White Non-Hispanic 

b. African American 

c. Asian 

d. Hispanic 

e. Native American 

f. Other: 

__________________________________________________________. 

 

3. What strategies did you use to estimate the size of the angle? Circle all that apply. 

a. Familiar with angles measured in degrees. 

b. Used given materials as a reference. 

c. Compared given angle with your perception of a right angle (90 ). 
d. Compared given angle with your perception of a straight line (180 ). 
e. Used other common angle measures (i.e. 30 , 45 , etc.) as a reference. 

f. No Strategy was used. 

g. Other: ________________________________________________________. 

Comments: 

 

4. What angle(s) did you find the most difficult to estimate (provide question 

number(s))? Why? 

 

5. What angle(s) did you find the least difficult to estimate (provide question 

number(s))? Why?  

 

6. Do you feel any outside factors influenced your estimate? Circle all that apply.  

a. Being a student. 

b. Occupation. 

c. Age. 

d. Gender. 

e. No outside factors influenced my estimate. 

f. Other: ________________________________________________________. 

Comments: 

Figure 12. Survey #1 
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The first question in Survey #2 was planned to determine the strategies the eighth 

grade students may have used when answering the Assessment #2 problems. The very 

last question was intended to discover any influences that may have been a factor in their 

measurements. Questions #2 and #3 were chosen to explore difficulties the students may 

have faced when having to use the protractor. 

 

 

 

 

Follow-up Survey Questions (Survey #2):  

1. What strategies did you use to find the angle measure using a protractor? 

a. Familiar with angles measured in degrees. 

b. Familiar with using the protractor. 

c. Estimated the given angle prior to using the protractor. 

d. Used other common angle measures (i.e. 30 , 45 , etc.) as a reference. 

e. No Strategy was used. 

f. Other: 

________________________________________________________. 

Comments: 

 

2. What angle did you find the most difficult to measure (provide question 

number(s))? Why? 

 

3. What angle did you find the least difficult to measure (provide question 

number(s))? Why? 

 

4. Do you feel any outside factors influenced your estimate? Circle all that apply.  

a. Being a student. 

b. Occupation. 

c. Age. 

d. Gender. 

e. No outside factors influenced my estimate. 

f. Other: 

________________________________________________________. 

Comments: 

Figure 13. Survey #2 
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Data Collection  

The data for the first part of the experiment were collected and scored. Scoring on 

each assessment was computed by 

taking the absolute value of the 

difference between the student’s 

value and the actual value of the angle 

in degrees. The scores for each 

problem on Assessment #1 and 

Assessment #2 were recorded. In order to 

compare the scores, each angle from Assessment #1 was matched to its corresponding 

angle on Assessment #2. Corresponding angle problems are compared in Figure 14. 

Aside from calculating the scores for each problem, a determination on whether 

the student’s estimate was under or over the angle’s actual measurement was made and 

recorded. This data were used for further analysis.  

 Data were also collected from Survey #1 and Survey #2. Demographic 

information was generated from the first two questions on Survey #1. The remaining 

questions on Survey #1 and all questions from Survey #2 were used to establish popular 

strategies, influences, or difficulties the eighth grade students encountered. Questions on 

the surveys were in the form of multiple choice with the option of selecting multiple 

answers to fully satisfy the question. There was also space on the surveys for students to 

provide additional comments. Tallies from each response on the surveys were compiled 

for each question and then used for analysis. 

Assessment #1 Problem & Assessment #2 Problem 

 

Problem #1 & Problem #6 

Problem #2 & Problem #3 

Problem #3 & Problem #4 

Problem #4 & Problem #1 

Problem #5 & Problem #2 

Problem #6 & Problem #5 

Problem #7 & Problem #7 

Problem #8 & Problem #8 

 

    Figure 14. Problem Correspondence 
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The data gathered for the second part of the experiment were from both age 

groups. Assessment #1 scores were used to verify the hypothesis that neither age nor 

gender would have an influence on a student’s estimate as well as to provide insight into 

the questions students had the most difficulties with. Scores were calculated by taking the 

absolute value of the difference between the student’s estimate and the angle’s actual 

measurement in degrees. Since scoring was already computed on the eight graders’ 

assessments, scoring was only necessary for university students’ assessments. A note was 

also made on whether the student’s estimate was over or under the actual angle’s 

measurement. The university students’ Survey #2 data were also tallied in a similar 

fashion as the eighth grade students’ surveys. Information from the surveys were 

compiled and used for analysis. 

Methods of Data Analysis 

 The first part of the study was mainly quantitative in nature since it compared 

assessment scores. The scores for Assessment #1 and Assessment #2 were entered into 

the statistical software Minitab. An analysis of variance test (ANOVA) was applied to the 

data collected to answer the proposed hypothesis. Means were calculated and represented 

the average number of degrees the students’ differed from the angles’ actual 

measurements. Other conclusions were obtained through various charts and graphs. 

 The second part of the study was also quantitative. For evaluating purposes, the 

participant’s number, gender, grade level, and scores were entered into Minitab. The data 

warranted the use of an analysis of variance test (ANOVA) to answer the hypotheses. 

Means were calculated and represented the average number of degrees the students’ 
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differed from the angles’ actual measurements. Results were compiled in both tabular and 

graphical forms, which allowed for many other comparisons.   

Results 

 

 This study was originally designed with the intention to discover eighth grade 

students’ proficiency with angular measurement tools. The hypothesis suggested that 

students lack the necessary skills to measure an angle with a protractor. This suspicion is 

confirmed and along with this result came many other fascinating outcomes.  

Results (Eye vs. Protractor) 

According to the data analysis, the following results were concluded after comparing 

the eighth grade students’ assessment scores: 

Result 1: The eighth grade students gave a measurement that was more accurate to the 

angle’s actual value using their visual estimation rather than having used the 

protractor. Visual Estimation: (  ̅         vs. Protractor:  ̅       ). 

After completing a transformation, a technique often used by statisticians to better 

meet assumptions, the data underwent an analysis of variance that determined 

significance at the 0.05- alpha level. It was concluded that the instrument, whether it be 

eye or protractor, is in fact significant with a  -value         Since the  -value is below 

the 0.05 level we determine that we can accept our hypothesis that students in eighth 

grade more accurately determined the degree measure of an angle using estimation as 

opposed to using the protractor.  

Then using descriptive statistics, it was determined that the total mean score when 

students used a protractor ( ̅       ) was greater than the total mean score without the 

use of a protractor ( ̅       ). To recall, the score is based on the number of degrees the 
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students differed from the angle’s actual measurement per question. This further 

illustrates our findings since a lower score is more desirable. Figure 15 is a visual 

comparison of the students’ assessment scores. Interestingly, although Assessment #1’s 

total mean score was better than that of Assessment #2, Figure 15 suggests that overall 

the protractor does return a more exact 

degree measure when used correctly.  

The mean scores for each individual 

problem were also recorded for both 

Assessment #1 and Assessment #2. 

Students’ mean scores for each problem 

were entered in the following Figures 16 

and 17.  

Problem 

(Assessment #1) 

Angle’s Actual 

Measurement 

Mean Score 

(difference from 

actual 

measurement) 

1 47  11.42  
2 127  16.45  
3 95  3.806  
4 171  4.484  
5 6  11.26  
6 62  11.06  
7 173  16.26  
8 25  7.710  

 

 

 

 

Figure 15. Dotplot of Score 

Figure 16. Assessment #1 Scores 
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Problem 

(Assessment #2) 

Angle’s Actual 

Measurement 

Mean Score 

(difference from 

actual 

measurement) 

1 171  13.74  
2 6  7.42  
3 127  31.26  
4 95  4.290  
5 62  16.55  
6 47  6.81  
7 115  12.10  
8 55  11.23  

 

 

When making contrasts between the individual problems on Assessment #1 and 

Assessment #2, it is important to note that Problems #1-6 on the assessments were angles 

of the exact same measurement, but rearranged in a different order. Therefore, the angle’s 

actual measurement was used to make the comparison and not the problem number. The 

95 degree angle was found to give students the least difficulty on both assessments.  

It is also important to note that Problems #7-8 on both assessments had students 

draw angles. When making associations, the figures suggest that students were more 

accurate in visually drawing an acute angle versus having used the protractor. Contrary to 

that result, when analyzing the obtuse angles the students were required to draw, it was 

found that the protractor provided a better angle than having just used visual techniques. 

Results (Grade 8 vs. University) 

According to the data analysis, the following results were concluded when comparing 

the visual estimation skills of the eighth grade students to the estimation skills of the 

university students: 

Figure 17. Assessment #2 Scores 
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Result 2: Both age and gender is found to have statistical significance in the visual 

estimation of angles. Eighth grade students: ( ̅       ) vs. University students: 

( ̅       ). Females: ( ̅       ) vs. Males: ( ̅       ). 

Result 3: Significance was found between the students’ score and the question; 

implying that estimation may be dependent on the specific task. 

 After completing the same transformation used previously, the eighth grade 

students’ Assessment #1 data as well 

as the additional university students’ 

assessment data underwent an analysis 

of variance that determined 

significance at the 0.05-level. Multiple 

results proved to have statistical 

significance. First, it was found that 

both age and gender have statistical 

significance in the visual estimation of angles. 

When considering just age as a factor in the visual estimation of angles, it was concluded, 

with a  -value of 0.0000, that university students were better estimators.  This may be 

due to the fact that the older students were more exposed to or had more experience with 

angular measurement. Then using descriptive statistics, it was determined that the mean 

score with eighth grade students ( ̅       ) was greater than the mean score of 

university students ( ̅       ). The mean scores suggest the university students were 

approximately    closer the angle’s actual value which further illustrates the results that 

Figure 18. Dotplot of Score 
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age is a factor in estimation. Averages of the scores comparing eighth grade students to 

the university students in Math 108 are illustrated in Figure 18.  

Since it was subsequently hypothesized that neither age nor gender would have an 

influence on a student’s estimate, results by gender were also carefully examined. With a 

 -value of 0.011, it was suggested that males were better at estimating angles.  According 

to the descriptive statistics, the females had a mean score ( ̅       ) that was greater 

than the mean score of the males ( ̅  

     ). This proved to be very little 

difference. In conclusion, although there 

may be statistical significance there is no 

practical significance. Classroom 

instruction should not differ based on 

gender. Figure 19 illustrates the scores 

comparing males to females.  

Lastly, statistical significance with a  -value of 0.0000 was found between the 

students’ score and the 

question asked; implying that 

estimation may be dependent 

on the specific task. Then 

using descriptive statistics, 

means were calculated for 

each question. The following 

Figure 20 contains the mean scores. 

Problem 

(Assessment #1) 

Angle’s Actual 

Measurement 

Mean Score 

(difference from 

actual 

measurement) 

1 47  7.82  
2 127  15.24  
3 95  2.944  

4 171  4.746  
5 6  8.24  
6 62  10.246  
7 173  13.72  
8 25  7.254  

Figure 19. Dotplot of Score 

Figure 20. Scores for Assessment #1 
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  Answering the hypothesis, that suggested students, regardless of their age or 

gender, would have the most difficulty estimating acute angles within 10° of 0° and 

obtuse angles within 10° of 180°, proved to be rather difficult. However, overwhelming 

evidence suggests that the least difficult angle to estimate was the angle closest to 90 

degrees. Possible reasoning for this result may be due to the fact that a 90 degree angle is 

a popular angle to use as a reference. This was seen throughout Assessment #1. Student 

work samples are included in Figure 21-22. 

 

 

 

 

 

 

Other Results 

 The idea of overestimation versus underestimation was also considered in the 

results. Interestingly, there was no conclusion on whether a certain age or gender tended 

to over- or under-estimate. Findings are illustrated in the following Figures 23-25.  

Grade Level University8

100

80

60

40

20

0

P
e

rc
e

n
t

1

0

-1

over/under

Chart of  Over/Under Estimation By Grade Level

Percent within levels of grade level.  

Figure 23. Chart of Over/Under Estimation by Grade Level 

Figure 21. Student Work Sample Figure 22. Student Work Sample 
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In each figure, red indicates over-estimation, green indicates under-estimation, 

and yellow signifies an accurate measurement. In conclusion, although no concrete 

assumptions were made on age or gender, Figure 25 provides more justification that the 

least difficult angle to estimate was the     angle in Problem #3.  

Survey Results  

 The surveys provided qualitative results data for analysis. Survey #1 was analyzed 

first. Both eighth grade students and university participants filled out the survey. Each 

Figure 24. Chart of Over/Under Estimation by Gender  

Figure 25. Chart of Over/Under Estimation by Problem  



BRYDGES 38 
 

 

0

10

20

30

40

Tally for Grade
8

Tally for
University

a

b

c

d

e

f

response was tallied and recorded. The tallied responses followed by generalized 

comments are further illustrated below. 

Question #3: What strategies did you use to estimate the size of the angle? Circle all 

that apply. 

 

a. Familiar with angles measured in degrees. 

b. Used given materials as a reference. 

c. Compared given angle with your perception of a right angle (90 ). 
d. Compared given angle with your perception of a straight line (180 ). 
e. Used other common angle measures (ie. 30 , 45 , etc.) as a reference. 

f. No Strategy was used. 

g. Other: 

 

 

The most common answer was (c) comparing a given angle with the student’s perception 

of a right angle. The responses are categorized in Figure 26 and Figure 27. Figure 26 

shows the number of responses that were counted and tallied for both eighth grade 

students and university students. Figure 27 shows the total of the responses as a 

percentage. It is worth to note that the students who chose response (g) commented that 

they used reference angles such as 45  90 , and 180 . Their responses could be 

considered (c), (d), or (e).  

 

 

The next question analyzed was Question #4. It reads as follows: 

 

Question #4: What angle(s) did you find the most difficult to estimate (provide 

question number(s))? Why? 

17% 

6% 

32% 25% 

17% 

2% 
1% 

Question #3 
Responses 

a

b

c

d

e

Figure 26. Number of Student Responses Figure 27. Percentage of Student Responses 
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Figure 28 indicates all possible problems to choose from. 

 

 

 

 

 

 

 

Some generalized comments from the eighth grade students were that they felt 

that either the small or acute angles were difficult to estimate. Other students felt that the 

large or obtuse angles were difficult to estimate. Some students stated that the positioning 

of the angle made it difficult to estimate. Some generalized comments from the university 

students were that the extremely small or large angles were difficult to estimate or that 

they did not have a close enough reference angle to give an exact estimate. University 

students also felt the positioning of the angle made it difficult to estimate. Figure 29 and 

30 illustrate the results. 

 

 

 

Problem 

(Assessment #1) 

Angle’s Actual 

Measurement 

1 47  
2 127  
3 95  
4 171  
5 6  
6 62  
7 173  
8 25  
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Figure 29. Number of Student Responses 

  

Figure 30. Percentage of Student Responses  

Figure 28. Assessment #1 Problems 
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The next survey question analyzed was Question #5. It reads as follows: 

 

Question #5: What angle(s) did you find the least difficult to estimate (provide 

question number(s))? Why?  
 

Figure 31 indicates all possible problems to choose from. 

 

 

 

 

 

 

 

 

Question #5 was very similar to Question #4, except the question asks for the 

students to name the least difficult angle to estimate. An overwhelming amount of 

students chose Question #3. Question #3 was the 95  angle. Students commented that 

they selected this question as the least difficult to estimate because it was similar to the 

commonly referred to 90  angle. Figure 32 and Figure 33 illustrate the students’ 

responses. 

Problem 

(Assessment #1) 

Angle’s Actual 

Measurement 

1 47  
2 127  

3 95  
4 171  
5 6  
6 62  
7 173  
8 25  
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The last question on the survey collected evidence on any factors that may have 

contributed to an estimate. It reads as follows: 

Question #6: Do you feel any outside factors influenced your estimate? Circle all 

that apply.  

 

a. Being a student. 

b. Occupation. 

c. Age. 

d. Gender. 

e. No outside factors influenced my estimate. 

f. Other: 

 

 

Some generalized comments from eighth grade students that chose response (f) 

were that they felt anxious or felt their knowledge of angles assisted in their estimate. The 

university students who had selected (f) as their response felt their high school 

mathematics helped determining an angle’s measurement.  

Overall the majority of students felt the fact that they were a student played a 

huge role in estimating angles. Very few students felt certain occupations were a factor in 

their estimation. A hair stylist was specifically listed as an occupation that may have 

influenced their estimates. Figure 34 and 35 illustrate the responses. 

 

 

 
Figure 34. Number of Student Responses 

  

Figure 35. Percentage of Student Responses 
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Survey #2 also provided qualitative results data for analysis. This survey was only 

completed by the eighth grade participants about their experiences when using the 

protractor. Each response was tallied and recorded. The tallied responses followed by 

generalized comments are shown below. 

Question #1: What strategies did you use to find the angle measure using a 

protractor? 

 

a. Familiar with angles measured in degrees. 

b. Familiar with using the protractor. 

c. Estimated the given angle prior to using the protractor. 

d. Used other common angle measures (i.e. 30 , 45 , etc.) as a reference. 

e. No Strategy was used. 

f. Other: 

 

The eighth grade students who selected (f) as their response decided to extend the angle’s 

rays to reach the markings on the protractor. Those students felt it was a good strategy 

that was not listed as an option. Figure 36 further displays the students’ responses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question #2: What angle did you find the most difficult to measure (provide 

question number(s))? Why? 

 

Figure 37 indicates all possible problems to choose from. 

 

 

 

Figure 36. Percentage of Student Responses 
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 Some generalized comments from the eighth grade students’ responses to “why” 

were that the angle was hard to draw, or remembering how to use protractor became an 

issue. Figure 38 displays the students’ responses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question #3: What angle did you find the least difficult to measure (provide 

question number(s))? Why? 

 

Figure 39 indicates all possible problems to choose from. 

 

 

 

Problem 

(Assessment #2) 

Angle’s Actual 

Measurement 

1 171  
2 6  
3 127  
4 95  
5 62  
6 47  
7 115  
8 55  

Figure 38. Percentage of Student Responses 
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A typical comment from the eighth grade students’ responses to “why” were that 

using a protractor was rather easy. Others felt the task was easy in general. Figure 40 

displays the students’ responses.  

 
 

 

 

Question #4: Do you feel any outside factors influenced your estimate? Circle all 

that apply.  

 

g. Being a student. 

h. Occupation. 

i. Age. 

j. Gender. 

k. No outside factors influenced my estimate. 

l. Other: 
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The majority of students selected either response (g) or (k). The students felt that 

being a student had a huge effect on their influence. This indicates that the student have 

regularly worked with angular measurement in schools.  Figure 41 displays the students’ 

responses.  

 
 

 

Implications for Teaching 

The main hypothesis for this study was that students in eighth grade would more 

accurately determine the degree measure of any given angle using estimation as opposed 

to using a protractor; suggesting students are lacking in sufficient knowledge on the 

proper use of the angle-measuring tool. This proved to be true. Therefore, the following 

implications for teaching were made: 

Implication 1: Encourage students to use estimation when determining a measurement 

prior to using a measurement tool. 

Estimation involves an educated guess about a quantity or a measure, or an 

intelligent prediction of the outcome of a computation. It is a great way for students to 

predict and assess the appropriateness of a mathematical answer. This study examined 
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Figure 41. Percentage of Student Responses  
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students specifically on their visual estimation skills. The first part of this study had 

eighth grade students measure angles both with and without a protractor. Results 

indicated that eighth grade students were better at estimating an angle’s measurement 

visually than having found the measurement with the protractor. This raises a concern. 

Ideally, when using the protractor students should have had an idea of the approximate 

size of the angle; then, use this information to confirm the result they obtained with the 

protractor. However, student did not do so. Therefore as teachers, we need to encourage 

students to use their estimation skills when determining a measurement prior to using a 

measurement tool. This would help our students determine the correct answer from a set 

of possible answers, and hopefully guarantee success.  

Estimation in general allows teachers to gain access into the minds of their 

students. If a student can provide an accurate estimate, then it would be believable to 

assume the student is aware of the mathematics behind the problem. This is because 

estimation is not a guess; it is an educated guess. Therefore, a student must have a deep 

conceptual understanding of the question in order to give a precise estimate. Then, a 

teacher can assess the students’ knowledge just by evaluating the students’ responses. 

Implication 2: Acknowledge and require the use of mathematical measurement tools in 

the mathematics classroom. 

Measurement is important in the mathematics curriculum because of its 

practicality and pervasiveness in so many aspects of everyday life. As students measure 

in different contexts, they develop understanding of important ideas about measurement 

as well as mathematical concepts from other strands of the curriculum, especially 

counting and geometry. This study actively investigated students’ proficiency with the 
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angular measurement in the context of using angular measurement tools. Results 

indicated students were not successful in using the protractor. Considering the practicality 

of measurement, this is an issue. Therefore, as teachers we need to address this finding 

and expose our students to more problems that require the use of not only angular 

measurement tools, but all measurement tools. 

Suggestions for Further Research 

This study has students working with protractors and most teachers are aware how 

protractors are constructed. They are a semicircular transparent plastic tool designed to 

measure angles that open from either the left or right. Thus, there are two sets of 

markings given on a protractor, one is starting from 0 on the right hand side and one is 

starting from 0 on the left hand side. Due to this design, some teachers express the 

concern that students fail to select the appropriate marking. Since this study only 

evaluates the students’ performance with the protractor and not necessarily examines the 

underlying issues the students face when using these tools, it is worth further 

investigation. It would be instrumental to further research the common misconceptions 

students have when using the protractor. Do they read it incorrectly? Are students 

correctly lining up the vertex of the angle with the point at the center of the baseline on 

the protractor? Or are there other misconceptions? 

Another area of research I suggest would be to expand the study to include the use 

of other measurement tools. Are students’ proficient with using a ruler, compass, 

calculator, etc.? These tools are often seen in the workforce and have both significant and 

practical value. Therefore, it is highly recommended to further explore students’ 

understandings of such tools. 
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Concluding Remarks 

 Estimation is a life skill. Measurement is a life skill. Together they are a dynamic 

duo. Teaching students how to use estimation in mathematics can significantly improve 

their mathematical competence, confidence, and increase the overall impact, of 

mathematics instruction. Estimation also provides a means for assessing the 

reasonableness of the student’s answer as well as their understanding of mathematical 

concepts. If a student is unable to make an appropriate estimate, then they probably do 

not understand the concept and may need further instruction.  

Measurement and the proper use of measurement tools are equally as important as 

estimation in mathematics. As seen from this study, students lacked in their ability to 

correctly use angular measurement tools. The encouragement of estimation would have 

been a key factor in preventing such an outcome. To conclude this study, it should be 

noted that both measurement and estimation are life skills that will carry well into the 

students’ adult life. Therefore, as educators we need to strengthen and reinforce these 

skills daily to ensure a successful future for our students.  
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Appendix A 
 

To:  The Students in Math 8 and their Legal Parents/Guardians 

From:  Courtney Brydges 

Date:  February 26, 2013 

RE:  Consent Form 

 

 Purpose, Procedures, and Benefits 
 

 Purpose: This research project will assess students’ skills in the visual estimation of angles. 

 

 Procedures: Students will be given two assessments. Each assessment will be followed by a brief survey. The first 

assessment will ask students to visually estimate the angle and the second assessment will ask students to use a protractor 

and measure the angle.  

 

 Benefits: Through this study, I hope to determine how proficient students are in using the protractor. Subsequently, I want to 

determine any strategies or influences the students may have used on either assessment.  This is an important study because 

it will help me and other teachers design better lessons so that students are more likely to use estimation to assist in attaining 

an accurate angle measurement. 

 

 

Related Information 
 

 You have been asked to be in this study because you are a student at Maple Grove Jr.-Sr. High School in Grade 8.  

 

 To maintain confidentiality, neither your student’s name nor yours will be used in any way, shape or form.  Any name or 

identification will not be used with any materials related to this study. 

 

 Participation in this study is voluntary; you are free to withdraw from the study at any time with no associated penalty. The 

study will have no effect on the student’s grade. 

 

 Data will be collected from the graded assessments, the completed surveys, and qualitative observations made during the 

study.  

 

 No risks are anticipated to the students.  This study deals with routine teaching practices.  There is no threat of medical or 

professional intervention while participating in this study.  The safety of the students will be maintained per common school 

district practice, and is not likely to be impacted by the study.   

 

 Potential benefit to you will be to receive more effective teaching strategies. 

 

 There is no cost to you for participating in this research study.   

 

 If you need any additional information, please feel free to contact me by email at: brydges@fredonia.edu  

 

 You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by phone at 716-673-3873; or by email at 

keary.howard@fredonia.edu  

 

 You may also contact the Human Subjects Protection Administrator, Maggie Bryan-Peterson, at SUNY Fredonia if you have 

any other questions about the study at: 716-673-3528 
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Parental Consent Form 

 

SUNY Fredonia 

 

My name is Courtney Brydges and I am currently a graduate student at SUNY Fredonia studying Mathematics Education. I am 

performing a study on students’ visual estimation skills as part of my Master’s program at SUNY Fredonia and your child’s 

participation in this important study is greatly appreciated. Participation from your child involves taking two brief in-class 

assessments followed by two short surveys. Each assessment will require a total of ten minutes from the participant’s 

mathematics class time. Please print and sign your name below to indicate your agreement to participate in this study.  Feel 

free to retain a copy of this letter for your files.  Thank you for your full consideration regarding this request.  Once again, 

please be advised that your consent authorizes the use of your student’s grades for the data required in this study.  All students 

are required to participate in class.  

 

If you have any questions about this study or need any additional information, please feel free to contact me by phone/email at: 

716-673-3246 or brydges@fredonia.edu. You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by 

phone at 716-673-3873; or by email at keary.howard@fredonia.edu. You may also contact the Human Subjects Protection 

Administrator, Maggie Bryan-Peterson, at SUNY Fredonia if you have any other questions about the study at: 716-673-3528. 

 

Voluntary Consent: I have read this memo and have been fully apprised of this study and all that is entails. My signature 

indicates that I agree to allow my son/daughter to participate in this study. If I withdraw my son/daughter from this study, I 

understand that there will be no penalty assessed to him/her. I understand that my son’s/daughter’s confidentiality will be 

maintained.  

 

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

 

 

Student Name (please print): _____________________________________________________ 

 

 

Parent/Guardian Name (please print):  ______________________________________________ 

 

 

Parent/Guardian Signature: _______________________________________________________ 

 

        Date:  ________________________ 
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Student Consent Form 

 

SUNY Fredonia 

 

My name is Courtney Brydges and I am currently a graduate student at SUNY Fredonia studying Mathematics Education. I am 

performing a study on students’ visual estimation skills as part of my Master’s program at SUNY Fredonia and your 

participation in this important study is greatly appreciated. Participation involves taking two brief in-class assessments 

followed by two short surveys. Each assessment will require a total of ten minutes from your mathematics class time.  Please 

print and sign your name in the space provided below to show that you agree to participate.  Remember that signing the form 

allows Ms. Brydges to use your data for the research project.  

 

If you have any questions about this study or need any additional information, please feel free to contact me by phone/email at: 

716-673-3246 or brydges@fredonia.edu. You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by 

phone at 716-673-3873; or by email at keary.howard@fredonia.edu. You may also contact the Human Subjects Protection 

Administrator, Maggie Bryan-Peterson, at SUNY Fredonia if you have any other questions about the study at: 716-673-3528. 

 

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 to withdraw from this study at any time, also 

without penalty. I understand that my name and other personal information will be kept out of this study. I understand that if I 

have any questions about this study, I can ask Ms. Brydges, Ms. Bartkowski, Dr. Keary Howard, or Maggie Bryan-Peterson. 

 

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

 

 

Student Name (please print):  ___________________________________________________ 

 

 

Student Signature:  ___________________________________________________________ 

 

         

Date:  _____________________ 
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Appendix B 
 

To:  The Students in Prize Winning Mathematics (MATH 108) 

From:  Courtney Brydges 

Date:  February 25, 2013 

RE:  Consent Form 

 

 Purpose, Procedures, and Benefits 
 

 Purpose: This research project will assess students’ skills in the visual estimation of angles. 

 

 Procedures: Students will be given an assessment. The assessment will be followed by a brief survey. The assessment will 

ask students to visually estimate the angle. 

 

 Benefits: Through this study, I want to determine any strategies or influences the students may have used when estimating.  

This is an important study because it will help me and other teachers design better lessons so that students are more likely to 

use estimation to assist in attaining an accurate angle measurement. 

 

 

Related Information 
 

 You have been asked to be in this study because you are a student enrolled at SUNY Fredonia.  

 

 To maintain confidentiality, neither your student’s name nor yours will be used in any way, shape or form.  Any name or 

identification will not be used with any materials related to this study. 

 

 Participation in this study is voluntary; you are free to withdraw from the study at any time with no associated penalty. The 

study will have no effect on the student’s grade. 

 

 Data will be collected from the graded assessment, the completed survey, and qualitative observations made during the 

study.  

 

 No risks are anticipated to the students.  This study deals with routine teaching practices.  There is no threat of medical or 

professional intervention while participating in this study.  The safety of the students will be maintained per common school 

district practice, and is not likely to be impacted by the study.   

 

 Potential benefit to you will be to receive more effective teaching strategies. 

 

 There is no cost to you for participating in this research study.   

 

 If you need any additional information, please feel free to contact me by email at: brydges@fredonia.edu  

 

 You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by phone at 716-673-3873; or by email at 

keary.howard@fredonia.edu  

 

 You may also contact the Human Subjects Protection Administrator, Maggie Bryan-Peterson, at SUNY Fredonia if you have 

any other questions about the study at: 716-673-3528 

 

 

 

 

 

 

 

 

 



BRYDGES 55 
 

 

Student Consent Form 

 

SUNY Fredonia 

 

My name is Courtney Brydges and I am currently a graduate student at SUNY Fredonia studying Mathematics Education. I am 

performing a study on students’ visual estimation skills as part of my Master’s program at SUNY Fredonia and your 

participation in this important study is greatly appreciated. Participation involves taking a brief in-class assessment followed by 

a survey. The assessment will require a total of ten minutes from your mathematics class time. Please print and sign your name 

in the space provided below to show that you agree to participate.  Remember that signing the form allows Ms. Brydges to use 

your data for the research project.  All students must participate in class whether they sign this form or not.  

 

If you have any questions about this study or need any additional information, please feel free to contact me by phone/email at: 

716-673-3246 or brydges@fredonia.edu. You may also contact my college advisor, Dr. Keary Howard at SUNY Fredonia by 

phone at 716-673-3873; or by email at keary.howard@fredonia.edu. You may also contact the Human Subjects Protection 

Administrator, Maggie Bryan-Peterson, at SUNY Fredonia if you have any other questions about the study at: 716-673-3528. 

 

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 to withdraw from this study at any time, also 

without penalty. I understand that my name and other personal information will be kept out of this study. I understand that if I 

have any questions about this study, I can ask Ms. Brydges, Dr. Keary Howard, or Maggie Bryan-Peterson.  

 

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

 

 

Student Name (please print):  ___________________________________________________ 

 

 

Student Signature:  ___________________________________________________________ 

 

 

        Date:  ______________________ 
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Directions: Complete the following questions. 

 

2. What is your gender? 

 

a. Male 

b. Female 

 

3. What best describes your ethnicity. Circle all that apply. 

 

a. Caucasian/ White Non-Hispanic 

b. African American 

c. Asian 

d. Hispanic 

e. Native American 

f. Other: 

__________________________________________________________. 

 

4. What strategies did you use to estimate the size of the angle? Circle all that apply. 

 

a. Familiar with angles measured in degrees. 

b. Used given materials as a reference. 

c. Compared given angle with your perception of a right angle (90 ). 
d. Compared given angle with your perception of a straight line (180 ). 
e. Used other common angle measures (ie. 30 , 45 , etc.) as a reference. 

f. No Strategy was used. 

g. Other: 

___________________________________________________________. 

 

Comments: 

 

 

5. What angle(s) did you find the most difficult to estimate (provide question 

number(s))? Why? 

 

 

 

 

 

6. What angle(s) did you find the least difficult to estimate (provide question 

number(s))? Why?  
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7. Do you feel any outside factors influenced your estimate? Circle all that apply.  

 

g. Being a student. 

h. Occupation.  

i. Age. 

j. Gender. 

k. No outside factors influenced my estimate. 

l. Other: 

_____________________________________________________________. 

 

Comments: 
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Directions: Complete the following questions. 

 

1. What strategies did you use to find the angle measure using a protractor? 

 

a. Familiar with angles measured in degrees. 

b. Familiar with using the protractor. 

c. Estimated the given angle prior to using the protractor. 

d. Used other common angle measures (i.e. 30 , 45 , etc.) as a reference. 

e. No Strategy was used. 

f. Other: 

___________________________________________________________. 

 

Comments: 

 

 

2. What angle did you find the most difficult to measure (provide question 

number(s))? Why? 

 

 

 

 

 

3. What angle did you find the least difficult to measure (provide question 

number(s))? Why? 

 

 

 

 

 

4. Do you feel any outside factors influenced your estimate? Circle all that apply.  

 

m. Being a student. 

n. Occupation. 

o. Age. 

p. Gender. 

q. No outside factors influenced my estimate. 

r. Other: 

_____________________________________________________________. 

 

Comments: 
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