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ABSTRACT 

This study explored the mathematical problem-solving styles of middle school and 

high school deaf and hard-of-hearing students and the mathematical problem-solving styles 

of the mathematics teachers of middle school and high school deaf and hard-of-hearing 

students. The research involved 45 deaf and hard-of-hearing students and 19 teachers from a 

Midwestern state residential school for the deaf and hard-of-hearing and from the public 

school district which surrounds the residential school. 

This research utilized the framework of mathematical problem-solving styles, based 

on the work of Dr. Steve Chinn and others. Mathematical problem-solving styles are related 

to the types of strategies used when approaching mathematical tasks. On one end of the 

spectrum there are strategies which approach mathematics in a formulaic way, using step-by

step approaches to solving mathematical problems. On the other end of the spectrum there 

are strategies which approach mathematics from a holistic perspective, making use of 

patterns and relationships. 

The results showed that, in general, the students demonstrated a strong tendency 

toward the use of formulaic step-by-step approaches in solving mathematical problems, while 
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the teachers tended to use both step-by-step approaches and holistic approaches involving 

mathematical patterns and relationships. 

No significant difference in mathematical problem-solving style was found between 

deaf and hard-of-hearing students in residential educational settings and deaf and hard-of

hearing students in mainstream educational settings, or between teachers in residential 

settings and teachers in mainstream settings. A very weak linear relationship, however, was 

identified linking students who had spent a larger proportion of their education in residential 

settings for the deaf and hard-of-hearing with a greater tendency for step-by-step formulaic 

approaches. Among the teachers, a weak linear relationship was identified that linked more 

years of teaching experience with a greater tendency toward holistic approaches. It was also 

found that mathematics teachers utilized more holistic approaches while special education 

resource teachers (who taught mathematics to deaf and hard-of-hearing students) used more 

step-by-step approaches. It was further discovered that teachers who had completed at least 

one course at the calculus level utilized more holistic approaches involving patterns and 

mathematical relationships than teachers who had completed only mathematics courses 

below calculus. 
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CHAPTER 1 

INTRODUCTION 

The concern of this study is the mathematics education of deaf and hard-of-hearing 

students. The study was designed to gather descriptive data concerning the mathematical 

problem-solving styles of deaf and hard-of-hearing students and the teachers of deaf and 

hard-of-hearing students in both residential and public school settings. 

Significance of the Study 

Many students have trouble with mathematics, and deaf and hard-of-hearing students 

are no exception. In fact, deaf and hard-of-hearing students consistently are found to lag 

behind their hearing peers in mathematics (Marschark & Hauser, 2008; Kelly & Mousley, 

2001). Deaf and hard-of-hearing students' lack of success in mathematics is often attributed 

to a lack of success in reading comprehension, since deaf and hard-of-hearing students have 

historically been found to have difficulties with reading comprehension (Traxler, 2000; 

Allen, 1986 & 1994). Recent studies, however, seem to be indicating that reading 

comprehension may not be the central cause of deaf and hard-of-hearing students' difficulties 

with mathematics (Kelly & Mousley, 2001; Marschark & Hauser, 2008). 

Marschark and Hauser (2008) suggest that the mathematics difficulties faced by deaf 

and hard-of-hearing students may actually be "more of a matter of a 'mismatch' of their skills 

with the nature of their instruction" (p. 11). These authors call for research that helps to 

"elucidate the cognitive underpinnings ofleaming among deaf and hard-of-hearing students" 

(p. vii). Ansell and Pagliaro (2006) also propose a need for research on the mathematical 
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problem-solving strategies used by deaf and hard-of-hearing students, l1in order to provide 

teachers with information as to how they can better align their mathematics instruction to 

match the thinking of the deaf childl1 (p. 167). 

This doctoral study seeks to add to the knowledge-base of the I1 cognitive 

underpinnings of learning among deaf and hard-of-hearing students 11 by investigating the 

mathematical problem-solving styles utilized by deaf and hard-of-hearing students and their 

teachers in the mathematics classroom. 

Mathematical Problem-Solving Styles 

To illustrate the way mathematical problem-solving styles are discussed in this 

doctoral study, consider two different approaches to solving the simple subtraction problem 

11430 minus 98. 11 Some people solve it by writing the 98 under the 430 (either in their 

heads or on paper) and subtracting by I1borrowingl1 or "regrouping," as in Figure 1.1. 

Figure 1.1 "430 minus 98" 
Using the Subtraction Algorithm 

~ 
-98 
332 

Other people make use of the proximity of 98 to 100, doing the work quickly in their heads, 

using a different version of I1regrouping," as in Figure 1.2. 
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Figure 1.2 "430 minus 98" 
Using an Alternative Method 

• Round 98 up (by 2) to 100. 
• Subtract 1 00 from 430. 
• Add the 2 back in again, for a total of332. 

These two approaches demonstrate the two ends of the spectrum of mathematical 

problem-solving styles (Krutetskii, 1976; Sharma, 1989; Marolda & Davidson, 2000; Chinn, 

2007). On one end of the spectrum, as demonstrated in Figure 1.1, there are strategies which 

approach mathematics in a formulaic way, using step-by-step approaches to solving 

mathematical problems. In school mathematics, students who primarily use this problem-

solving style often see categories of problems in terms of which procedure to use and find 

"cues" in the problem to decide which algorithm to "call up." Solving the problem "430 

minus 98" by doing the subtraction algorithm, placing one number under the other and 

"borrowing" or "regrouping," is a strategy from this side of the spectrum of problem-solving 

styles for mathematics. 

On the other end of the spectrum, as demonstrated in Figure 1.2, there are strategies 

which make use of patterns and relationships, approaching mathematics from a more holistic 

perspective. In school mathematics, students who primarily use this problem-solving style 

often find it hard to "show their work," because they can "just see" the answer. Seeing 98 as 

being two away from 100, and thus seeing the answer to "430 minus 98" as being two away 
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from "430 minus 100," is a strategy from this side of the spectrum of mathematical 

problem-solving styles. 

Over the years several researchers have described and named these styles (Krutetskii, 

1976; Sharma, 1989; Marolda & Davidson, 2000; Chinn, 2007). One of the most illustrative 

and colorful sets oflabels given to the two sides ofthe spectrum of problem-solving styles is 

that of the "Grasshopper" and "Inchworm" styles (Bath & Knox, 1984; Chinn 1992, 2001, & 

2004; Chinn & Ashcroft, 1998). Inchworm-style approaches involve formulas and 

memorized step-by-step procedures -- imagine an inchworm moving forward inch-by-inch 

toward its goal. Grasshopper-style approaches involve using patterns and "the big picture" to 

reach the answer -- imagine a grasshopper sitting in one place for a while, surveying the 

landscape, then taking a flying leap and landing at its destination. 

Each style's strategies have their value. Grasshopper strategies are often 

advantageous when doing mathematical calculations mentally, especially in speed drills and 

competitions, while Inchworm strategies are often advantageous in situations where students 

are expected to show their work, and where teachers want to see a specific sequence of steps 

carried out. The difficulty comes in that students and teachers with strong tendencies toward 0 

one end of the problem-solving styles spectrum often have difficulty understanding and 

appreciating explanations and strategies that come from the other side of the spectrum. 
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Purpose of the Study 

The goal of this doctoral study is to contribute to an increase in the success of deaf 

and hard-of-hearing students in mathematics. To that end, this study explores the nature of 

problem-solving styles for mathematics among deaf and hard-of-hearing students, and the 

nature of the problem-solving styles for mathematics fostered by the teachers of deaf and 

hard-of-hearing students. The intention is that this research will give mathematics educators 

a unique perspective that can be used to enhance mathematics education for students in both 

residential school settings and public school settings. 
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Definition of Terms 

For the purposes of this study the following definitions are used: 

Deaf or hard-of-hearing: 

A deaf or hard-of-hearing individual has a hearing impairment that is so severe that 

he/she is impaired in processing linguistic information through hearing, with or without 

amplification (following the definitions of the Individuals with Disabilities Education Act 

Section 300.8 part C). 

Mathematical Problem: 

Mathematical problems include everything from basic arithmetic exercises (for 

example 135 - 98), to mathematical puzzles and games (Sudoku puzzles or the Tower of 

Hanoi problem, for example), to novel mathematical situations encountered in the course of 

everyday life. 

Mathematical Problem-Solving Style: 

One's mathematical problem-solving style is the way one cognitively approaches 

solving mathematical problems, including the variety oftechniques and skills one uses in the 

process of solving different types of mathematical problems. * 1 

* 1 It must be noted that many educators encourage mathematics teachers to give their students "true problem
solving situations" where the students can work on solving novel problems for which the students do not already 
have a "learned" way of solving them. For the purpose of this study, however, "mathematical problem-solving" 
is more all-encompassing and includes solving any and all types of mathematical problems. 
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Research Questions 

1. Concerning the students: What is the nature of deaf and hard-of-hearing students' 

mathematical problem-solving style preference? 

a. In general, is there a predominant preference for using one problem-solving style 

over the other? 

b. Is there a difference in problem-solving style preferences between students in 

residential school settings and students in public school settings? 

c. Is there a relationship between students' problem-solving style preferences and 

their educational history? 

2. Concerning the teachers: What is the nature of the mathematical problem-solving style 

preference fostered by the teachers of deaf and hard-of-hearing students? 

a. In general, is there a predominance of fostering one problem-solving style over the 

other? 

b. Is there a difference between the problem-solving styles fostered by teachers in 

residential school settings and by teachers in public school settings? 

c. Is there a relationship between the preferences for problem-solving style that 

teachers foster and the teachers' educational backgrounds? 

3. Concerning the relationship between (1) and (2): Is there a difference between the 

mathematical problem-solving style preference of the deaf and hard-of-hearing students 

and the mathematical problem-solving style fostered by the teachers of deaf and hard-of

hearing students? 
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Assumptions of the Study 

In this study it was assumed by the writer that: 

1. The mathematical problem-solving styles of deaf and hard-of-hearing students and 

the teachers of deaf and hard-of-hearing students can be measured by the instrument used in 

this study: the Test a/Thinking Style in Mathematics (Chinn, 2002). 

2. A study limited to one Midwestern state residential school for the deaf, and the 

public school district in which the residential deaf school is located, would provide sufficient 

data for making follow-up recommendations. 

Limitations of the Study 

Those students and teachers who participated in this study are not necessarily 

representative of the overall populations of deaf and hard-of-hearing students and teachers of 

deaf and hard-of-hearing students. The data gathered at one Midwestern state residential 

school for the deaf, and the, public school district in which the residential deaf school is 

located, are not necessarily generalizeable to any other schools or districts. 

The information in this study concerning the problem-solving styles fostered by the 

teachers was based on self-reported data, and carries with it all of the limitations of self

reported data. Thus it mayor may not necessarily reflect actual classroom practice. 

8 



CHAPTER 2 

REVIEW OF LITERATURE 

This review of literature begins with an overview of the history of problem-solving 

styles for mathematics, followed by a review of studies· concerning the current state of 

knowledge about the "cognitive underpinnings of learning among deaf and hard-of-hearing 

students" (Marschark & Hauser, 2008, p. vii), and a description of the current state of 

mathematics instruction for deaf and hard-of-hearing students. 

Mathematical Problem-Solving Styles 

For many centuries mathematicians and mathematics educators have been noticing 

that problem-solving styles in mathematics tend to fall into two categories. As far back as 

1638, Rene Descartes described a contrast between people who use chains of logical 

deductions to solve problems and people who use intuition and immediately notice 

connections and relationships when solving problems (Rules for the Direction of the Mind, 

1638, cited in Krutetskii, 1976). More recently, mathematics educators and psychologists 

have described these two categories variously as "analytic" and "geometric" types of 

"mathematical casts of mind" (Krutetskii, 1976), "quantitative" and "qualitative" 

mathematics "learning personalities" (Sharma, 1989), "Mathematics Learning Style I" and 

"Mathematics Learning Style II" (Marolda & Davidson, 1994 & 2000), "Inchworm" and 

"Grasshopper" "thinking styles for mathematics" (Bath & Knox, 1984; Chinn,1992, 2001, 

2004,2007; Chinn & Ashcroft, 1998,2007), and "Mastery" and "Understanding" learning 

and teaching styles (Strong, Hanson, & Silver, 1980; Hanson, & Silver, 1998; Silver, et. aI., 
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1996,2007,2010,2011; Thomas, Brunsting, & Warrick, 2010). All of these researchers 

agree that, while people often have a preference toward one style or the other, students need 

to make use of elements of both styles in order to be successful in mathematics. Thus, good 

teaching requires a balance of approaches, demonstrating and fostering strategies from both 

problem-solving styles. 

Krutetskii: Analytic and Geometric Types of Mathematical Casts of Mind 

Krutetskii (1976) presented his "analytic" and "geometric" types as "different types of 

mathematical casts of mind ... related to the relative role of the verbal-logical and visual

pictorial components of a pupil's mental activity ... that provide in different ways for a 

successful performance of mathematical activity" (pp. 313-315). The analytic type ("an 

analytic or mathematically abstract cast of mind") is characterized by "an obvious 

predominance of a very well developed verbal-logical component over a weak visual

pictorial one" (p. 317). Krutetskii described that these students "operate easily with abstract 

schemes; they have no need for visual supports for visualizing objects or patterns in problem 

solving, even when the mathematical relations given in the problem 'suggest' visual 

concepts" (p. 317). The geometric type ("a geometric or mathematically pictorial cast of 

mind") is characterized by "a very well developed visual-pictorial component" which is 

predominant over the verbal-logical component (p. 321). Krutetskii described that these 

students "feel a need to interpret visually an expression of an abstract mathematical 

relationship and demonstrate great ingenuity in this regard .... They persist in trying to 
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operate with visual schemes, images, and concepts even when a problem is easily solved by 

reasoning and the use of visual devices is superfluous or difficult" (p. 321). 

Krutetskii also described a third type, called the harmonic type, which has "a relative 

equilibrium of well developed verbal-logical and visual-pictorial components" (p. 326). 

These students are "successful at implementing both an analytic and a pictorial-geometric 

approach to solving many problems" (p. 326). Krutetskii hypothesized that this flexibility in 

using the tools of both the analytic and geometric types might be the reason that "a 

significant majority of the capable pupils ... [belong] to this type" (p. 315). He noted, 

however, that the pupils in this category persist in showing individual tendencies toward "an 

inclination for mental operations" of either the analytic or geometric types (p. 327). 

Sharma: Quantitative and Qualitative Mathematics Learning Personalities 

Sharma (1989), built on Krutetskii's work, but he portrayed individual differences in 

the way people process mathematics information as their "place on the continuum of 

mathematics learning personalities" (p. 1). One end of the spectrum is the "quantitative 

mathematics learning personality." Students with mathematics learning personalities toward 

this end of the spectrum are "good in quantifying the given information in problems and then 

solving those problems by applying mostly sequential procedures, quantitative operations 

and approaches" (p. 1). These students have "specific solutions to specific problems rather 

than general rules to classes of problems" (p. 2). Sharma described that 

This type of student does better in elementary school, parts of algebra, and 

that part of geometry where we rely heavily on the procedural and axiomatic 
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type of approach to teaching/learning. But [this student has] difficulty in 

connecting concepts and problem situations where there may be more than 

one way of solving a problem. 

When teachers introduce multiple alternative methods of solving a particular type of 

problem, students in this category respond, "Do not confuse me by giving me several 

methods, just give me the easiest and the best method" (p. 2). 

Students toward the other end of the spectrum were described by Sharma as 

possessing a "qualitative mathematics learning personality." These students process 

mathematics information "preferably visually, from whole to parts, ... [using] intuitive 

approaches to solving problems." They use "spatial and perceptual cues to generate 

information about the problem ... [and look] for general patterns in the given information in 

a problem" (p. 2). Sharma described that 

This student learns arithmetic, algebra and geometry by seeing 

interrelationships between concepts and procedures. But this student faces 

difficulty in following sequential procedures (algorithms) and makes mistakes 

in the details of the procedures ... Many times he does not show his work, 

finds shortcuts by eliminating steps, [and] derives several steps "in his head." 

Students with this mathematics personality often find practice of algorithms to be "boring 

and tedious" and lose interest in long, drawn-out, procedures (p. 2). 

Sharma described that students' mathematics learning personalities are on a 

continuum between the two extremes described above. Most students use "combinations of 

these approaches, having characteristics of one dominant learning style with some evidence 
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of the other" (p. 2). Sharma stressed that students represent "the whole range of 

mathematics learning personalities ... .It is, therefore, important to teach mathematics 

concepts by including a range of materials and strategies as much as possible and aspire to 

create a rich learning environment" (p. 7). Sharma also mentioned that "to be a very good 

problem solver, one needs to see both aspects ofthe problem" (p. 2). That is, one needs to 

utilize aspects of both styles in mathematics learning and teaching. 

Marolda and Davidson: Mathematics Learning Styles I and II 

Marolda and Davidson (1994 & 2000) identified their "Mathematics Learning 

Style I" and "Mathematics Learning Style II" as "two distinct learning styles in mathematics 

that are highly correlated with hemispheric considerations" *2 (1994, p. 86). Style I students 

"process situations in a linear fashion, building forward to an exact final solution" (2000, 

p. 11). According to Davidson, this fits with the character of the left hemisphere of the brain, 

which is considered to be "primarily concerned with processing discrete elements in a series 

(one at a time), is strongly oriented toward details, is analytical, and plays a major role in 

verbal communication" (1983, p. 2). For Style II students, on the other hand, "a careful 

building up approach holds little inherent meaning. Such students prefer to establish a 

general overview of a situation first and then refine that overview successively until an exact 

solution emerges" (Marolda & Davidson, 2000, p. 11). According to Davidson, this style fits 

with the character ofthe right hemisphere, which is considered to be "concerned more with 

*2 Theories of brain lateralization are somewhat controversial. Physiological causes aren't relevant for this 
paper. 
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the overall configuration (the gestalt), is spatially oriented, is intuitive, and is adept at visual 

communication (such as reading faces and body expressions)" (Davidson, 1983, p. 2). 

Marolda and Davidson observed that Style I students tend to be more interested in 

knowing how to solve a problem than they are in knowing why the problem should be solved, 

while Style II students often want to know why the problem is relevant before they are 

expected to know how to solve it. Marolda and Davidson also observed that Style I students 

can sometimes be "so focused on the individual elements that the overall thrust or goal is 

obscured." Style II students' broad approaches, on the other hand, can sometimes lead them 

to "lack appreciation of all relevant details" (Marolda & Davidson, 2000, p. 11). 

Like Krutetskii, and Sharma, Marolda and Davidson recognized that "to be full and 

successful participants in mathematics, students must learn to mobilize both Mathematics 

Learning Style I and Mathematics Learning Style II" (Marolda & Davidson, 2000, p. 11). 

Marolda and Davidson emphasized the importance of recognizing that "students bring 

to the mathematics classroom a wide range of abilities and learning approaches. " 

Concerning learning disabilities in the mathematics classroom, these researchers promoted 

the idea of learning "differences, rather than a discussion of explicit deficits." They proposed 

that a mathematics learning "disability" can be seen as "the occurrence of multiple 

'mismatches'" between the child and the mathematical environment in which he/she must 

operate. "The goal of the educator is to find those strengths that can be used to address the 

weaknesses and difficulties inherent in students' learning profiles" (Marolda & Davidson, 

2000, p. 11). 
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Chinn, Bath, & Knox: Grasshopper and Inchworm Thinking Styles for Mathematics 

Bath, Chinn, and Knox label the two categories of "thinking styles for mathematics" 

as "Inchworms" and "Grasshoppers" (Bath & Knox, 1984; Chinn 1992,2001,2004,2007; 

Chinn & Ashcroft, 1998,2007). The Inchworm style is method-oriented. Formulas and 

memorized procedures are used, following a sequential line of reasoning to reach the answer. 

People with strong Inchworm tendencies "see numbers and the symbols for operations 

literally" (Chinn, 2004, p. 60), and have a need to document their work, so computations are 

usually done using pencil and paper, handling numbers exactly as given. 

The Grasshopper style is answer-oriented. Concepts, patterns, and exploration are 

used, often following a non-linear path of reasoning to reach the answer. People with strong 

Grasshopper tendencies use an awareness of number values and the interrelationship of 

operations to adjust, break-down and build up numbers to make calculations easier, usually 

performing the calculations in their heads. 

Chinn (2004) describes these two styles not as discrete categories, but as "extremes at 

the ends of a continuum" (p. 59). Both styles have their strengths; "the Grasshopper style 

involves the key skill of overviewing and estimating and the Inchworm style involves the key 

skill of seeing the details and documenting procedures" (p. 75). Promoting flexibility in 

thinking styles is encouraged; "ideally learners should be able to move appropriately 

between styles as they solve problems" (p. 59). 

Chinn emphasizes that teachers need to be aware of the differences in styles, and 

aware that students may use different styles than the teacher's preferred style. In a survey of 

teachers' grading practices, Chinn (1995, cited in 2007, p. 47) showed three "very different, 
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yet correctly answered methods" of solving a word problem to a group of teachers, and 

found that the teachers gave different grades for the different methods ranging everywhere 

from no credit to full credit. This means that three different students in the same classroom, 

all of whom had mathematically correct work, would have been given different grades 

depending on the teacher's idea of the "right" method. This also suggests that a student could 

have a teacher one year who rewards the reasoning of one style, and the next year have a 

teacher who gives him/her no credit for that exact same reasoning. 

Silver, Hanson, & Strong: Mastery and Understanding styles 

Silver, Hanson, and Strong's "Mastery" and "Understanding" styles (Strong, Hanson, 

& Silver, 1980; Silver, et. aI., 1996,2007,2010,2011; Hanson, & Silver, 1998), form 

another description of the mathematical problem-solving styles. They trace their history to 

Jung's categories of personality type, corresponding to the two categories of Jung's "thinking" 

types: the "sensing-thinking" and "intuitive-thinking" styles, respectively (Jung, 1921). 

For the Mastery style, "the goal is to do it and do it right" (Strong, Hanson, & 

Silver, 1980, p. 5). The Mastery curriculum emphasizes practical skills and essential 

information. The Mastery teacher presents; "favorite teaching strategies include 

demonstration, drill, lecture and competitive games" (Strong, Hanson, & Silver,1980, p. 5). 

The Mastery learner exercises; he/she wants to learn "practical information and procedures," 

and prefers class to be focused on "drills, lectures, demonstrations, and practice" (Silver, 
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Jackson, Moirao, 2011, p. 9). Silver (2010) describes that "Mastery strategies help students 

remember mathematical content and procedures and practice their computational skills" 

(p.7). 

For the Understanding style, "the goal is to think things through" (Strong, Hanson, & 

Silver,1980, p. 6). The Understanding curriculum emphasizes patterns, problems, issues and 

ideas. The Understanding teacher probes; "favorite teaching strategies include lecture, 

discussion and debate" (Strong, Hanson, & Silver, 1980, p. 6). The Understanding learner 

explains; he/she wants to "use logic ... and inquiry to investigate ideas," and likes "reading, 

debates, research projects," and being "challenged to think and explain [his/her] ideas" 

(Silver, Jackson, Moirao, 2011, p. 9). Silver (2010) writes that "Understanding strategies 

help students uncover and explain the principles and big ideas behind the mathematics they 

study" (p. 7). 

Silver (2010) describes that the Mastery and Understanding styles each represent "a 

different kind of thinking, a different way of interacting with mathematical content, a 

different opportunity to grow as a learner and problem solver; "if you take one of these away, 

"you really don't know mathematics" (p. 7). Furthermore, Silver, Jackson, and Moirao 

(2011) write that 

Students whose style preferences are routinely ignored in the classroom are 

more likely to disengage from new learning. By failing to reach out to different 

learning styles, teachers increase the ranks of unmotivated, uncomfortable 

students in their classrooms. Conversely, students become more committed to 

learning when their styles are validated in the classroom. (pp. 9 - 10) 
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Silver and Hanson (1996) emphasize that teachers should strive to consistently provide 

students with opportunities to learn in their preferred style because this will "provide 

approval and success experiences for students," but at the same time, teachers should 

consistently provide learning experiences that will foster the students' appreciation of 

learning styles that are different from their own, and an ability to operate in multiple learning 

styles (p. 16). 

Curriculum and Instructional Style Has an Impact on Students' Problem-Solving Styles 

Chinn and his colleagues studied the impact that different mathematics programs at 

schools in the Netherlands, Ireland, and England, had on students' problem-solving styles 

(Chinn, McDonagh, Van Elswijk, Harmsen, Kay, McPhillips, Power, & Skidmore, 2001). 

They found that in the Netherlands, where the educational program focuses on problem 

solving based on Freudenthal's "Realistic Mathematics," the students' scores "showed a 

decrease of 11 % in the Inchworm scores and a 17% increase in the Grasshopper scores, 

hence showing a move toward the midline" (p. 83), meaning that students were becoming 

more equally comfortable with using Grasshopper and Inchworm strategies. In Ireland, 

where the curriculum is relatively prescriptive, advocating specific procedures for certain 

topics, students' scores remained relatively constant and predominantly Inchworm. In 

England, however, where the mathematics program is designed "to encourage pupils to 

attempt problems in different ways so that they can find a method which is suitable for 

them," students' scores "decreased by 13% on the Inchworm scores and increased by 43% on 

the Grasshopper scores showing a greater shift toward the midline" (p. 83). Curriculum and 
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instructional style can have a strong impact on students' preferred style, as well as their 

comfort and flexibility in using strategies from both styles. 

Summary of Mathematical Problem-Solving Styles 

Chinn, Silver, et.al., Marolda and Davidson, Sharma, Krutetskii, and Descartes 

approached mathematical problem-solving styles from their own unique perspectives. 

Though their descriptions have different nuances, they contain common themes. 

Inchworm approaches and strategies concentrate on mechanical details. Step-by-step 

rules and formulas are followed, using the numbers exactly as given. Problems are 

categorized according to predefined "types," and the type of problem determines which 

algorithm or rule is used. Work is meticulously documented, and when the work is 

completed the answer is reached. The answer is not usually seen in a larger mathematical 

context. Mathematical facts and skills are the primary foci of Inchworm approaches. 

Grasshopper strategies and approaches are focused on the "big picture." Reasoning 

often follows a non-sequential path as theories are tested and found to be useful or discarded 

in favor of other theories. Patterns and mathematical relationships are identified and used. 

Numbers are broken down into their component parts and rearranged in ways that are more 

useful to the solving of the problem. In many situations estimates are considered to be as 

useful, or more useful, than exact numbers. Documenting work is not a priority because the 

solution makes sense in the larger mathematical context. 

It is important for teachers and students to be aware that there are multiple "right 

ways" to approach solving mathematical problems. Inchworm strategies are more useful in 
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some situations, while Grasshopper strategies are more useful in other situations. Chinn, 

McDonagh, et.al. (2001), demonstrated that curriculum and instructional style has an impact 

on students' preferences for mathematical problem-solving style. Chinn, Silver, et.al., 

Marolda and Davidson, Sharma, and Krutetskii all emphasize the need for students to be able 

to choose and make use of the strategies of each style that are apropos to the problem at 

hand. 

Current Knowledge about the "Cognitive Underpinnings of Learning" 

Among Deaf and Hard-of-Hearing Students 

In 2008, Marschark and Hauser wrote, "Research at the intersection of cognitive and 

brain science, behavioral development, and deaf education is [just] beginning to offer a 

unique, integrated understanding of language, cognition, and learning" (p. 5). It is only 

recently that researchers have begun to concentrate on studying the cognitive functioning of 

deaf and hard-of-hearing individuals, including looking at the ways in which using a visual, 

signed language rather than a spoken word-based language might affect cognition. 

Mathematical Problem-Solving 

Recent research shows that deaf and hard-of-hearing students' trouble with 

mathematics is not "just a reading comprehension issue." Even when deaf and hard-of

hearing students understand what they are reading, they still often do not achieve success in 

mathematics. 
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Kelly and Mousley (2001) investigated the extent to which factors other than reading 

level influence the ability of deaf students to solve mathematical word problems. The 

college students who participated in their study were given mathematics problems presented 

in either numeric/graphic format or written in words. For each word problem the students 

were asked to draw the described figure, so that the researchers could determine whether the 

students had correctly read and understood the written description. The study concluded that 

"generally the deaf students had no difficulty reading and understanding the word problems" 

(pp. 260 - 261), as evidenced by the fact that their graphic representations of the word 

problems were accurate descriptions ofthe situations given in the problems. 

Kelly and Mousley found that the main differences between deaf and hearing 

students' responses were that "deaf students generally exhibited higher rates of computation 

errors and left a considerable number of problems blank, while the hearing students left none 

blank" (p. 260). The hearing students also demonstrated a grasp of the connection between 

the problems presented in the word-problem format and the numeric/graphic format, while 

the deaf students seemed to be solving the exercises in the word-problem format "in isolation 

from their immediate prior experience with the numeric/graphic problems" (p. 261). 

Ansell and Pagliaro (2006) also found that the deaf and hard-of-hearing participants 

in their study tended to solve mathematics problems in isolation; the students had difficulty 

relating mathematical problems to the real-world situations they depicted, even when those 

situations were explicitly described. 

Swanwick, Oddy, and Roper (2005) in their analysis of test papers from the National 

Mathematics tests, which are taken in the UK by all 14-year-olds, also found that deaf 
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students were more likely than their hearing peers to leave items blank. For example, in one 

instance 71 % of the deaf students left a specific item blank, while only 42% of the hearing 

students left the same item blank. 

On questions that required written explanations, the deaf children were also more 

likely than their hearing peers to give "an incomplete or incorrect explanation or no 

explanation at all" (p. 17). The deaf students excelled, however, when asked to show their 

work; 100% of deaf students showed their work when asked, compared to only 70% of 

hearing students. 

In addition, Swanwick, Oddy, and Roper found that the "deaf cohort favoured [sic.] 

vertical methods of working rather than mental calculation when tackling computational 

problems," leading the researchers to believe that "teachers of the deafmay focus heavily on 

these mechanical skills, which are straightforward to teach and free of many of the linguistic 

difficulties of other areas of the mathematics curriculum" (p. 14). (See the discussion of 

teaching styles in mainstream and residential schools later in this paper for a further 

discussion of this topic.) 

Visual-Spatial Awareness and Memory 

Research has shown that deaf and hard-of-hearing individuals tend to have enhanced 

visual-spatial awareness and memory (Emmorey, Klima & Hickok, 1998; Emmorey, 

Kosslyn, & Bellugi, 1993). It would seem that this would be especially beneficial in 

mathematics classes, but research has also shown that deaf and hard-of-hearing students do 
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not seem to take full advantage of these visual strengths when undertaking mathematical 

problem-solving (Blatto-Vallee, Kelly, & Gaustad, 2007; Ansell & Pagliaro, 2006). 

In their study, Emmorey, Klima and Hickok (1998) found that deaf college students 

seemed to have an advantage over their hearing peers in terms of visual-spatial awareness 

and memory. For the first part of the study, deaf and hearing students viewed videotapes of 

objects being placed sequentially on a board representing a diagram of a room. A matching 

board was placed before the students, which was either oriented the same as on the video or 

at a 180 degree rotation. The students were asked to place the objects on the matching board 

in the same locations as on the original board. The deaf students were found to be more 

accurate than the hearing students at placing the objects within the room in both situations. 

When the described room was rotated 180 degrees from the diagram of the room in front of 

them, both groups were significantly less accurate, but the deaf students were more accurate 

than the hearing students. 

For the second part of the Emmorey, Klima and Hickok (1998) study, the deaf 

students were shown a video-taped description of the objects in the room with the description 

presented in American Sign Language, and the hearing students were shown a video-taped 

description of the room with the description presented in spoken English accompanied by 

hand gestures to indicate the locations of objects. The hearing students performed equally 

poorly under the 180 degree rotation condition whether the room was described in English or 

shown on a diagram. For the deaf students, however, when the description of the room was 

presented in ASL, they did not show a decrease in accuracy due to the "rotation effect" -- the 

deaf students were equally as accurate, whether or not the room was rotated. 
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Emmorey, Kosslyn, and Bellugi (1993) examined aspects of mental iniagery in a 

study that included hearing participants who had deaf parents and who communicate in 

American Sign Language (ASL) on a regular basis, as well as deaf participants who 

communicate in ASL, and hearing non-signers. Their study found that signers, both deaf and 

hearing, had "an enhanced ability to generate visual mental images" (p. 139), and in fact 

"formed relatively complex [mental] images faster than non-signers." Signers were also 

found to be more accurate and faster than non-signers at tasks that required mental rotation of 

an object (p. 158). The finding that deaf and hearing signers performed essentially 

identically on these tasks led the researchers to hypothesize that the enhanced abilities related 

to visual mental images seen in these participants were connected to linguistic aspects of 

American Sign Language, rather than auditory deprivation. 

Combining Visual-Spatial Awareness with Mathematical Problem Solving 

In a study exploring students' use of self-generated visual-spatial representations 

while solving mathematical problems, Blatto-Vallee, Kelly, and Gaustad (2007) found that 

when deaf and hard-of-hearing students make use of visual-spatial information in solving 

mathematics problems their success increases, and that this is true for deaf and hard-of

hearing students more than it is for their hearing peers. In this study, a distinction was made 

between "schematic" representations that "encode the spatial relations" in a math problem 

and "iconic-only" representations that "encode only the visual appearance of the objects 

described" in the math problem (see Figure 2.1). 

24 



Figure 2.1: Schematic and "Iconic-Only" Representations 

A "schematic" representation 
of a problem involving trees: 

5m 5m 

An "iconic-only" representation 
of the same problem: 

The study found that the use of schematic visual-spatial representations was a stronger 

positive predictor of mathematical problem-solving performance for the deaf students in the 

study than for the hearing students in the study. 

One might assume that the visual-spatial representations inherent in American Sign 

Language would thus give ASL users extra support in solving mathematical problems when 

they are presented in ASL. However, Ansell and Pagliaro (2006) found in their study of 

signed arithmetic story problems that the visual-spatial nature of the American Sign 

Language presentation of the word problems "did not appear to assist the deaf and hard-of-

hearing students in coming up with viable solutions" (p. 167). In fact, most of the students 

"did not appear to view the signing of the problem as containing any links to its solution" (p. 

167). This led the researchers to believe that "deaf education teachers may not be 

capitalizing on the potentially helpful linguistic information within ASL" (p. 167). 

Mainstream and Residential Schools -- Similarities and Differences 

A number of studies have identified general differences between the educational 

experiences of deaf and hard-of-hearing students in mainstream and residential settings. For 
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example, mainstream classes tend to be larger than classes at residential schools for the deaf 

and hard-of-hearing. At least partially because of this, mathematics teachers in mainstream 

settings tend to focus more on whole-group instruction, with less individualization, than 

teachers at residential schools. Teachers in mainstream classrooms also have been found to 

give less individual seat work and provide more positive feedback to students. These 

teachers also tend to be more intent on progressing through the content of the course than 

teachers at residential schools. In addition, although mainstream teachers have been shown 

to pose fewer questions to individual deaf students, they have also been found to ask more 

open-ended questions than teachers at residential schools. (Kluwin, 1992; Cawthon, 2001) 

Kelly, Lang, and Pagliaro (2003) found a similarity between mainstream and 

residential schools regarding the lack of emphasis placed on mathematical problem solving. 

They surveyed mathematics teachers of deaf students in grades 6 - 12 in both mainstream and 

residential school settings, and found that, "overall, teachers [in both settings] were found to 

focus more on practice exercises than on true problem-solving situations, " and that teachers 

in both settings tended to "emphasize problem features ... rather than analytical and thinking 

strategies" (p. 104, italics original). 

Kelly and his colleagues also discovered that the majority of the teachers who were 

teaching mathematics to deaf and hard-of-hearing students in residential schools and in 

segregated resource rooms (rather than integrated mainstream classrooms) were neither 

certified nor had adequate preparation in mathematics to be teaching mathematics. This 

concurs with the earlier findings of Pagliaro (1996). In their 2002 study, Pagliaro and Ansell 

showed a connection between these two findings. They confirmed that teachers Who took at 
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least one methods course in mathematics incorporated problem-solving situations, such as 

story problems, in their classrooms with a significantly higher frequency than did teachers 

with no such coursework. 

Conclusion 

Deaf and hard-of-hearing students who communicate in American Sign Language are 

using a language that fosters visual-spatial descriptions of mathematical situations, and 

studies have shown that these students have strengths in visual-spatial awareness and 

memory. However, deaf and hard-of-hearing students do not seem to be converting these 

strengths into success in the mathematics classroom. Is it, as Ansell and Pagliaro (2006) 

suggest, that teachers of the deaf and hard-of-hearing are not helping their students to notice 

and make use of the visual-spatial nature of mathematics? Is it that the mathematics 

classroom environments of deaf and hard-of-hearing students concentrate too much on 

practicing mechanical skills, rather than allowing students to experience true problem

solving situations, as suggested by Swanwick, Oddy, and Roper (2005) and Kelly, Lang, and 

Pagliaro (2003)? Could it be, as Chinn (1995), and Chinn, McDonagh, et.al., (2001) 

described, that the classroom environments of deaf and hard-of-hearing students are focused 

on using one "right" method to reach the answer to a given mathematical question, rather 

than giving students access to multiple methods, and encouraging students to find the 

methods that work for them? All of these questions are directly related to students' and 

teachers' mathematical problem-solving styles. 
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Answering the calls of Marschark & Hauser (2008) and Ansell and Pagliaro (2006) 

for further research, this doctoral study seeks to add to the knowledge-base of the "cognitive 

underpinnings oflearning among deaf and hard-of-hearing students" in the mathematics 

classroom by investigating the mathematical problem-solving styles utilized by deaf and 

hard-of-hearing students and their teachers. 
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CHAPTER 3 

METHODS 

Participating Students 

Recruiting Student Participants *3 

For this study, middle school and high school deaf and hard-of-hearing students were 

recruited from a Midwestern state residential school for the deaf and hard-of-hearing, and 

from the public school district in which the residential deaf school is located. At the 

residential school, the researcher had the opportunity to describe the study to all middle 

school and high school students and their parents/guardians individually during enrollment 

days at the beginning of the school year, and to invite each student to participate in the study 

with the permission ofhislher parent/guardian. There were a total of 54 students from the 

residential school for whom both student assent and parent/guardian consent were completed. 

In the public school district, a contact person at each school (either a school administrator or 

school counselor) made the initial contact with the parents/guardians of the deaf and hard-of-

hearing students to secure permission for the researcher to contact them to describe the study 

and invite their child's participation. The parents/guardians of 12 students from the public 

school district responded to school personnel in some form indicating that the school's 

attempts to contact them were successful. Of this number, both student assent and 

parent/guardian consent forms were received for 8 students. Of these totals, 37 students from 

the residential school and all 8 students from the public schools participated in the study by 

*3 Approval from the University of Missouri - Kansas City Institutional Review Board was obtained 
before any participants became involved in the study. 
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returning student demographic surveys and completing the Test of Thinking Style in 

Mathematics (Chinn, 2002). 

Student Demographic Information 

The student demographic survey is included in Appendix C. Questions on the survey 

included students' grade-level, gender, level of hearing loss, and educational history. All 

student participants had a hearing loss in the range of severe to profound (70 decibels or 

greater). Basic demographic information for the students who participated in the study is 

summarized in Table 3.1. 

Table 3.1 Student Demographic Information 

Residential School Public School District 

Total Male Female Total Male Female 

6th Grade 0 0 0 1 0 1 

7th Grade 5 3 2 2 1 1 

8th Grade 5 2 3 2 1 1 

9th Grade 9 5 4 1 1 0 

10th Grade 4 3 1 0 0 0 

11th Grade 5 2 3 1 0 1 

12th Grade 9 3 6 1 1 0 

Total 37 18 19 8 4 4 

Only one 6th-grade student participated in the study. This occurred because the 

residential school and public school district both partition their students into elementary, 

"middle school," and high school levels; however, "middle school" is defined as including 

grades 7 and 8 at the residential school, while "middle school" in the public school district 
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includes grades 6, 7 and 8. Thus, when the researcher approached school administrators to 

secure permission and cooperation to carry out this research, the public school district 

understood "middle school and high school students" to mean students in grades 6-12, while 

the residential school understood "middle school and high school students" to mean students 

in grades 7-12. This discrepancy was not discovered by the researcher until late in the testing 

process. The researcher chose to include the single 6th-grader because ofthe limited size of 

the available population from the public school district. 

Procedures 

The purpose of the study and the activities involved in participation were explained to 

prospective student participants and to parents/guardians. Students who agreed to participate 

signed assent forms, and their parents/guardians signed consent forms for their child's 

participation. The consent and assent forms are included in Appendix B. There were no 

penalties for students who chose not to participate in the study. 

One-on-one communication with deaf and hard-of-hearing students and 

parents/guardians was conducted in sign language and/or in spoken English, according to the 

preferences of the deaf or hard-of-hearing individual. Spanish interpreters were also 

provided by the residential school during enrollment days for parents/guardians when 

needed. Spanish interpreters were involved in the consent process with the parents/guardians 

of three participating students. 

Participating students completed the Test of Thinking Style in Mathematics (Chinn, 

2002). Prior to participation, students and parents/guardians were assured that the Test of 
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Thinking Style in Mathematics investigates the ways people approach solving mathematical 

problems; answers are not considered right or wrong. Students and parents/guardians were 

assured that the answers given would have no effect on students' grades. Student 

participation in the study occurred during the school day 

Participating Teachers 

Recruiting Teacher Participants 

The mathematics teachers of middle school and high school deaf and hard-of-hearing 

students were recruited for this study from the Midwestern state residential school for the 

deaf, and the public school district in which the residential deaf school is located. At the 

beginning of the school year 5 teachers from the residential school and 17 teachers from the 

public school district were identified to the researcher by the schools as either currently 

teaching mathematics to deaf and hard-of-hearing students, or having done so in the previous 

school year. Each of these teachers was contacted by the researcher and invited to participate 

in the study. A total of 4 of the 5 teachers from the residential school and 15 of the 17 

teachers from the public school participated in the study. 

Teacher Demographic Information 

The teacher demographic survey is included in Appendix C. Questions on the survey 

concerned teachers' educational background, teaching background, current teaching 

assignment, level of hearing loss, and gender. Basic demographic information for the 

population of teachers who participated in the study is summarized in Table 3.2. All deaf 
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and hard-of-hearing teachers had a hearing loss in the range of severe to profound 

(70 decibels or greater). 

Table 3.2 Teacher Demographic Information 

Grade Level Gender Subject Hearing Loss 

Middle High 
Male Female Math Resource DeaflHard- Hearing 

School School of-hearing 
Residential 

1 3 3 1 3 1 2 2 School 

Public School 
12 3 4 11 12 3 1 14 

District 

Total 13 6 7 12 15 4 3 16 

Procedures 

The purpose of the study and the activities involved in participation were explained to 

prospective teacher participants. Teachers who agreed to participate signed consent forms. 

The consent forms are included in Appendix B. There were no penalties for teachers who 

chose not to participate in the study. One-on-one communication with deaf and hard-of-

hearing teachers was conducted in sign language and/or in spoken English, according to the 

preferences of the deaf or hard-of-hearing teacher. 

Participating teachers were asked to show how they would teach their students to do 

the items on the Test o/Thinking Style in Mathematics (Chinn, 2002). Teachers were assured 

that the Test o/Thinking Style in Mathematics investigates the ways people approach solving 

mathematical problems; answers are not considered right or wrong. Teacher participation 

occurred at the teacher's preference either during hislher planning time or after school. 
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Table 3.3 displays the numbers of student and teacher participants from the 

residential school and the public school district. 

Table 3.3 Study Participants 

Residential School Public School District 

Student Participants 37 8 

Teacher Participants 4 15 

Measures 

Dr. Chinn gave his permission for the Test afThinking Style in Mathematics (Chinn, 

2002) to be used in this study (see Appendix A). 

The Test afThinking Style in Mathematics (Chinn, 2002) consisted of fifteen 

mathematics questions. The person taking the test was asked to answer each question and 

then explain to the researcher the way he/she obtained hislher answer. The researcher 

recorded the method used to reach each answer, and later the method was scored as fully (+2) 

or partially (+1) "Inchworm" or "Grasshopper." For example, possible responses and scoring 

for each response for test item 15A, "A film starts at 7:40 pm and ends 2 hours and 50 

minutes later. When does it finish?" are illustrated in Figure 3.1. 
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Figure 3.1 Test Item 15A: 

A film starts at 7:40 pm and ends 2 hours and 50 minutes later. 
When does it finish? 

Example Response A Example Response B 

"You have to add 2 hours and 50 minutes to "It's 10:30 pm." 
7:40 pm." 

[writes:] 7:40 
+ 2:50 

9:90 

"But there's no such thing as 9:90. 
You have to change 90 minutes to 1 hour 
and 30 minutes, and then carry the hour. 

9:00 
+ 1:30 

10:30 

"That's the answer. 

When asked to explain how he/she arrived at 
that answer, the person replies 

"2 hours and 50 minutes is close to 3 hours. 

"3 hours after 7:40 would be 10:40 pm. 

"But we need to go back 10 minutes, 
because 50 minutes is 10 minutes less than a 
full hour. 

"So the answer is 10:30 pm. 
That's when the movie is finished." 

The movie ends at 10:30 pm." Scoring Rationale: The question was seen 
1-----------------1 in the general context of "time," which made 

Scoring Rationale: A step-by-step 
procedure was followed, with each step 
documented on paper. 

Score: +2 in Inchworm direction 

the answer obvious to the respondent. Some 
respondents using this method will have 
trouble explaining "why" beyond "I just 
know." 

Score: +2 in Grasshopper direction 

The scores for each question were then totaled to give an overall score indicating the 

relative contribution of the two styles as a location on a continuum between 1-30 and G-30 

with 0 as a balance between Grasshopper and Inchworm (illustrated in Figure 3.2). A score 

of 0 indicates that the person used both Grasshopper and Inchworm methods with equal 

preference. The farther away from 0 a person scored indicates greater preference for that 

style. Thus 1-30 (the strongest score in the Inchworm direction) indicates that only Inchworm 
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methods were used on all questions, and G-30 (the strongest score in the Grasshopper 

direction) indicates that only Grasshopper methods were used on all questions. 

Figure 3.2 Mathematical Problem-Solving Style Profile 

I 
1-30 1-25 1-20 1-15 1-10 1-5 o G-5 G-1O G-I5 G-20 G-25 G-30 

Inchworm Grasshopper 

While many ofthe questions on the Test a/Thinking Style in Mathematics (Chinn, 

2002) were basically numeric/algebraic in nature, some of the questions were essentially 

shape/geometric in nature. For example, some possible responses to test item 11, a question 

involving the number of black squares in a 7x7 checkerboard-like array, are illustrated in 

Figure 3.3, with scoring for each response. 
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Figure 3.3 Test Item 11: 

There are 49 squares in the figure below. 
How many are black? 

Example Response A 

[The respondent counts each square. 
He/she may count across the rows, 
down the columns, or even possibly 
on the diagonals.] 

"There are 25 black squares." 

Scoring rationale: A methodical, 
step-by-step approach was used, with 
no need for patterns or estimation. 

Scoring: +2 in Inchworm direction 

Example Response B 

The respondent quickly answers: 
"25 black squares." 

When asked how he/she arrived at that 
number, he/she responds, 

"49 is one less than 50, and 
half of 50 is 25. 

"So there are 25 of one color and 24 of 
the other color. 

"The comers are all black, so there 
must be more black squares. 

"So there must be 25 black squares." 

Scoring rationale: The answer was 
seen immediately from overviewing 
the picture and using number 
relationships (the "larger half' of 49). 

Scoring: +2 in Grasshopper direction 
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The shape/geometric questions were included in the overall score, but also broken 

out into a subscale (illustrated in Figure 3.4), to determine whether the problem-solving style 

used on the shape/geometric type of questions was similar or different from the overall style 

used on the entire Test of Thinking Style in Mathematics (Chinn, 2002). 

Figure 3.4 Shape/Geometric Subscale 
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Validity and Reliability 

The Test of Thinking Style in Mathematics was originally published in 1986 as the 

Test of Cognitive Style in Mathematics. Evidence of validity and reliability was gathered 

under the earlier title in two studies: one in the US, and the other in the UK. Dr. Chinn 

states, "Some of the items [of the earlier test] have been retained, others modified, but 

basically the test components are the same" (Chinn, 2002). 

For evidence of reliability, the test-retest interval was five weeks. The coefficient of 

stability for the US sample was 0.91, and the coefficient of stability for the UK sample was 

0.94. 

Evidence of validity is presented in two categories: content validity and item 

validity. Dr. Chinn states, "Content validity is related to how well the items and responses 

measured the Inchworm and Grasshopper characteristics. Since the items for the Test of 
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Thinking Style in Mathematics were selected only after many trials (and many lectures 

world-wide) to evaluate if each [item] satisfied this criterion, the content validity is assured" 

(Chinn, 2002). As to item validity, the test was divided into four subtests, of five items each. 

The item discrimination index was statistically significant at the O.OS-level for each item in 

the test (Chinn, 2002). 
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CHAPTER 4 

DATA ANALYSIS 

Analysis ofthe data was completed using SPSS version 16.0. Initially, an exploratory 

analysis of the data was conducted for each group and subgroup of participants in the study 

to get a general sense of the data, and to verify the assumptions for the statistical tests which 

were to be conducted. This was followed by statistical testing and the generation of 

graphical displays. For the statistical testing, the . I-level of significance was chosen due to 

the fact that the present study was an exploratory work, where there was more concern about 

making type II errors than type I errors, and sample sizes in the study were relatively small. 

The results of the data analysis are presented in three parts, following the order of the 

research questions: data analysis concerning the students, data analysis concerning the 

teachers, and data analysis comparing students' and teachers' mathematical problem-solving 

styles. Each section begins with descriptive and exploratory summary data concerning the 

groups and subgroups involved in that section, followed by the results of statistical testing, 

and a discussion regarding the validity of the assumptions underlying the statistical tests. 

Concerning the Students 

The first set of research questions concerns the nature of deaf and hard-of-hearing 

students' mathematical problem-solving style preferences. Question la asks whether the 

students demonstrate a predominant preference for one problem-solving style over the other. 

Question 1 b asks whether there is a difference between the problem-solving style preferences 

of students in residential educational settings and mainstream educational settings. Question 
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1 c asks whether there is a relationship between students' educational histories and their 

mathematical problem-solving style preferences. 

Research Question la. In general, do students predominantly prefer using one 

problem-solving style over the other? 

A plot of the mathematical problem-solving style scores of the deaf and hard-of-

hearing students is presented in Figure 4.1. Summary statistics for the scores of the students 

are presented in Table 4.1. 

Figure 4.1 The Distribution of Deaf and Hard-of-Hearing Students' 
Mathematical Problem-Solving Style Scores 

. . .. .... .. ...... .. . . .. .. .. .. . . . .. . . .. .. . . .. ...... .... ... .,.. .. ,. . 
I -30 I -25 I -20 I -15 I -10 1-5 

Inchworm 
o G - 5 G - 10 G - 15 G - 20 G - 25 G - 30 

Grasshopper 

Table 4.1 

N 
45 

Summary Statistics for Deaf and Hard-of-Hearing Students' 
Mathematical Problem-Solving Style Scores 

Mean Std. Dev. Minimum QI Median Q3 
1-19.31 7.731 1-30 1-25 1-20 1-16 

Maximum 
G-4 

Figure 4.1 and Table 4.1 demonstrate that the deaf and hard-of-hearing students 

decidedly preferred Inchworm approaches; 96% of the students scored on the Inchworm side 

of the spectrum, and 76% of the students had Inchworm scores ofl-16 or greater (meaning 

41 



they used Inchworm strategies on a large majority of the questions). Only two students 

(4%) scored on the Grasshopper side of the spectrum. 

A one-sample t-test determined that the deaf and hard-of-hearing students' mean 

mathematical problem-solving style score was statistically different from zero 

[t(44) = -16.757,p < .001]. Since zero would be a balance between Inchworm and 

Grasshopper strategies, this indicates that the students' mean problem-solving style was 

significantly weighted toward one end of the spectrum. From the plot of scores in Figure 4.1, 

and the summary statistics in Table 4.1, it is evident that the students used Inchworm 

strategies a significant majority of the time. 

A plot of the shape/geometric subscale scores for the deaf and hard-of-hearing 

students is presented in Figure 4.2. Summary statistics for the students' scores on the 

shape/geometric subscale are presented in Table 4.2. 

Figure 4.2 The Distribution of Deaf and Hard-of-Hearing Students' 
Shape/Geometric Subscale Scores 
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Table 4.2 Summary Statistics for Deaf and Hard-of-Hearing Students' 
Shape/Geometric Subscale Scores 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
45 1-4.58 2.231 1-6 1-6 1-6 1-4 G-2 
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On the shape/geometric questions 89% of the students scored on the Inchworm side 

ofthe spectrum (see Figure 4.2 and Table 4.2), and 78% of the students had Inchworm scores 

ofI-4 or greater (meaning they used Inchworm strategies on nearly all of the shape/geometric 

questions). In fact 60% of the students used only Inchworm approaches on the 

shape/geometric questions (27 out of 45 students scored 1-6). At the same time, four 

students' shape/geometric scores (9%) moved onto the balance point of zero, meaning that 

they used a balance ofInchworm and Grasshopper strategies on the shape/geometric 

questions. 

On the shape/geometric subscale, a one-sample t-test determined that the students' 

mean mathematical problem-solving style score for the shape/geometric questions was also 

statistically significantly different from zero [t( 44) = -13.765, P < .001], indicating a 

tendency toward one end ofthe spectrum. The distribution of scores in Figure 4.2 and Table 

4.2, demonstrate that the students gravitated toward Inchworm strategies on the 

shape/geometric subscale. 

Concerning the normality assumption underlying the t-tests, on the overall problem

solving style scale the Kolmogorov-Smirnov test indicated the students' scores to be 

normally distributed [D(45) = .128,p = .610], while the Shapiro-Wilk test indicated that the 

distribution was not normal [W(45) = .899,p = .001]. On the shape/geometric subscale, both 

non-parametric tests indicated that the distribution of students' scores was not normal 

[D(45) = .338,p < .001; W(45) = .690,p < .001]. Fortunately, the t-test is relatively robust 

against violations of the normality assumption, especially when the size of the sample 

43 



population is greater than 30 [here N = 45], so the results of the t-tests can be interpreted 

with some confidence (Chen, 2009). 

Due to the fact that the normality assumption was called into question, however, non-

parametric sign tests were also conducted (see Table 4.3). The one-sample sign tests 

determined that the deaf and hard-of-hearing students' median mathematical problem-solving 

style score was statistically different from zero on both the overall scale [Be = 43,p < .001], 

and shape/geometric subscale [Be = 44,p < .001]. 

Table 4.3 Summary Data for Sign Tests 
Overall Scale 

45 <.001 
N n ~~*4 I p-value 

Shape/Geometric Subscale 
N I n ~ 0*4 I p-value 
45 44 < .001 

Thus, the sign tests and t-tests concur; the data indicate that the students had a 

decided preference for using methods and strategies of the Inchworm style on both the 

overall scale and shape/geometric subscale. 

Research Question lb. Is there a difference in problem-solving style preferences 

between students in mainstream educational settings and students in residential 

educational settings? 

A plot of the scores of the deaf and hard-of-hearing students organized according to 

their current educational setting is presented in Figure 4.3. Summary statistics for the scores 

*4 Since the Inchworm-Grasshopper scale has no positive or negative values, the Inchworm values were chosen 
as the values to use for n 2: 0 for the purpose of these sign tests. 
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of the students by educational setting are presented in Table 4.4. Figure 4.4 and Table 4.5 

display the plot and summary statistics for the students' scores on the shape/geometric 

subscale. 

Figure 4.3 The Distribution of Mathematical Problem-Solving Style Scores for 
Students in Residential and Mainstream Settings 

Residential t ..•.. ! ..•.. ! ..... ; ..•..... j .. '.l.: ......... .: ................. . 

Mainstream .......... : ...........•.............•.....•.....•...... 

I -30 I -25 I -20 I -15 1-10 1-5 

Inchworm 

o G- 5 G-ID G- 15 G- 20 G-25 G- 30 

Grasshopper 

Table 4.4 Summary Statistics for Mathematical Problem-Solving Style Scores 
of Students in Residential and Mainstream Settings 

Residential 
Mainstream 

Figure 4.4 

N Mean Std. Dev. Minimum QI Median Q3 
37 1-19.92 7.049 1-30 1-25.5 1-21 1-16.5 
8 1-16.50 10.447 1-27 1-26 1-18 1-9.75 

The Distribution of Shape/Geometric Subscale Scores for 
Students in Residential and Mainstream Settings 

Maximum 
G-4 
G-4 

Residential ........• Iill·· ....... .•.. .... ..... ..•... .... ..... .•..... ..... ...• .... .... .....•........ ..... . , ..... , ... , .. , ..... , ............ , .. , .... , .............................. , .......... .. 
Mainstream · .. ··· .. ···1········ .. ·,·1.,···,························ .. · .......................... , .... ,. " ........................................... , .......... , ....................... , ........ . 
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Table 4.5 Summary Statistics for Shape/Geometric Subscale Scores of 
Students in Residential and Mainstream Settings 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Residential 37 1-4.49 2.281 1-6 1-6 1-6 1-3.5 G-2 
Mainstream 8 1-5 2.070 1-6 1-6 1-6 1-3.5 o (balance) 

The students in both settings predominantly preferred Inchworm approaches. The 

graphs in Figures 4.3 and 4.4 demonstrate that, on both the overall problem-solving style 

scale and the shape/geometric subscale, students in both school settings used Inchworm 

strategies a vast majority of the time. The spread of the data points in the mainstream and 

residential settings were quite similar, even though there were only eight students in the 

mainstream setting, compared with 37 students in the residential setting. 

Two-sample t-tests for independent samples confirmed that there was no statistically 

significant difference in mean mathematical problem-solving style score between deaf and 

hard-of-hearing students in residential and mainstream educational settings on either the 

overall scale [t(43) = -1.138,p = .261], or the shape/geometric subscale [t(43) = .586, 

p = .561]. 

Concerning the assumptions underlying the t-tests, on the overall problem-solving 

style scale the Kolmogorov-Smirnov test indicated the students' scores to be normally 

distributed for both the residential and mainstream educational settings [Residential: 

D(37) = .l24,p = .164; Mainstream: D(8) = .193,p = .200], while the Shapiro-Wilk test 

indicated that the distribution was not normally distributed for the residential setting 

[W(37) = .919,p = .010], but was normally distributed for the mainstream setting 

[W(8) = .904, p = .314]. Since the size of the group in the residential setting was larger than 
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30, and both tests indicated the students' scores for the mainstream setting to be normally 

distributed, the normality assumption should not cause a problem in interpreting the results of 

the t-tests. However, there is a large difference in size between the two groups 

[NReSidential = 37, NMainstream = 8], and the mainstream group is particularly small; thus, even 

though the normality assumption was satisfied, the results of the t-tests should be interpreted 

with caution. 

Since the assumptions underlying the t-tests were called into question, non-parametric 

Wilcoxon Rank Sum tests were also conducted (see table 4.6). Two-sample Wilcoxon Rank 

Sum tests for independent samples determined that there was no significant difference 

between the median mathematical problem-solving style scores of the students in the 

residential and mainstream settings on either the overall scale [We = 212,p = .405], or 

shape/geometric subscale [We = 171.5,p = .675]. 

Table 4.6 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Residential 37 22.24 823 
.405 

23.34 863.5 
Mainstream 8 26.50 212 21.44 171.5 

.675 

Thus, the t-tests and Wilcoxon Rank Sum Tests concur; the data indicate that there 

was no statistically significant difference in preference for problem-solving style between the 

students in the residential educational setting and the mainstream educational setting on 

either the overall scale or shape/geometric subscale. 
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Research Question lc. Is there a relationship between students' problem-solving style 

preferences and their educational history? 

Two aspects of students' education were examined: the grades in which the students 

were enrolled at the time of the interview and the amount oftime the students spent in 

residential and mainstream educational settings. The latter was examined according both to 

the percentage of students' education that was completed in each type of setting, and to the 

number of years students spent in each type of setting. 

Students'Scores by Grade-Level 

Figure 4.5 displays a scatterplot in which each student's mathematical problem

solving style score is plotted according to the grade in which the student was enrolled at the 

time of the interview, with the linear regression line superimposed on the graph. As can be 

observed from the distribution of data points in Figure 4.5, there does not appear to be a 

linear relationship. The value for Pearson's r, and the accompanyingp-value, confirmed that 

there is no statistically significant linear relationship between the grade in which the students 

were enrolled and their mathematical problem-solving styles scores [r = .022, p = .443, 

r2 = .0005]. 
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Figure 4.5 Students' Mathematical Problem-Solving Style 
Scores by Grade-Level 

Grade-Level 

Figure 4.6 (below) displays the scatterplot for the students' scores on the 

shape/geometric subscale. A very weak linear relationship was identified between the 

students' grade levels and their scores on the subscale. The relationship was statistically 

significant at the . I-level although it only explained between 4.8% and 2.5% of the variation 

in shape/geometric subscale scores [r = .2I8,p = .075, r2 = .048, Adjusted r2 = .025]. 

Inchworm scores on the shape/geometric subscale were associated with students being in the 

earlier grades, while shape/geometric scores closer to the midline were associated with 

students' being in the upper grades (see Figure 4.6). 
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Figure 4.6 Students' Shape/Geometric Subscale Scores 
by Grade-Level 
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Students' Scores by Proportion of Education in Residential and Mainstream Settings 

Figures 4.7 and 4.8 display scatterplots of students' mathematical problem-solving 

style scores plotted according to the proportion of their education that was spent in 

residential, and in mainstream educational settings, respectively. 
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Figure 4.7 Students' Mathematical Problem-Solving Style 
Scores by Proportion of Education in Residential Settings 

.000 .200 .400 .600 .aoa 1.000 

Proportion of Education in Residential Settings 

Figure 4.8 Students' Mathematical Problem-Solving Style 
Scores by Proportion of Education in Mainstream Settings 
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Proportion of Education in Mainstream Settings 
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A weak linear relationship was found between students' mathematical problem-

solving style scores and the percentage of students' education that was completed in each 

type of educational setting (Figures 4.7 and 4.8). This relationship was statistically 

significant at the . I-level even though it only explained between 1.9% and 4.2% of the 

variation in scores [r =.206,p = .093,'; = .042, Adjusted'; = .019]. Larger Inchworm scores 

were associated with higher proportions of time in residential education, while scores closer 

to the midline were associated with more time spent in mainstream education. No linear 

relationship was found for students' scores on the shape/geometric subscale [r =.053, 

p = .367] (see Figures 4.9 and 4.10). 

Figure 4.9 Students' Shape/Geometric Subscale Scores 
by Proportion of Education in Residential Settings 
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Figure 4.10 Students' Shape/Geometric Subscale Scores by 
Proportion of Education in Mainstream Settings 
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Concerning the Teachers 

The second set of research questions concerns the mathematical problem-solving 

style preferences of the teachers of deaf and hard-of-hearing students. Question 2a asks 

whether the teachers demonstrate a predominant preference for one problem-solving style 

over the other. Question 2b asks whether there is a difference between the mathematical 

problem-solving styles fostered by the teachers in residential educational settings and by the 

teachers in mainstream educational settings. Question 2c asks whether there is a relationship 

between the teachers' educational backgrounds and their mathematical problem-solving style 

preferences. 
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Research Question 2a. In general, do teachers predominantly foster one problem-

solving style over the other? 

A plot of the scores of the teachers of deaf and hard-of-hearing students is presented 

in Figure 4.11. Summary statistics for the scores ofthe teachers are presented in Table 4.7. 

Figure 4.11 
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Table 4.7 Summary Statistics for Teachers' 
Mathematical Problem-Solving Style Scores 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
19 G-1.37 13.246 1-27 1-9 G-4 G-13 G-19 

The distribution of teacher scores on the overall mathematical problem-solving style 

scale represented a relative balance of Grasshopper and Inchworm approaches. Eight of the 

nineteen teachers (42%) had a tendency toward Inchworm approaches, while eleven teachers 

(58%) had a preference for Grasshopper approaches. The majority of the teachers' scores 

were toward the middle of the spectrum of mathematical problem-solving styles (all but one 

of the teachers scored between 1-20 on the Inchworm side of the spectrum and G-20 on the 

Grasshopper side) as can be seen in Figure 4.11. 
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A one-sample t-test determined that the teachers' mean mathematical problem-

solving style score was not statistically significantly different from 0 [t(18) = .450,p = .658], 

indicating a balance between Inchworm and Grasshopper styles. 

A plot of the teachers' scores on the shape/geometric subscale is presented in Figure 

4.12. Summary statistics for the scores of the teachers on the shape/geometric subscale are 

presented in Table 4.8 

Figure 4.12 The Distribution of Teachers' 
Shape/Geometric Subscale Scores 
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Table 4.8 Summary Statistics for Teachers' 
Sh /G t· S b I S ape eome riC u sca e cores 

N Mean Std. Dev. Minimum QI Median Q3 Maximum 
19 1-2.32 2.451 1-6 1-4 1-3 o (balance) G-2 

On the shape/geometric subscale the teachers showed a preference for Inchworm 

approaches; thirteen of the nineteen teachers (68%) scored in the Inchworm range, while only 

four of the teachers (21 %) scored in the Grasshopper range, and the remaining two teachers 

(11 %) scored zero, which is the balance point between Grasshopper and Inchworm sides of 

the spectrum. 

55 



A one-sample t-test determined that the teachers' mean shape/geometric subscale 

score was significantly different from 0 [t(18) = -4.119,p = .001], demonstrating a tendency 

toward one end of the spectrum. From Figure 4.12 and Table 4.8, it is evident that the 

tendency was weighted toward Inchworm approaches. Thus, the data indicate that the 

teachers used a balance of Grasshopper and Inchworm approaches overall, but significantly 

preferred Inchworm approaches on the shape/geometric questions. 

In checking the normality assumption underlying the t-tests, both the Kolmogorov

Smimov test and Shapiro-Wilk test indicated that the distribution of teachers' scores on the 

overall scale was normally distributed [D(19) = .128,p = .200; W(19) = .945,p = .326]. On 

the shape/geometric subscale the Kolmogorov-Smimov test indicated that the distribution of 

teachers' scores was not normally distributed [D(19) = .242,p = .005], while the Shapiro

Wilk test indicated a normal distribution [W(19) = .912,p = .082]. 

Due to the fact that the normality assumption was called into question on the 

shape/geometric subscale tests, non-parametric sign tests were also conducted (see 

Table 4.9). A one-sample sign test determined that the teachers' median mathematical 

problem-solving style score was not statistically different from zero on the overall scale 

[Be = 8,p = .648], indicating a balance between Inchworm and Grasshopper styles. On the 

shape/geometric subscale a one-sample sign test determined that the teachers' median 

mathematical problem-solving style score was statistically different from zero [Be = 15, 

p < .019], indicating a tendency toward one end ofthe spectrum. From Table 4.9, it is 

evident that the tendency was weighted toward the Inchworm side of the spectrum. 
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Table 4.9 Summary Data for Sign Tests 
Overall Scale Shape/Geometric Subscale 

~ In~tl p~~~; ~ I n~~.' I ~~~;e 

Thus, the sign tests and (-tests concur; the data indicate that the teachers used a 

balance of Grasshopper and Inchworm approaches overall, but preferred Inchworm 

approaches on the shape/geometric questions. 

Research Question 2b. Is there a difference between the mathematical problem-solving 

styles fostered by teachers in mainstream educational settings and by teachers in 

residential educational settings? 

In making comparisons between the teachers who participated in this study from 

mainstream and from residential educational settings, it is important to note that the 

comparative sizes of the two groups were quite different; there were only fOUl teachers from 

the residential school for the deaf and hard-of-hearing, compared with fifteen teachers from 

the public school district, who participated in the study. All statistical results, therefore, 

should be interpreted with caution. The comparative sample sizes having been noted, it is 

still worthwhile to compare the distributions of the teachers' scores from the two educational 

settings. 

*5 Since the Inchworm-Grasshopper scale has no positive or negative values, the Inchworm values were chosen 
as the values to use for n 2: 0 for the purpose of these sign tests. 
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A plot showing the distribution of the scores of the teachers of deaf and hard-of-

hearing students, differentiated by educational setting, is presented in figure 4.13. Summary 

statistics for the scores of the teachers differentiated by setting are presented in Table 4.10. 

Figure 4.13 The Distribution of Mathematical Problem-Solving Style Scores 
for Teachers In Residential and Mainstream Settings 
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Table 4.10 Summary Statistics for Mathematical Problem-Solving Style 
S fT h . R ·d f I d M· t S tf cores 0 eac ers m eSI en la an ams ream e mgs 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Residential 4 1-1.75 14.818 1-15 1-13.5 1-5.5 G-13.75 G-19 
Mainstream 15 G-2.20 13.230 1-27 1-8 G-6 G-13 G-19 

As can be seen in Figure 4.13, in the residential setting, three-quarters ofthe teachers' 

scores were on the Inchworm side of the spectrum, compared with only one-third of the 

teachers in mainstream settings. Clearly the majority of the teachers in mainstream settings 

more frequently utilized Grasshopper strategies, while the majority of the teachers in the 

residential setting more frequently utilized Inchworm strategies. 

A plot showing the distribution of the teachers' scores on the shape/geometric 

subscale, differentiated by educational setting, is presented in figure 4.14. Summary 
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statistics for the shape/geometric subscale scores of the teachers differentiated by setting are 

presented in Table 4.11. 

Figure 4.14 The Distribution of Shape/Geometric Subscale Scores 
for Teachers In Residential and Mainstream Settings 
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Mainstream , ............................. s ............ 31 ..............•............................................ , ..............•.............................................................. 

I~ I~ I~ I~ I~ I~ 

Inchworm 

o ~1 ~2 ~3 ~4 ~5 ~6 

Grasshopper 

Table 4.11 Summary Statistics for Shape/Geometric Subscale Scores 
0 fT h . R ·d t" I d M· t S tt" eac ersm eSI en la an ams ream e mgs 

N Mean Std. Dev. Minimum QI Median Q3 Maximum 
Residential 4 1-2.75 2.630 1-5 1-5 1-3.5 o (balance) G-1 
Mainstream 15 1-2.20 2.484 1-6 1-6 1-3 o (balance) G-2 

On the shape/geometric subscale the majority of teachers in both settings tended to 

prefer Inchworm approaches; the 75th percentile was at the balance-point for both groups 

(see the values for Q3 in Table 4.11). 

A two-sample t-test for independent samples determined that there was no 

statistically significant difference in mean mathematical problem-solving style score between 

the teachers of deaf and hard-of-hearing students in residential and mainstream educational 

settings on either the main profile [t(17) = -.519,p = .610], or shape/geometric subscale 

[t(17) = -.389,p = .702]. 
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Concerning the normality assumption underlying the (-tests, on the overall problem

solving style scale the Shapiro-Wilk test indicated that the teachers' scores were normally 

distributed for both the residential setting [W(4) = .914,p = .510] and the mainstream setting 

[W(15) = .920,p = .195]. The Kolmogorov-Smirnov test indicated the teachers' scores to be 

normally distributed for the mainstream setting [D(15) = .191,p = .147], but did not render a 

p-value for the residential setting [D(4) = .257]. On the shape/geometric subscale the 

Shapiro-Wilk test indicated that the teachers' scores were normally distributed for both the 

residential setting [W(4) = .887,p = .369] and the mainstream setting [W(15) = .922, 

p = .209]. The Kolmogorov-Smirnov test indicated that on the shape/geometric subscale the 

teachers' scores were not normally distributed for the mainstream setting [D(15) = .226, 

p = .037], and did not render a score for the residential setting. Thus, the results of the (-tests 

should be interpreted with caution due to the large difference in sizes between the two groups 

and questions about the validity of the normality assumption. 

Because of the large difference in sample sizes, and the question about the normality 

assumption for the shape/geometric sub scale, non-parametric Wilcoxon Rank Sum tests were 

also conducted (see table 4.12). Two-sample Wilcoxon Rank Sum tests for independent 

samples determined that there was no significant difference between the median 

mathematical problem-solving style scores of the teachers in the residential and mainstream 

settings on either the overall scale [We = 34.5, p = .581], or shape/geometric subscale 

[We = 34.5, p = .575]. 
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Table 4.12 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Residential 4 8.62 34.5 
.581 

8.62 34.5 
.575 

Mainstream 15 10.37 155.5 10.37 155.5 

Thus, the t-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was no statistically significant difference in preference for problem-solving style between the 

teachers in the residential educational setting and the mainstream educational setting on 

either the overall scale or shape/geometric subscale. 

Research Question 2c. Is there a relationship between teachers' preferences for 

mathematical problem-solving style and teachers' educational backgrounds? 

To explore the relationship between the mathematical problem-solving style 

preferences ofthe teachers and their educational backgrounds, the teachers' problem-solving 

style preferences were examined according to number of teaching years, highest academic 

degree, highest mathematics class completed, grade-level setting (middle school or high 

school), and teaching specialty (mathematics or special education resource). 

It must be noted here that one of the nineteen teachers who agreed to participate in the 

study, and completed the Test a/Thinking Style in Mathematics (Chinn, 2002), did not return 

the demographic survey. Therefore, the number of teachers included in the following data 

varies between 18 and 19. 

61 



Teachers' Scores by Years of Teaching Experience 

A plot of the teachers' mathematical problem-solving style scores according to their 

years of teaching experience is displayed in Figure 4.15, with a linear regression line 

superimposed on the graph. A weak linear relationship was found between years of teaching 

experience and teachers' scores on the overall mathematical problem-solving style scale 

[r = .355]. This relationship was statistically significant at the . I-level, and explains between 

7.1 % and 12.6% of the variation in problem-solving style scores [r = .355 ,p = .074, 

r2 = .126, Adjusted? = .071]. More years of teaching experience were correlated with larger 

Grasshopper scores and fewer years of teaching experience were correlated with larger 

Inchworm scores (see Figure 4.15). 

Figure 4.15 Teachers' Mathematical Problem-Solving Style Scores 
by Years of Teaching Experience 
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A plot of the teachers' scores on the shape/geometric subscale according to their 

years of teaching experience is presented in Figure 4.16. No statistically significant linear 

relationship was found between years of teaching experience and teachers' scores 

shape/geometric subscale [r = .167,p = .253]. 

Figure 4.16 Teachers' Shape/Geometric Subscale Scores 
by Years of Teaching Experience 
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Teachers' Scores by Highest Academic Degree 
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A plot of the mathematical problem-solving style scores of the teachers according to 

highest academic degree is presented in Figure 4.17. Summary statistics for the teachers' 

mathematical problem-solving style scores according to highest academic degree are 

presented in Table 4.13. 
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Figure 4.17 The Distribution of Teachers' Mathematical Problem-Solving Style 
Scores by Highest Academic Degree 

Master's ................................... ·e·············· e·,.·············· .. ··· .............. ., ............................... ·e···························· 

Bachelor's ................................... ........................................ . ............................................. ·e···························· 

1 -30 1 -25 1-20 1-15 1 -10 1-5 o 0- 5 0-100-150-200-250-30 
Inchworm Grasshopper 

Table 4.13 Summary Statistics for Teachers' Mathematical Problem-Solving Style 
S b H· hAd . D cores »y 1:11 est ca emIc egree 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Master's 12 G-.75 13.599 1-27 1-8.5 G-3.5 G-12.5 G-19 

Bachelor's 6 G-.67 14.010 1-15 1-15 G-2.5 G-12.25 G-19 

It appears from the data plot in Figure 4.17, and the summary statistics in Table 4.13 

that the distributions of scores of Bachelor's degreed teachers and Master's degreed teachers 

are quite similar. Notice that in Table 4.13 the means, 50th percentiles, 75th percentiles, and 

maximum scores are nearly the same for the two groups. 

Figure 4.18 displays a plot of the teachers' shape/geometric subscale scores by highest 

academic degree. Summary statistics for the scores of the teachers by highest academic 

degree are presented in Table 4.14. 
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Figure 4.18 The Distribution of Teachers' Shape/Geometric Subscale Scores 
by Highest Academic Degree 

Master's ........... "' ......... 11. ...................................................................................................... . 
11* ,. $; ® 

Bachelor's .............................. 1-............................ . ............................................................ . 

1 -6 1 -5 1 -4 1-3 1 -2 1-1 0 G-1 G- 2 G- 3 G- 4 G-5 G- 6 
Inchworm Grasshopper 

Table 4.14 Summary Statistics for Teachers' Shape/Geometric Sub scale 
Scores by Highest Academic Degree 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Master's 12 1-2.92 2.466 1-6 1-4.5 1-3.5 I-I G-l 

Bachelor's 6 1-1.67 2.160 1-3 1-3 1-3 G-.5 G-2 

On the shape/geometric sub scale the distributions look a bit different (in Figure 4.18), 

partially due to the fact that 4 of the 6 Bachelor's-degreed teachers achieved the identical 

score on the shape/geometric subscale, however the summary statistics are still fairly similar 

for the two groups (see Table 4.14). 

Two-sample t-tests for independent samples determined that there was no statistically 

significant difference in mean mathematical problem-solving style score between the 

teachers who had Bachelor's degrees and those with Master's degrees on either the overall 

profile [t(16) = -.012,p = .990], or shape/geometric subscale [t(16) = 1.053,p = .308]. 

Concerning the normality assumption underlying the t-tests, on the overall problem-

solving style scale both the Shapiro-Wilk test and Kolmogorov-Smirnov test indicated that 
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the teachers' scores were normally distributed among those with Bachelor's degrees 

[W(6) = .908,p = .423; D(6) = .202,p = .200] and Master's degrees [W(12) = .960,p = .788; 

D(12) = .149,p = .200]. On the shape/geometric subscale, both tests indicated that the 

teachers' scores in the Master's degree group were normally distributed [W(11) = .909, 

p = .238; D(11) = .197,p = .200], but that the Bachelor's degree group was not normally 

distributed [W(6) = .398,p = .003; D(6) = .705,p = .007]. Due to questions about the 

normality assumption on the shape/geometric subscale, and the difference in size between the 

two groups [NMaster's = 12, NBachelor's = 6], the results of the (-tests should be interpreted with 

caution. 

Since the assumptions underlying the (-tests were called into question, non-parametric 

Wilcoxon Rank Sum tests were also conducted (see table 4.15). Two-sample Wilcoxon 

Rank Sum tests for independent samples determined that there was no significant difference 

between the median mathematical problem-solving style scores of the teachers with 

Bachelor's degrees and Master's degrees on either the overall scale [We = 114,p = 1.0], or 

shape/geometric subscale [We = 100.5,p = .196]. 

Table 4.15 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Master's 12 9.5 114 
1.0 

8.38 100.5 
.196 

Bachelor's 6 9.5 57 11.75 70.5 

Thus, the (-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was no statistically significant difference in preference for problem-solving style between the 
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teachers with Bachelor's degrees and those with Master's degrees on either the overall scale 

or shape/geometric subscale. 

Teachers' Scores by Highest College Mathematics Course 

To examine the teachers' scores by highest mathematics course completed in college, 

two categories were formed: those teachers who had completed at least one calculus class in 

college, and those who had completed only mathematics classes below calculus. A plot of 

the mathematical problem-solving style scores of the teachers according to highest 

mathematics class completed in college is presented in Figure 4.19. Summary statistics are 

presented in Table 4.16. 

Figure 4.19 The Distribution of Teachers' Mathematical Problem-Solving Style 
Scores by Highest Mathematics Class Completed in College 

At Least 

Inchworm Grasshopper 

Table 4.16 Summary Statistics for Teachers' Mathematical Problem-Solving Style 
Scores by Highest Mathematics Class Completed in College 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
~ Calculus I 9 G-6.11 11.330 1-15 1-2.5 G-8 G-15 G-19 
Below Calc 9 1-4.67 13.537 1-27 1-15 1-3 G-4.5 G-19 
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Figure 4.19 demonstrates that the majority of the teachers who had taken some 

calculus (78%) scored in the Grasshopper range, while the majority of the teachers who had 

taken only mathematics classes below calculus (67%) scored on the Inchworm side of the 

spectrum. The summary statistics in Table 4.16 indicate that for the teachers who had taken 

some calculus, both the mean and the median were Grasshopper scores, while for the 

teachers who had not taken calculus, both the mean and the median were Inchworm scores. 

A two-sample t-test for independent samples determined that there was a statistically 

significant difference at the . I-level between the mean mathematical problem-solving style 

scores of the teachers who had completed at least one calculus class and those who had 

completed only mathematics classes below calculus [t(16) = -1.832,p = .86, d= 0.87 *6]. 

From Figure 4.19 and Table 4.16 it is evident that teachers who had taken some calculus 

scored more toward the Grasshopper side of the spectrum, while teachers who had not taken 

calculus scored more toward the Inchworm side of the spectrum [M'~alculusl"= G-6.11, 

M"<Calculus" = 1-4.67]. 

A plot of the shape/geometric subscale scores of the teachers according to highest 

mathematics class completed in college is presented in Figure 4.20. Summary statistics are 

presented in Table 4.17. 

*6 Cohen's d was calculated using the pooled standard deviation. 
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Figure 4.20 The Distribution of Teachers' Shape/Geometric Subscale Scores 
by Highest Mathematics Class Completed in College 

At Least 
Calculus I 

Below 
Calculus 

...................................................... ···· .. ·1······ .. ··· .. ··· .. ···· .. ······ .. ····· .. ··· .. ··· 

J ................. $ .......................................................................................... . 

I-6 I-5 I-4 I-3 I-2 I-1 0 G-1 G-2 G-3 G-4 G-5 G-6 
Inchworm Grasshopper 

Table 4.17 Summary Statistics for Teachers' Shape/Geometric Subscale 
S b H' h t M th f CI CIt d' C II cores ,y 19l es a ema ICS ass omple e In o e2e 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
?: Calculus I 9 1-1.67 2.236 1-5 1-3.5 1-2 G-.5 G-l 

Below Calc 9 1-3.33 2.345 1-6 1-5 1-3 1-3 G-2 

Figure 4.20 and Table 4.17 illustrate that on the shape/geometric subscale more of the 

teachers who had taken some calculus scored closer to the midline than of the teachers who 

had only taken mathematics classes below calculus. However, both groups scored more 

strongly in the Inchworm direction than on the overall scale. 

A two-sample (-test for independent samples determined that on the shape/geometric 

subscale there was no statistically significant difference in mean problem-solving style score 

between the teachers who had completed at least one calculus class and those who had 

completed only mathematics classes below calculus [((16) = -1.543,p = .142]. 

Concerning the normality assumption underlying the (-tests, on the overall problem-

solving style scale both the Shapiro-Wilk test and Kolmogorov-Smirnov test indicated that 

the teachers' scores were normally distributed among both groups: those who had completed 

at least one calculus class [W(9) = .894, p = .218; D(9) = .233, p = .173], and those who had 
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completed only mathematics classes below calculus [W(9) = .986,p = .989; D(9) = .112, 

p = .200]. On the shape/geometric subscale, both tests indicated that the teachers' scores for 

the group of teachers who had completed at least one calculus class were normally 

distributed [W(9) = .910,p = .316; D(9) = .216,p = .200], but that the scores for the group of 

teachers who had completed only mathematics classes below calculus were not normally 

distributed [W(9) = .790,p = .022; D(9) = .375,p = .001]. Fortunately the (-test is somewhat 

robust against the normality assumption if the sizes of the two groups are not too different 

(Chen, 2009), and in this case they are identical [N"<Calculus" = 9, N"?:.Calculusl" = 9]. 

However, since the normality assumptions underlying the (-tests on the 

shape/geometric subscale were called into question, non-parametric Wilcoxon Rank Sum 

tests were also conducted (see table 4.18). Two-sample Wilcoxon Rank Sum tests for 

independent samples determined that there was a statistically significant difference at the 

. I-level between the median mathematical problem-solving style scores of the teachers who 

had completed at least one calculus class and those who had completed only mathematics 

classes below calculus on the overall scale [We = 65.5,p = .076]. On the shape/geometric 

subscale, there was no statistically significant difference between the median mathematical 

problem-solving style scores of the teachers who had completed at least one calculus class 

and those who had completed only mathematics classes below calculus [We = 69,p = .136]. 

Table 4.18 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

~ Calculus I 9 11.72 105.5 
.076 

11.33 102 
.136 

Below Calc 9 7.28 65.5 7.67 69 
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Thus, the (-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was a statistically significant difference at the . I-level between the preferences for 

mathematical problem-solving style of the teachers who had completed at least one calculus 

class and those who had completed only mathematics classes below calculus on the overall 

scale, but there was no statistically significant difference in preference for problem-solving 

style between the two groups ofteachers on the shape/geometric subscale. 

Teachers'Scores by Grade-Level Setting 

A plot of the mathematical problem-solving style scores of the teachers according to 

whether they were teaching in the high school setting or middle school setting is presented in 

Figure 4.21. Summary statistics for the teachers' scores by grade-level setting are presented 

in Table 4.19. 

Figure 4.21 The Distribution of Mathematical Problem-Solving Style Scores 
for Middle School and High School Teachers 

High School ........................................................................................................... " ......•......•............................ 

Middle School • ........................................................................ ........................................................................ . 

1:30 1-25 1-20 1-15 1-10 1-5 o G-5 G-10 G-15G-20G-25 G-30 
Inchworm Grasshopper 

Table 4.19 Summary Statistics for Mathematical Problem-Solving Scores 
0 f M' ddl S hid H' h S hiT h I e c 00 an 19l c 00 eac ers 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Middle School 13 1-1.00 13.235 1-27 1-12 1-3 G-9 G-19 
High School 6 G-6.5 12.849 1-15 1-5.25 G-1O.5 G-16.5 G-19 
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From the plot of teachers' scores in Figure 4.21 it can be observed that two-thirds of 

the high school teachers preferred Grasshopper methods, while the middle school teachers 

were fairly evenly split with six scoring on the Inchworm side of the spectrum and seven 

scoring on the Grasshopper side of the spectrum. However, the distributions of the two 

groups are actually quite similar, especially if one temporarily ignores the middle school 

teacher who scored 1-27. (However, 1-27 is not an outlier; the inner fence that determines 

potential outliers would be at 1-31.5.) 

Figure 4.22 displays the plot of the teachers' scores on the shape/geometric subscale 

by middle school and high school setting. Summary statistics for the scores of the teachers 

by setting are presented in Table 4.20. 

Figure 4.22 The Distribution of Shape/Geometric Subscale Scores for 
Middle School and High School Teachers 

High School ·········t!·······;1;········0·························· ········8··············································· 

Middle School : ................. S ................ <II................. . ....... t! ........ 0 .................................... . 

1-6 1-5 1-4 1-3 1-2 1-1 o G-l G-2 G-3 G-4 G-5 G-6 
Inchwonn Grasshopper 

Table 4.20 Summary Statistics for Shape/Geometric Subscale Scores 
of Middle School and High School Teachers 

N Mean Std. Dev. Minimum Ql Median Q3 
Middle School 13 1-2.62 2.399 1-6 1-4 1-3 I-I 
High School 6 1-1.67 2.658 1-5 1-4 1-l.5 G-I 
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On the shape/geometric subscale, the distributions of scores were also quite similar 

between the high school teachers and middle school teachers. Notice in Table 4.20 that the 

25th percentiles of the two groups are identical, and that the other statistical measures are not 

far apart. 

A two-sample t-test for independent samples determined that there was no 

statistically significant difference in mean mathematical problem-solving style score between 

the teachers who were teaching in high schools and those who were teaching in middle 

schools on either the overall profile [t(I7) = -1.158, p = .263], or shape/geometric profile 

[t(17) = -.776,p = .449]. 

Concerning the normality assumption underlying the t-tests, on the overall problem

solving style scale both the Kolmogorov-Smimov test and Shapiro-Wilk test indicated that 

the teachers' scores were normally distributed among both groups: those who were teaching 

in middle schools [D(13) = .I57,p = .200; W(13) = .986,p = .887], and those were teaching 

in high schools [D(6) = .213,p = .200; W(6) = .906,p = .414]. On the shape/geometric 

subscale, both tests indicated that the high school teachers' scores were normally distributed 

[D(5) = .22I,p = .200; W(5) = .915,p = .501], but the Kolmogorov-Smimov test indicated 

that that the middle school teachers' scores were not normally distributed [D(12) = .282, 

p = .009], while the Shapiro-Wilk test indicated that they were normally distributed 

[W(12) = .899,p = .156]. The sizes of the two groups were also quite different 

[N Middle School = 13, N High School = 6], so the results of the t -tests should be interpreted with 

caution. 
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Due to concerns about the assumptions underlying the (-tests, non-parametric 

Wilcoxon Rank Sum tests were also conducted (see table 4.21). Two-sample Wilcoxon 

Rank Sum tests for independent samples determined that there was no significant difference 

between the median mathematical problem-solving style scores of the middle school teachers 

and high school teachers on either the overall scale [We = 116,p = .218], or shape/geometric 

subscale [We = 124,p = .591]. 

Table 4.21 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Middle School 13 8.92 116 
.218 

9.54 124 
.591 

High School 6 12.33 74 11 66 

Thus, the (-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was no statistically significant difference between the preferences for mathematical problem-

solving style of the middle school teachers and high school teachers on either the overall 

scale or shape/geometric subscale. 

Teachers' Scores by Teaching Specialty 

In making comparisons between the resource teachers and mathematics teachers who 

participated in this study, it is important to note that the comparative sizes of the two groups 

were quite different; there were only four resource teachers, compared with fifteen 

mathematics teachers, who participated in the study, so the statistical results should be 

74 



interpreted with caution. The comparative sample sizes having been noted, it is still 

worthwhile to compare the distributions of the mathematics and resource teachers' scores. 

A plot of the mathematical problem-solving style scores of the teachers according to 

teaching specialty is presented in Figure 4.23. Summary statistics for the teachers' scores by 

teaching specialty are presented in Table 4.22. 

Figure 4.23 The Distribution of Mathematical Problem-Solving Style Scores 
for Math Teachers and Resource Teachers 

Resource .................................... .•.............................. ..•... . .......................................................................... . 

Math • • .................................................................................................................................................. 

1-30 1-25 1-20 1-15 1-10 1-5 o G- 5 G-10 G-15G-20G-25 G-30 
Inchwonn Grasshopper 

Table 4.22 Summary Statistics for Mathematical Problem-Solving Style 
Scores of Math Teachers and Resource Teachers 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Resource 4 1-14.75 10.210 1-27 1-24 1-15 1-5.25 1-2 

Math 15 G-5.67 10.452 1-15 1-3 G-8 G-14 G-19 

From the plot of teachers' scores in Figure 4.23 it is evident that 100% of the resource 

teachers scored on the Inchworm side of the spectrum, while only 27% of the mathematics 

teachers scored on the Inchworm side of the spectrum and 73% of the mathematics teachers 

scored in the Grasshopper side of the spectrum. The summary statistics in Table 4.22 show 

that the mean and median scores for the mathematics teachers were both Grasshopper scores, 

while the resource teachers' mean and median scores were Inchworm scores. 
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A two-sample t-test for independent samples verified that there was a statistically 

significant difference in mean mathematical problem-solving style score between the 

resource teachers and mathematics teachers [t(17) = -3.485,p = .003, d = 1.98]. From the 

information in Figure 4.23 and Table 4.22, it is evident that the mathematics teachers' scores 

were more toward the Grasshopper side of the spectrum, while the resource teachers' scores 

were more toward the Inchworm side of the spectrum [MMathematics = G-5.67, 

MResource = 1-14.75]. 

A plot of the shape/geometric subscale scores of the teachers according to teaching 

specialty is presented in Figure 4.24. Summary statistics for the shape/geometric subscale 

scores by teaching specialty are presented in Table 4.23. 

Figure 4.24 The Distribution of Shape/Geometric Subscale Scores 
for Math Teachers and Resource Teachers 

Resource ··················ij········I··························· 

Math •········ .. ·······1·······.·························· ..................................................... . 

1-6 1-5 1-4 1-3 1-21-1 o G-1 G-2 G-3 G-4 G-5G- 6 
Inchworm Grasshopper 

Table 4.23 Summary Statistics for Shape/Geometric Subscale Scores 
of Math Teachers and Resource Teachers 

N Mean Std. Dev. Minimum Ql Median Q3 
Resource 4 1-4.00 1.414 1-6 1-5 1-3.5 1-3 

Math 15 1-1.87 2.503 1-6 1-4 1-3 G-l 
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On the shape/geometric subscale, Figure 2.24 displays that 100% of the resource 

teachers had Inchworm scores while only 60% of the mathematics teachers scored on the 

Inchworm side of the spectrum. However, the minimum score, the 25th percentile, and the 

50th percentile were fairly close between the two groups of teachers (see Table 4.23), and the 

mean scores for both groups were Inchworm scores. 

A two-sample t-test for independent samples determined that there was no 

statistically significant difference between the mean shape/geometric subscale score of the 

resource teachers and the mathematics teachers [t(17) = -1.614,p = .125]. 

Concerning the normality assumption underlying the t-tests, on the overall problem

solving style scale both the Kolmogorov-Smirnov test and Shapiro-Wilk test indicated that 

the mathematics teachers' scores were normally distributed D(15) = .133,p = .200; 

W(15) = .940,p = .382]. For the resource teachers, the Shapiro-Wilk test indicated that the 

scores were normally distributed [W(4) = .944,p = .678] and the Kolmogorov-Smirnov test 

did not render ap-value [D(4) = .260]. On the shape/geometric subscale, the Shapiro-Wilk 

test indicated that the mathematics teachers' scores were normally distributed [W(15) = .934, 

p = .349], and the Kolmogorov-Smirnov test gave a border-line result [D(15) = .218, 

p = .069]. For the resource teachers, the Shapiro-Wilk test indicated that the distribution was 

not normal [W(4) = .750,p < .001] and the Kolmogorov-Smirnov test did not render a 

p-value [D(4) = .385]. Therefore, the results of the t-tests should be interpreted with caution 

due to the large difference in sizes between the two groups and a concern about the normality 

assumption. 
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Since the assumptions underlying the t-tests were called into question, non-

parametric Wilcoxon Rank Sum tests were also conducted (see table 4.24). Two-sample 

Wilcoxon Rank Sum tests for independent samples determined that there was a significant 

difference between the median mathematical problem-solving style scores of the resource 

teachers and mathematics teachers on the overall scale [We = 15,p = .012], but that there was 

no significant difference between the median mathematical problem-solving style scores of 

the resource teachers and mathematics teachers on the shape/geometric subscale [We = 25.5, 

p = .139]. 

Table 4.24 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Resource 4 3.75 15 
.012 

6.38 25.5 
.139 

Math 15 11.67 175 10.97 164.5 

Thus, the t-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was a statistically significant difference between the preferences for mathematical problem-

solving style of the resource teachers and mathematics teachers on the overall scale, but not 

on the shape/geometric subscale. 

Comparing the Students' and Teachers' Styles 

The fmal research question compares the mathematical problem-solving style 

preferences of deaf and hard-of-hearing students with the mathematical problem-solving 

style preferences of the teachers of deaf and hard-of-hearing students. 
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Research Question 3. Is there a difference between the mathematical problem-solving 

style preferences of the deaf and hard-of-hearing students and the mathematical 

problem-solving styles fostered by the teachers? 

A plot showing the distribution of the mathematical problem-solving style scores of 

the students and teachers is presented in Figure 4.25 Summary statistics for the scores ofthe 

students and teachers are presented in Table 4.25. 

Figure 4.25 The Distribution of Mathematical Problem-Solving Style Scores 
for Teachers and Students 
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Table 4.25 Summary Statistics for Mathematical Problem-Solving Style 
Scores of Teachers and Students 

N Mean Std. Dev. Minimum QI Median Q3 Maximum 
Teachers 19 G-1.37 13.246 1-27 1-9 G-4 G-13 G-19 
Students 45 1-19.31 7.731 1-30 1-25 1-20 1-16 G-4 

It is evident from Figure 4.25, and Table 4.25 that the majority ofthe students' 

mathematical problem-solving style scores were on the Inchworm side of the spectrum, while 

the teacher scores were more evenly distributed across the spectrum. In fact 96% of the 

students scored on the Inchworm side of the spectrum and 76% of the students had Inchworm 
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scores between 1-16 and 1-30 (meaning they used Inchworm strategies on a large majority of 

the questions). Only two students (4%) scored on the Grasshopper side of the spectrum. 

Concerning the teacher scores, on the other hand, only eight teachers (42%) scored on the 

Inchworm side of the spectrum while eleven teachers (58%) scored on the Grasshopper side, 

and the majority ofthe scores were toward the middle of the spectrum of mathematical 

problem-solving styles (all but three of the teachers scored between 1-16 and G-16). 

A two-sample t-test for independent samples determined that there was a statistically 

significant difference in mean mathematical problem-solving style score between deaf and 

hard-of-hearing students and the teachers of deaf and hard-of-hearing students 

[t(23.35) = 6.363,p < .001, d= 1.91]. The students overall used significantly more 

Inchworm approaches, while the teachers used more Grasshopper approaches 

[MStudents= 1-19.31, MTeachers = G-1.37]. 

Figure 4.26 and Table 4.26 display the data plot and summary statistics for the 

students' and teachers' scores on the shape/geometric subscale. 

Figure 4.26 The Distribution of Shape/Geometric Subscale Scores 
for Teachers and Students 
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Table 4.26 Summary Statistics for Shape/Geometric Sub scale Scores 
of Teachers and Students 

N Mean Std. Dev. Minimum QI Median Q3 Maximum 

Teachers 19 1-2.32 2.451 1-6 1-4 1-3 0 G-2 

Students 45 1-4.58 2.231 1-6 1-6 1-6 1-4 G-2 

On the shape/geometric subscale (Figure 4.26 and Table 4.26), the teachers and 

students both favored Inchworm approaches, but the students seemed to favor Inchworm 

approaches much more often than the teachers. Of the students, 89% scored on the 

Inchworm side of the spectrum, and 60% of the students used only Inchworm approaches on 

the shape/geometric questions (27 out of 45 students scored 1-6, the maximum Inchworm 

score). Of the teachers, on the other hand, only 68% scored on the Inchworm side of the 

spectrum, and only two used exclusively Inchworm approaches on the shape/geometric 

questions. 

A two-sample (-test for independent samples determined that there was a statistically 

significant difference between the students' mean score and the teachers' mean score on the 

shape/geometric subscale [t(62) = 3.60,p = .001, d = .96]. While the majority of both the 

teachers and students mostly tended toward Inchworm strategies on the shape/geometric 

questions, more of the students utilized Inchworm strategies exclusively (scored 1-6), while 

more of the teachers utilized some Grasshopper strategies [MStudents= 1-4.58, 

MTeachers = 1-2.32]. 

Concerning the normality assumption underlying the (-tests, on the overall problem-

solving style scale the Kolmogorov-Smirnov test and the Shapiro-Wilk test both indicated 

that the teachers' scores were normally distributed [D(19) = .128,p = .200; W(19) = .945, 
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p = .326], while for the students' scores the Shapiro-Wilk test indicated that students' scores 

were not normally distributed [W(45) = .899,p = .001], and the Kolmogorov-Smirnov test 

gave a borderline result [D(45) = .128,p = .061]. On the shape/geometric subscale, both 

tests indicated that the students' scores were not normally distributed [D(45) = .338,p < .001; 

W(45) = .690,p < .001], while for the teachers' scores the Kolmogorov-Smirnov test 

indicated a non-normal distribution [D(19) = .242, p = .005], and the Shapiro-Wilk test gave 

a borderline result [W(19) = .912,p = .082]. Thus, there are concerns about the assumption 

of normality for both (-tests, and this combined with the difference in the sizes of the two 

groups [NStudents = 45, NTeachers = 19] necessitates that the results of the (-tests must be 

interpreted with caution. 

Since the validity of the assumptions underlying the (-tests was called into question, 

non-parametric Wilcoxon Rank Sum tests were also conducted (see table 4.27). Two-sample 

Wilcoxon Rank Sum tests for independent samples determined that there was a significant 

difference between the median mathematical problem-solving style scores of the students and 

the teachers on both the overall scale [We = 1118,p < .001], and shape/geometric subscale 

[We = 1224,p < .001]. 

Table 4.27 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Teachers 19 50.63 962 
<.001 

45.05 856 
<.001 

Students 45 24.84 1118 27.02 1224 
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Thus, the results of the t-tests and Wilcoxon Rank Sum tests concur; the data 

indicate that there was a statistically significant difference between the preferences for 

mathematical problem-solving styles of the teachers and the students on both the overall 

scale and the shape/geometric subscale. 

Addendum 

Demographic information concerning gender was collected as part of the study to 

describe the overall group of participants who took part in the research. It was not an 

intention of the study to determine whether there was a relationship between gender and 

mathematical problem-solving style preference. However, since the data indicate a possible 

relationship, the results of statistical analysis concerning gender and mathematical problem

solving style are presented in Appendix D. 

Summary 

In general, the students demonstrated a decided preference for strategies and 

approaches of the Inchworm mathematical problem-solving style, while the teachers 

demonstrated an overall balance between strategies and approaches of the Inchworm and 

Grasshopper styles. No significant difference in preferences for mathematical problem

solving style was found between students in residential educational settings and students in 

mainstream educational settings, or between teachers in residential educational settings and 

teachers in mainstream educational settings. Weak linear relationships were found linking 

students' grade-levels with their mathematical problem-solving style preferences on the 
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shape/geometric questions, and linking the percentage of students' education completed in 

residential versus mainstream educational settings with the students' overall preference for 

mathematical problem-solving style. For the teachers, a weak linear relationship was found 

that linked years of teaching experience with teachers' overall preference for mathematical 

problem-solving style. Also, a difference was found between the overall problem-solving 

style preferences of teachers who had completed at least one calculus course in college and 

those who had not, and a difference was found between the overall problem-solving style 

preferences of mathematics teachers and special education resource teachers. 

In the following chapter the researcher will discuss the findings thus presented, and 

make recommendations that grew out of this research. 
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CHAPTER 5 

DISCUSSION 

In this chapter, the results presented in the Data Analysis chapter will be discussed in 

light of the Review of Literature and anecdotal information from the study. In addition, 

recommendations suggested by this research will be offered. The discussion is organized 

around the research questions posed for this study. 

It must be understood that whenever the terms "the students" and "the teachers" are 

mentioned, the writer is referring only to those students and teachers who participated in this 

study. Discussion, conclusions, and recommendations are based on that limited population. 

Concerning the Students 

The first set of research questions concerns the nature of deaf and hard-of-hearing 

students' mathematical problem-solving style preferences. Question Ia asks whether the 

students demonstrate a predominant preference for one problem-solving style over the other. 

Question I b asks whether there is a difference between the problem-solving style preferences 

of students in residential educational settings and mainstream educational settings. 

Question Ic asks whether there is a relationship between students' educational histories and 

their mathematical problem-solving style preferences. 
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Research Question 1a. In general, do students predominantly prefer using one 

mathematical problem-solving style over the other? 

The data demonstrate that the students in this study had a predominant preference for 

using Inchworm approaches. On both the overall scale and the shape/geometric subscale the 

students overwhelmingly chose to use strategies of the Inchworm style. 

This is consistent with the findings of previous researchers who identified 

characteristics of deaf and hard-of-hearing students' work. Many of the characteristics that 

they described correspond with characteristics of the Inchworm style: favoring "vertical 

methods of working rather than mental calculation when tackling computational problems" 

(Swanwick, Oddy, & Roper, 2005, p. 14), solving mathematics problems in isolation, and 

carefully showing their work (Kelly & Mousley, 2001; Ansell & Pagliaro, 2006; Swanwick, 

Oddy, & Roper, 2005). 

The students' strong reliance on Inchworm-style approaches is noteworthy since 

many researchers, past and present, agree that in order to do well in mathematics students 

need to make use of strategies from both sides of the spectrum of mathematical problem

solving styles (Krutetskii, 1976; Sharma, 1989; Marolda & Davidson, 2000; Chinn, 2007; 

Silver 2010). That means that students need to be able to make use of strategies from both 

the Inchworm style and the Grasshopper style to be successful in mathematics. 

Skills and strategies of the Inchworm style are important in the mathematics 

classroom; careful documenting of work, memorizing facts, using formulas, and following 

directions are all critical to success in the traditional classroom mathematics environment. 

However, relying only on Inchworm approaches can impede students' progress toward real 
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success in mathematics. For example, one common approach of the Inchworm style is 

having only one way of solving each specific type of problem. Students can become quite 

adept at identifying each different type of problem and connecting each type with a different 

set of steps to follow when they see that type of problem. A major disadvantage to this 

approach occurs when a student is faced with a novel problem that doesn't "look like" one of 

the types he/she has previously defined; there is no way to initialize the correct set of steps to 

solve the problem. This causes a great deal of frustration and dislike for novel mathematics 

problems. Another common problem with relying too heavily on Inchworm approaches 

occurs when a student makes a mistake in the calculations of a mathematics problem in such 

a way. that hislher answer is obviously inaccurate (for example ten-times too large or too 

small), but the student doesn't notice. Focusing on the method, the student proceeds through 

a known progression of steps, and thus believes the answer must be correct; he/she may not 

consider that an error in calculation might have been made, and he/she doesn't see the 

problem in a larger context to say, "That answer doesn't make sense." 

Inchworm approaches concentrate on the details of mathematics. This focus on detail 

is an important part of mathematics, but when taken alone it gives only part of the full 

picture. As Silver (2010) described, the Grasshopper and Inchworm styles each represent "a 

different kind of thinking, a different way of interacting with mathematical content, a 

different opportunity to grow as a learner and problem solver;" if you take one of these styles 

away, "you really don't know mathematics" (p. 7). 

Could this reliance on Inchworm-style approaches be a contributing factor in keeping 

deaf and hard-of-hearing students from achieving greater mathematical success? Further 
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research is needed to determine the degree to which deaf and hard-of-hearing students' use 

of strategies associated with the Inchworm and Grasshopper mathematical problem-solving 

styles affect their level of success in mathematics. Further research is also needed to 

determine the factors, including possible elementary-school experiences, that contribute to 

this Inchworm style preference among the students. 

Research Question lb. Is there a difference in problem-solving style preferences 

between students in mainstream educational settings and students in residential 

educational settings? 

The data suggest that there was not a difference in problem-solving style preference 

between the students in mainstream educational settings and students in residential 

educational settings. Students in both settings seemed to prefer using strategies of the 

Inchworm style. 

The common preference for Inchworm-style approaches among students in both 

settings might have been anticipated in light of the findings of previous researchers who 

identified one of the similarities between mainstream and residential schools for the deaf and 

hard-of-hearing to be mathematics educational experiences consistent with characteristics of 

the Inchworm-style. Kelly, Lang, and Pagliaro (2003), for example, found that teachers in 

both settings fostered linear methods of approaching mathematical problems, and 

emphasized "problem features ... rather than analytical and thinking strategies" in teaching 

the students to solve mathematical problems (p. 104). 
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On the other hand, one might have anticipated some difference in the students' 

preferences for problem-solving styles between the two settings. Where American Sign 

Language is the primary language of the classroom environment, as it is in residential deaf 

schools, for example, teachers have the opportunity to take advantage of the visual-spatial 

nature of ASL to promote Grasshopper-style "big picture" understandings of mathematical 

concepts and relationships. The ASL signer is able to use locations in space to convey 

relationships between objects or concepts, which allows the viewer to actually see the 

relationship with hislher eyes. Thus, teachers and students in an ASL setting communicate in 

a language that would naturally facilitate the Grasshopper skill of "interpret[ing] visually an 

expression of ... abstract mathematical relationship[s]" (Krutetskii, 1976, p. 321). 

In addition, Blatto-Vallee, Kelly, and Gaustad (2007) found that the use of schematic 

visual-spatial representations was an important predictor of deaf and hard-of-hearing 

students' success in solving mathematical problems. Teachers in the ASL setting have a 

unique opportunity to help students make use of their language to visualize and understand 

the relationships involved in mathematical problems and use those relationships as a key to 

the problems' solutions. Further study is needed to investigate the ways in which visual

linguistic features of ASL can be used most effectively to foster Grasshopper-style 

conceptual understanding and problem-solving in mathematics education for deaf and hard

of-hearing students. 
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Research Question Ie. Is there a relationship between students' problem-solving style 

preferences and their educational history? 

The data suggest the possible existence of a relationship between the problem-solving 

style preferences of the students in this study and their educational history. Students' 

preferences for problem-solving style did not seem to be related to current educational 

setting (residential or mainstream); however, the length oftime that students' had spent in 

residential and mainstream educational settings over the course of their educational history 

did have a weak linear correlation with students' preferences for problem-solving styles. The 

weak linear relationship associated larger proportions of time spent in residential education 

for the deaf and hard-of-hearing with higher Inchworm scores. Larger proportions of time in 

mainstream education correlated with scores closer to the balance point. 

A very weak linear correlation between students' current grade-level and their choice 

of problem-solving strategies on the shape/geometric questions was also identified. Larger 

Inchworm scores on the shape/geometric subscale were associated with students' being in the 

earlier grades; scores closer to the midline on the shape/geometric subscale were associated 

with students' being in the upper grades. However, no correlation was found between 

students' current grade level and their overall preferences for problem-solving style. Further 

research is recommended in this area before any generalizations are made. 

Even though it is not directly related to the educational history of the students 

involved in this study, the comments of two of the deaf and hard-of-hearing teachers who 

participated in this study bear mentioning. Two of the three deaf and hard-of-hearing 

teachers who participated in the study described less-than-positive experiences with 
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mathematics in their own elementary and secondary school histories. One teacher described 

that mathematics had never been hislher strong suit in school, tracing this to the fact that 

hislher "pull-out time" for speech therapy in elementary school had been during the math 

lesson time, so he/she was always behind in math, and still feels that he/she has never really 

been able to "catch up." Another teacher described that at the residential school for the deaf 

and hard-of-hearing that he/she attended as a child, the mathematics teacher wasn't "fully 

committed" to the students, and left them to figure out the math for themselves. Both of 

these adults had negative feelings toward mathematics as a result of their school experiences. 

One teacher later discovered the redeeming qualities of mathematics in actual usage, in the 

process of taking science courses in college, and is now a favorite mathematics teacher for 

hislher students. The other teacher still struggles with mathematics. 

Summary 

In summary, the deaf and hard-of-hearing students in this study demonstrated a strong 

preference for using skills associated with the Inchworm mathematical problem-solving 

style. It appears that more time in residential educational settings for the deaf and hard-of

hearing may correspond with a greater use ofInchworm-style problem-solving methods and 

skills, while more time in mainstream settings may correspond with a greater balance 

between using Grasshopper-style and Inchworm-style problem-solving approaches, although 

students in both settings had a decided preference for using strategies of the Inchworm-style. 

The researcher suggests that deaf and hard-of-hearing students in both settings should be 

supported and encouraged to become more comfortable with using Grasshopper-style 
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strategies and skills, in order to help them become increasingly successful at mathematics. 

Settings where students and teachers communicate in ASL especially are in a unique position 

to do this by fostering visual-spatial mathematical reasoning through the use of the students' 

own natural language. 

Concerning the Teachers 

The second set of research questions concerns the mathematical problem-solving 

style preferences of the teachers of deaf and hard-of-hearing students. Question 2a asks 

whether the teachers demonstrate a predominant preference for one problem-solving style 

over the other. Question 2b asks whether there is a difference between the mathematical 

problem-solving styles fostered by the teachers in residential educational settings and by the 

teachers in mainstream educational settings. Question 2c asks whether there is a relationship 

between the teachers' educational backgrounds and their mathematical problem-solving style 

preferences. 

Research Question 2a. In general, do teachers predominantly foster one problem

solving style over the other? 

The data indicate that the teachers used a balance of Grasshopper and Inchworm 

approaches overall, but tended to prefer Inchworm approaches on the shape/geometric 

questions. Over the course of the study it became apparent, however, that the data more 

reflected the mathematical problem-solving styles that the teachers prefer to use when 
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solving a problem for themselves, rather than the problem-solving styles they foster among 

their students. 

The teachers were asked to show how they would teach their students to do problems 

similar to the items on the Test of Thinking Style in Mathematics (Chinn, 2002). However, 

some test items involved basic mathematical calculations that are not specifically taught in 

middle school or high school mathematics classes, but might be imbedded in other 

mathematical problems, and other items were designed to be novel problems for which a 

person did not already have a way in which he/she was taught to solve them. When teachers 

encountered a test item that they would not normally teach to their students, they were asked 

to explain the way they would approach the problem if they encountered it while at the board 

in front of their class in the process of solving some other larger problem. In this way, many 

of the teachers used Grasshopper strategies for the items involving basic mathematical 

calculations; however, when they were asked how they would share their reasoning with their 

students, a number of the teachers replied that they would not share these methods with their 

students because it would confuse the students, or it would be over the students' heads. Thus, 

the data collected from the teachers in this study appear to represent a relative balance of 

Grasshopper and Inchworm problem-solving styles within the teachers' own reasoning, but 

may not be truly representational of the mathematical problem-solving styles that the 

teachers foster among their students. 

Indeed, in workshops and presentations for teachers that the researcher has led apart 

from this study, she has found that some teachers who use the most Grasshopper-style 

approaches in response to mathematical questions posed for discussion describe themselves 
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as rigidly teaching Inchworm strategies to their students. One teacher, for example, who 

declared at the beginning of a session, "I make my students show all their work -- every step, 

so they don't make mistakes," personally approached every question during the workshop 

session with Grasshopper-style reasoning. It seems that some teachers use Grasshopper 

strategies when they, themselves, do the calculating, but primarily foster Inchworm strategies 

among their students. 

Future research would do well to investigate the actual classroom practices of 

teachers to discover the extent to which they are fostering Grasshopper and Inchworm 

mathematical problem-solving styles among their students. 

Research Question 2b. Is there a difference between the mathematical problem-solving 

styles fostered by teachers in mainstream educational settings and by teachers in 

residential educational settings? 

The data suggest no significant difference between the mathematical problem-solving 

styles of teachers in mainstream educational settings and teachers in residential educational 

settings. 

It should be mentioned once again that only four teachers from one residential school 

for the deaf and hard-of-hearing participated in this study. A larger study involving a larger 

number of teachers from multiple residential schools is needed in order to develop a true 

picture of the mathematical problem-solving styles used and fostered by teachers in 

residential educational settings for the deaf and hard-of-hearing. 
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Interestingly, for the teachers in the residential setting the distribution of teachers' 

scores looks somewhat similar on the overall profile (Figure 4.13) and on the 

shape/geometric subscale (Figure 4.14); in both cases one teacher scored on the Grasshopper 

side of the spectrum, while three teachers scored on the Inchworm side ofthe spectrum. 

However, the individual teachers exchanged places; the teacher in the residential setting who 

had the strongest preference for Grasshopper methods overall was the same teacher who had 

the strongest preference for Inchworm approaches on the shape/geometric questions. Also, 

one of the teachers in the residential setting with a stronger tendency toward Inchworm 

approaches overall became the only teacher in the residential setting with a slight preference 

for Grasshopper approaches on the shape/geometric questions. This demonstrates that 

individuals can have a preference for using strategies from one mathematical problem

solving style in some situations, and a preference for using strategies from the other style in 

other situations. 

Research Question 2c. Is there a relationship between teachers' preferences for 

mathematical problem-solving style and teachers' educational backgrounds? 

Five aspects of teachers' educational background were explored: years of teaching 

experience, highest mathematics course completed, highest academic degree, grade-level 

setting (middle school or high school), and teaching specialty (special education resource, or 

mathematics). 

The data suggest a weak linear relationship between teachers' years of teaching 

experience and teachers' preferences for mathematical problem-solving style. Larger 
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Grasshopper scores were correlated with more years of teaching experience, and larger 

Inchworm scores were correlated with fewer years of teaching experience. 

It seems natural that an increase in Grasshopper scores would be connected with more 

years of teaching. Increased flexibility in strategy use comes with experience, and teachers 

who have been in the field for a number of years are more likely to have been exposed to a 

variety of curricula and textbooks, in addition to collecting new strategies and methods from 

fellow teachers and from their students. 

The data also suggest a relationship between the level of mathematics courses 

teachers completed in college and teachers' preferences for mathematical problem-solving 

style. Teachers who had completed at least one calculus course utilized more Grasshopper 

strategies, while teachers who had completed only mathematics classes below calculus 

utilized more Inchworm strategies. 

The fact that teachers who had completed higher-level college mathematics courses 

utilized more Grasshopper strategies raises a number of questions. Could it be that more 

math experience fosters more Grasshopper-style strategy use? Or is it that people who take 

higher-level mathematics courses already have developed more Grasshopper-style strategies 

before taking calculus classes? This warrants further investigation. 

The data identified no significant difference in preference for mathematical problem

solving style between the teachers with Bachelor's degrees and the teachers with Master's 

degrees, or between middle school teachers and high school teachers. The data did, however, 

identify a significant difference in preference for mathematical problem-solving style 

between special education resource teachers and mathematics teachers. Resource teachers 
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utilized more Inchworm approaches, while mathematics teachers utilized more Grasshopper 

approaches. It should be noted, however, that these findings are based on the participation of 

only four resource teachers. A larger study involving a greater number of special education 

resource teachers from a variety of school districts would be needed before considering the 

results conclusive. 

Summary 

In summary, the teachers utilized an overall balance of Grasshopper and Inchworm 

mathematical problem-solving styles in their approaches to items on the instrument used in 

this study. This was true both in the residential educational setting and the mainstream 

educational setting. In determining whether teachers' educational background had an effect 

on their mathematical problem-solving style preference, it was found that the number of 

years teaching, the highest mathematics course completed in college, and a teacher's 

specialization (special education resource or mathematics), each were related to teachers' 

preferences for mathematical problem-solving style. The question of whether the overall 

balance of mathematical problem-solving styles found within the reasoning of the teachers 

themselves corresponds to the mathematical problem-solving styles that these teachers foster 

in their classrooms, however, bears further study. 
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Comparing the Students' and Teachers' Styles 

The final research question compares the mathematical problem-solving style 

preferences of deaf and hard-of-hearing students with the mathematical problem-solving 

style preferences of the teachers of deaf and hard-of-hearing students. 

Research Question 3. Is there a difference between the mathematical problem-solving 

style preferences of the deaf and hard-of-hearing students and the mathematical 

problem-solving styles fostered by the teachers? 

The data indicate a difference between the mathematical problem-solving style 

preferences of the deaf and hard-of-hearing students and the mathematical problem-solving 

style preferences of the teachers. The students had a strong preference for Inchworm 

approaches while the teachers demonstrated a relative balance between Inchworm and 

Grasshopper approaches. However, in conversations with individual teachers, it appears that 

while the teachers may utilize a relative balance of Inchworm and Grasshopper approaches 

themselves, they may not be actively fostering this balance in their students. Further research 

is needed to ascertain the factors that contributed to students' strong preference for Inchworm 

approaches while the teachers utilized a relative balance of approaches from both the 

Grasshopper and Inchworm mathematical problem-solving styles. 
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Conclusion 

The intent ofthis study has been to add to the knowledge-base of the "cognitive 

underpinnings oflearning" (Marschark & Hauser, 2008, p. vii) among deaf and hard-of

hearing students by investigating the mathematical problem-solving styles utilized by deaf 

and hard-of-hearing students and their teachers in the mathematics classroom. Marschark 

and Hauser (2008) suggested that mathematics difficulties experienced by deaf and hard-of

hearing students might be related to a "'mismatch' of their skills with the nature of their 

instruction" (p. 11). In the current study, a mismatch was identified between teachers' and 

students' preferences for problem-solving style. However, whether this exemplifies a 

"mismatch" of the students' skills "with the nature of their instruction" has not been 

conclusively determined. 

It appears possible that the differences between teachers' and students' preferences for 

problem-solving style may constitute a mismatch between the problem-solving styles the 

teachers use in their own reasoning and the problem-solving styles inherent in the strategies 

they teach to their students. The students' reliance on strategies of the Inchworm style might 

suggest that the classroom environments of deaf and hard-of-hearing students are focused on 

using one "right" method to reach the answer to a given mathematical question, rather than 

giving students access to multiple methods and encouraging students to find the methods that 

work for them. It might also be that teachers are not fostering the Grasshopper skill of 

visually expressing mathematical relationships. Even teachers in ASL settings may not be 

helping their students to take full advantage of the ways the visual-spatial nature of American 
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Sign Language complements the visual-spatial nature of mathematics. Further research in 

these matters is recommended. 

The goal of this doctoral study has been to contribute to an increase in the success of 

deaf and hard-of-hearing students in mathematics. It is hoped that this research will give 

mathematics educators a unique perspective that can be used to enhance mathematics 

education for deaf and hard-of-hearing students in all educational settings. 
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APPENDIX A 

PERMISSION TO USE THE 

TESTOF THINKING STYLE IN MATHEMATICS 
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RE: test of thinking style for mathematics 
Steve Chinn [steve.chinn@btinternet.com] 

Sent: Saturday,October 09, 2010 1:51 AM 
'To: Erickson, Elizabeth E. (UMKC-Student) 

Dear Elizabeth 

Thank you for your fascinating e-mail. Back in the 1980s I did some work with 
Dr Colin Lane, who worked with deaf and partial hearing children. Form this 
work Colin developed his self-voice echo techniques and we did a small study 
on its use in rote learning multiplication table facts. (Try Google for 'self 
Ivoice scho') 
I 
10f course you can use my test of thinking style. Let me know if I can be of 
lany other help. I am currently working on a diagnosis and assessment book 
I(Routledge) and the test will be a part of that book. 

I 
~ind regards and good luck 
)Steve Chinn 

-----Original Message-----
From: Erickson, Elizabeth E. (UMKC-Student) 
Sent: 08 October 2010 02:14 
~o: steve.chinn@btinternet.com 
Subject: test of thinking style for mathematics 

Dear Dr. Chinn, 

I am a graduate student in mathematics education at the University of Missouri--Kansas 
iCity. 

'I am a great fan of your work, and I have been using what I've learned from your 
iwritings to try to encourage flexibility in mathematical thinking with my students in 
ithe college-level Intermediate Algebra classes I teach. Many of my students have 
ilearning difficulties (some officially diagnosed, some not), and most of them come to 
me having definitely given up on mathematics. I enjoy seeing my students respond with 
"aha!" moments, and maybe become a little less afraid of mathematics. 

For my dissertation work, I am focusing on a different group of students who 
historically have had learning difficulties in mathematics-- deaf and hard-of-hearing 
,students. We have a large deaf and hard-of-hearing population in our area of the 
iU.s., and I work as a mathematics tutor at another college with a large number of deaf 
'and hard-of-hearing students. 

So my request is this. 
I would like to use your test of thinking style for mathematics in my dissertation 
research, if you would be amenable to that. 

Thank you for your time. 

In Christ, 
'Elizabeth Erickson 
""""~_'_'_"'~~ __ '~'_'~_~""_~~_""'_""_"'_""'_"~~"~~"'~ __ ~~'~~~'_~"'~~'_"~ __ ~~ __ ""~ ~, ___ ~, __ .J 
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SSll-lOle 

Dear Parent or Guardian, 

Lisa (Elizabeth) Erickson (913) 782-6985 (voice) 
eeErickson@umkc.edu 

Rita Barger, faculty advisor (816) 235-5655 (voice) 
BargerR@umkc.edu 

I would like to ask your permission for your child to participate in an education research study. 
I am a Ph.D. student at the University of Missouri - Kansas City. For my dissertation I am 
studying mathematical problem-solving styles in deaf education. I hope thatthis study will 
contribute to the current, nation-wide effort to increase student achievement in mathematics and 
science, enabling deaf and hard-of-hearing students to enjoy math more and to be more 
successful in math classes. 

Participation in this study 
I will be individually interviewing the middle school and high school students at the Kansas 
School for the Deaf and the deaf and hard-of-hearing students in the Olathe School District. My 
aim is to interview all deaf and hard-of-hearing students in these two settings, regardless of 
whether they are currently enrolled in a math class or not. During the interview, the student and 
I wiI1look at fifteen math questions and talk about how the student goes about solving them. 
Responses will not be considered "right" or "wrong;" the goal is to look at the ways different 
people approach different math problems (for example, some students prefer to solve math 
problems in their heads, while others like to use pencil and paper). The interview usually takes 
about 45 minutes, although some students take less time and others spend closer to an hour. The 
interviews will be videotaped so that I can review and clarify notes made during the interview. 
As much as possible, these interviews will take place duringfreetime in the school day or after 
schooL Every attempt will be made to ensure that the study' does not interfere with instructional 
time or extra-curricular activities. 

If you agree for your child to participate, I would also ask that you fill out and return the 
demographic survey. 

Benefits and How information gained in the study. will be used 
No direct benefits can be guaranteed to you or your child for participating. The intent of this 
study is to enhance educators' understanding of the problem-solving styles used by deaf and 
hard-of-hearing students in mathematics classes. I will analyze the data gathered in the 
interviews, and attempt to identify some generalizations from it. That should lead to 
recommendations about how to make math classes more accessible to and enjoyable for deaf and 
hard-of-hearing students. Reports using information from this study will not contain any 
individual identifying information of anyone who participated in the study. 

During the study, study data and materials will be shared only with people involved in the study 
(for example I may ask a sign language interpreter to double-check my written description of a 
student's signed statement, or members of my Ph.D. committee may ask to see my notes). After 
this study is completed, I will retain the materials from this study, so that they can be combined 
with infoIDlation from other sources in future similar studies. However, if you would prefer that 
any of your child's data be omi.tted from future studies, feel free to write that at the end of this 
form and I will be happy to comply with your request. 

Version date: 07/25/2011 
UMKC Social Sciences IRB 

Approved 
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Participation is voluntary . 
Each student's participation in this study is v01untary, and participation or non-participation will 
not affect any student's grades. There will be no penalty if you do not wish for your student to 
participate in the study, and he/she may withdraw at any time from the study, or refuse to answer 
any questions. The alternative to participation is not to participate. There are no known risks 
associated with participation in this study, however if a student becomes upset for some reason, 
he/she may choose to talk with a school counselor. 

Statements required by the University of Missouri-Kansas City on research consent forms 
The University of Missouri-Kansas City appreciates the participation of people who help it carry 
out its function of developing knowledge through research. If you have any questions about this 
study you are encouraged to contact Lisa Erickson, the investigator, at eeErickson@umkc.edu 
or (913) 782-6985. 

While every effort will be made to keep confidential all of the information you complete and 
share, it cannot be absolutely guaranteed. Individuals from the University of Missouri-Kansas 
City Institutional Review Board (a committee that reviews and approves research studies), 
Research Protections Program, and Federal regulatory agencies may look at records related to 
this study for quality improvement and regulatory functions. 

Although it is not the University's policy to compensate or provide medical treatment for persons 
who participate in studies, if you thirik your child has been injured as a result of participating in 
this study, please call the IRB Administrator ofUMKC's Social Sciences Institutional Review 
Board at (816) 235-5927. 

Questions 
I would be happy to answer any questions you have. 
Please feel free to e-mail me at eeErickson@umkc.edu or call me at (913) 782-6985. 
You may also contact my research supervisor at BargerR@umkc.edu or (816) 235-5655. 

If you have any questions regarding the rights of a research participant, pJease contact the IRB 
Administrator ofUMKC' s Social Sciences Institutional Review Board at 816-235-5927. 

Authorization 
By signing below you are indicating that you have read and understand this permission letter, 
and give your consent for your child to participate in'this study. You should keep the unsigned 
copy of this form for your records. . 

Printed name of student: ---------------------------------------
Printed name of parent/guardian: _____________________________________ _ 

Signature of parenti guardian: __________________________ ___ Date: -------

Researcher Name: Lisa (Elizabeth) Erickson, M.A. 

Signature: 

Version date: 07/25/2011 

Date: ______ _ 
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Dear Student, 

Lisa (Elizabeth) Erickson (913) 782-6985 (voice) 
eeErickson@umkc.edu 

Rita Barger, faculty advisor (816) 235-5655 (voice) 
BargerR@umkc.edu 

I am doing a research study with deaf and hard-of-hearing students. 
1 want you to participate in my research study. 

What I want from you 
1 want to ask you about 15 math problems. I don't care if you get th~ right answers to these 
problems. I want to know how you do the problems. Why? Different people do math problems 
in different ways. This interview usually takes about 45 minutes. The interviews will be 
videotaped so that I can make sure I wrote my notes correctly. 

If you agree to be in this study, you and your parent(s) or guardian(s) 'will fill out a list of the . 
schools you have attended, and.the math classes you have taken. 

What I will do with this information 
1 will combine your answers with all the other students' answers. Then I will write a report about 
what I find. Individual names will not be used. My report will tell teachers about the ways that 
deaf and hard-of-hearing students chose to do these problems. I want to help teachers make 
math more understandable for deaf and hard-of-hearing students. 

After I finish my report, I will keep the information I gathered in this study. In the future, I may 
use this information again in another study with more students. If you or your parents do not 
want me to use your information after this study, you can write "Do not use my information 
again after this study" at the end of this form. 

You are volunteering to participate 
Each student can choose whether or not to join this study. It wil1 not affect your grades to 
volunteer or not. You can choose to withdraw from the study if you need to, and you can refuse 
to answer any questions. This study is not dangerous. I think you will have fun. But, if you 
become upset, you can talk with a school counselor. 

Questions? 
Questions about this study? Call or e-mail me, or have a parent or counselor call or e-mail me. 
Questions about your rights as a research participant? Call the UMKC IRB at 816-235-5927. 

Permission 
Your signature shows that you understand this letter, and you agree to participate in this study. 

Printed name of student: --------------------------------------
Signature of student: __________________ _ Date: ____ __ 

Researcher Name: Lisa (Elizabeth) Erickson, M.A. 

Signature: ______________________ __ 

Version date: 07/251201] 

Date: _____ __ 
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Dear Teacher, 

Lisa (Elizabeth) Erickson (913) 782-6985 (voice) 
eeErickson@umkc.edu 

Rita Barger, faculty advisor (816) 235-5655 (voice) 
BargeiR@umkc.edu 

I would like to invite you to participate in a mathematics education research study. 
I am working on an Interdisciplinary Ph.D. at the University of Missouri - Kansas City in 
mathematics education and mathematics. For my dissertation I am studying mathematical 
problem-solving styles in deaf education. 

Participation in this study 
J will be interviewing mathematics teachers in the Olathe School District and at the Kansas 
School for the Deaf. I will be interviewing mathematics teachers who have, or have had, deaf 
students in their classes. During the interviews, I will be asking the teachers about the ways they 
prefer to teach certain mathematics concepts. The goal is to look at the ways different people 
approach different math problems. The interview usually takes about 45 minutes. The 
interviews will be videotaped so that I can review and clarify notes made during the interview. 

If you agree to participate, I also ask that you fiJI out and return the demographic survey. 

Research Benefits 
Although no direct benefits can be guaranteed to you for participating, I will be exCited to share 
my findings with you when my research is completed. 

How information gained in the study will be used 
Data from the teacher interviews will be combined and analyzed for similarities and differences 
in problem-solving styles. Interviews will also be conducted with students concerning the same 
mathematics problems. Aggregate data from the student interviews will be analyzed and 
compared with aggregate teacher data. 

Reports using information from this study will not contain any individual identifying information 
of anyone who participated in the study. 

During the study, interview transcripts and video material will be shared only with people 
involved in this study (for example I may ask a sign language interpreter to double-check my 
written description of a deafteacher's signed statement, or members of my Ph.D. committee may 
ask to see my notes). After this study is completed, I will retain the materials from this study, so 
that they can be combined with information from other sources in future similar studies. 
However, if you would prefer that any of your data be omitted from future studies, feel free to 
write that at the end of this form and I will be happy to comply with your request. 

Participation is voluntary 
Participation in this study is voluntary. There will be no penalty if you do not wish to participate 
in this study, and you may withdraw at any time from the study, or refuse to answer any 

Version date: 07/25/2011 
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questions. The alternative to participation is not to participate. There are no known risks 
associated with participation in this study. 

Statements required by the University of Missouri-Kansas City on research consent forms 
The University of Missouri-Kansas City appreciates the participation of people who help it carry 
out its function of developing knowledge through research. If you have any questions about this 
study you are encouraged to contact Lisa Erickson, the investigator, at eeErickson@umkc.edu 
or (913) 782-6985. 

While every effort will be made to keep confidential all of the information you complete and 
share, it cannot be absolutely guaranteed. Individuals from the University of Missouri-Kansas 
City Institutional Review Board (a committee that reviews and approves research studies), 
Research Protections Program, and Federal regulatory agencies may look at records related to 
this study for quality improvement and regulatory functions. 

Although it is not the University's policy to compensate or provide medical treatment for persons 
who participate in studies, if you think you have been injured as a result of participating in this 
study, please call the IRB Administrator ofUMKC's Social Sciences Institutional Review Board 
at (816) 235-5927. 

Questions 
I would be happy to answer any questions you have. 
Please feel free to e-mail me at eeErickson@umkc.edu or call me at (913) 782-6985. 
You may also contact my research supervisor at BargerR@umkc.edu or (816) 235-5655. 

If you have any questions regarding your rights as a research participant, please contact the IRB 
Administrator ofUMKC's Social Sciences Institutional Review Board at 816-235-5927. 

Authorization 
By signing below you are indicating that you have read and understand this permission letter, 
and give your consent to participate in this study. You should keep the unsigned copy of this 
form for your records. 

Printed name of teacher: ___________________ _ 

Signature of teacher: _________________ _ Date: --------

Researcher Name: Lisa (Elizabeth) Erickson, M.A. 

Signature: 

Version date: 07/25/2011 

Date: ______ _ 

UMKC Social Sciences IRB 
Approved 
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Student Demographic Information 

Thank you for agreeing to participate in this study, and thank you for taking the time to fill out this survey. 
If you have any questions, feel free to contact me (913) 782-6985 or eeErickson@umkc.edu. 

Student Name: -----------------------------------------------------------

Current Age: ---- Grade-level: ---- Gender: ----

Degree and type of hearing loss: ________________________ __ 

Age of onset of hearing loss: ______ _ 

Please list each school the student has attended, the age or grade-level when he/she started at that 
school, and the last grade he/she attended at that school. 

School Age/Grade Entered Age/Grade Last Attended 

(Optional:) 

Please list the mathematics courses he/she has taken and the age or grade-level when he/she took each 
course. 

Math Class Age/Grade-Level 



Teacher Demographic Information 

Thank you for agreeing to participate in this study, and thank you for taking the time to fill out this survey. 
If you would prefer to type your responses and attach them to this page, feel free to do so. 
If you have any questions, please contact me (913) 782-6985 or eeErickson@umkc.edu. 

Name: -------------------------------------------------------- Gender: ____ _ 

Degree and type of hearing loss (if applicable): ______________________ _ 

Age of onset of hearing loss (ifapplicable): ______ _ 

Current Teaching Assignment 

School: ________________ _ 

List the classes you are currently teaching, and the grade-levels of students in each. 

Teaching Background 
Describe your teaching experience, including types of classes taught, grade-levels, and schools. 
Also describe any significant non-teaching experience. 

Describe your experience with teaching deaf students. 

Education History 
Describe your post-secondary education, including type of school or college, coursework, and degrees 
earned. Please make special note of mathematics courses taken. 

Describe your elementary through high school education, including type of school, coursework, and 
graduation dates (optional). Please make special note of math and math-related courses taken. 
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APPENDIX D 

DATA ANALYSIS CONCERNING 

GENDER AND MATHEMATICAL PROBLEM-SOLVING STYLE 

Demographic information concerning gender was collected as part of the study to 

describe the overall group of participants in the research. It was not an intention of the study 

to investigate whether there was a relationship between gender and mathematical problem

solving preference. However, since the data indicate a possible relationship, the results of 

statistical analysis concerning gender and mathematical problem-solving style are presented 

here. The data analysis is presented in three parts: the mathematical problem-solving styles 

of all participants, the mathematical problem-solving styles of the student participants, and 

the mathematical problem-solving styles of the teacher participants. 

All Participants 

A plot of the mathematical problem-solving style scores of all the study participants 

organized according to gender is presented in Figure D.I. Summary statistics for the scores 

ofthe participants by gender are presented in Table D.l. 
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Figure D.1 The Distribution of Mathematical Problem-Solving Style Scores 
for Females and Males 

Females .. " . .- 11·1· e '11'" .. ·1 "·11·11···· ·1··············· ·e·········· ........ . .... " .................................... " ......................... . 

Males ...... 11 ............... ".1 .... 11 .• 1 .............. 8 ... " ..................... 11. ............................................................... . 

1 -30 1-25 1-20 1-15 1-10 1-5 o G- 5 G-10 G-15G-20G-25G-30 
Inchworm Grasshopper 

Table D.I Summary Statistics for Mathematical Problem-Solving Style 
Scores of Females and Males 

N Mean Std. Dev. Minimum Ql Median Q3 
Females 35 1-14.46 14.468 1-30 1-26 1-20 1-3 
Males 29 1-11.62 12.330 1-28 1-19.5 I-IS 1-7 

Maximum 
G-19 
G-19 

Overall, the distributions of scores look relatively similar for the two groups. The 

Inchworm style was definitely the preferred style for both females and males; 80% of 

females and 79% of males scored on the Inchworm side of the spectrum. A two-sample t-test 

for independent samples determined that there was no significant difference between the 

mean mathematical problem-solving style scores of the male and female participants overall 

[t(62) = .834,p = .407]. 

A plot of the shape/geometric scores of the male and female participants is presented 

in Figure D.2. Table D.2 displays the summary statistics for the shape/geometric scores of 

the male and female participants. 
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FigureD.2 The Distribution of Shape/Geometric Subscale Scores 
for Females and Males 

Females ···.······1········.·········1·········.·············· ..................................................................... . 

Males ···.········~·········I·········I·········~··········· ....................................................................... . 

1-6 1-5 1-4 1-3 1-2 1-1 0 0-1 0-2 0-3 0-4 0-5 0-6 
Inchworm Grasshopper 

Table D.2 Summary Statistics for Shape/Geometric Sub scale Scores 
of Females and Males 

N Mean Std. Dev. Minimum Ql Median Q3 
Females 35 1-4.26 2.381 1-6 1-6 1-6 1-3 
Males 29 1-3.48 2.627 1-6 1-6 1-4 1-1.5 

As Figure D.2 shows, the distribution of male and female scores on the 

Maximum 
G-2 
G-2 

shape/geometric subscale are very similar. A two-sample t-test for independent samples 

confirmed that there was no significant difference between the mean shape/geometric 

subscale scores of the male and female participants [t(62) = 1.236,p = .221]. 

Concerning the normality assumption underlying the t-tests, on the overall problem-

solving style scale both the Kolmogorov-Smimov test and the Shapiro-Wilk test indicated 

that the scores were not normally-distributed for either the males [D(29) = .165,p = .042; 

W(29) = .909,p = .016], or the females [D(35) = .229,p < .001; W(35) = .840,p < .001]. On 

the shape/geometric subscale both tests again indicated that the scores were not normally 

distributed for either the males [D(29) = .21O,p = .002; W(29) = .854,p = .001], or the 
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females [D(35) = .282,p < .001; W(35) = .757,p < .001]. Thus the results of the t-tests 

should be interpreted with caution. 

Since the normality assumption underlying the t-tests was not validated, non-

parametric Wilcoxon Rank Sum tests were also conducted (see table D.3). Two-sample 

Wilcoxon Rank Sum tests for independent samples determined that there was no significant 

difference between the median mathematical problem-solving style scores of the males and 

females on either the overall scale [We = 1019,p = .110], or shape/geometric subscale 

[We = 1048, p = .204]. 

Table D.3 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Females 35 29.11 1019 
.110 

29.94 1048 
.204 

Males 29 36.59 1061 35.59 1032 

Thus, the t-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was no statistically significant difference in general between the preferences for 

mathematical problem-solving style of the male and female participants on either the overall 

scale or shape/geometric subscale. 

Students 

A plot of the scores ofthe students by gender is presented in Figure D.3. Table D.4 

displays the summary statistics for the scores of the students by gender. 
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Figure D.3 The Distribution of Mathematical Problem-Solving Style Scores 
for Female and Male Students 

Females ... ·." ... ,,·.· ... ·1.·.·.·····.····························· ............................................................................. . 

Males ···· ... ······•· .. ··· .... ·1····.··11· .. ····,,······.·········· .............................................................................. . 

1-30 1-25 1-20 1-15 1-10 1-5 
Inchworm 

o G-5 G-10 G-15G-20G-25G-30 
Grasshopper 

Table D.4 Summary Statistics for Mathematical Problem-Solving Style 
Scores of Female and Male Students 

N Mean Std. Dev. Minimum Ql Median Q3 Maximum 
Females 23 1-22 6.935 1-30 1-26 1-23 1-19 G-4 
Males 22 1-16.5 7.658 1-28 1-21.5 1-17 1-12.5 G-4 

Clearly, the female and male students both preferred Inchworm approaches; all but 

one of the females (96%) and all but one of the males (95%) scored on the Inchworm side of 

the spectrum. However, it appears from Figure D.3 that the distribution of male students' 

scores is spread across more of the Inchworm side of the spectrum, while the female students' 

scores are concentrated toward the end of the spectrum. From Table DA it can be seen that 

the mean and median scores for the female students are both stronger Inchworm scores than 

the mean and median scores for the male students [MFemales = 1-22, MMales = 1-16.5; 

MdnFemales = 1-23, MdnMales = 1-21.5]. A two-sample (-test for independent samples 

determined that there was a significant difference between the mean mathematical problem-

solving style scores of the female and male students [((33.144) = .2.164,p = .038, d = .75]. 

The plot and summary statistics for the shape/geometric subscale scores of the 

students by gender are displayed in Figure DA and Table D.5. 
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Figure D.4 

Females 

The Distribution of Shape/Geometric Subscale Scores 
for Female and Male Students 

··· .. ·······1······ .* ................... " ................... . 

Males ···a········ .. ·········#········· .. ·········•········· .. · ....... . ...................•......................................... 
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Inchworm Grasshopper 

Table D.S Summary Statistics for Shape/Geometric Subscale Scores 
of Female and Male Students 

N Mean Std. Dev. Minimum Ql Median Q3 
Females 23 I-5.26 1.514 I-6 I-6 I-6 I-5 
Males 22 I-3.86 2.642 1-6 1-6 1-5.5 1-1.75 

Maximum 
o (balance) 

G-2 

On the shape/geometric subscale the female and male students both definitely 

preferred Inchworm approaches, as on the main scale; all but one of the females (96%) and 

all but four of the males (82%) scored on the Inchworm side of the spectrum. However, it is 

apparent from Figure D.4 that all but two of the female students' scores are concentrated 

between I-4 and I-6, while the male students' scores are spread across more of the Inchworm 

side of the spectrum. In addition, 16 out of23 (70%) of the female students scored I-6 (the 

strongest shape/geometric score in the Inchworm direction, meaning that Inchworm 

approaches were used on all the shape/geometric questions), while only 11 out of22 (50%) 

of the male students scored 1-6. 
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A two-sample t-test for independent samples determined that there was a significant 

difference between the mathematical problem-solving styles of the male and female students 

on the shape/geometric subscale [t(43) = 2.52,p = .015, d= .65]. 

Concerning the normality assumption underlying the t-tests, on the overall problem

solving style scale both the Kolmogorov-Smimov test and the Shapiro-Wilk test indicated 

that the scores were normally-distributed for the male students [D(22) = .104, p = .200; 

W(22) = .954,p = .381], but not normally distributed for the female students [D(23) = .195, 

p = .023; W(23) = .775,p < .001]. On the shape/geometric subscale both tests indicated that 

the scores were not normally distributed for either the male students [D(22) = .291,p < .001; 

W(22) = .791, P < .001], or the female students [D(23) = .383,p < .001; W(23) = .571, 

P < .001]. Thus the results of the t-tests should be interpreted with caution. 

Since the normality assumption underlying the t-test was called into question, non

parametric Wilcoxon Rank Sum tests were also conducted (see table D.6). A two-sample 

Wilcoxon Rank Sum test for independent samples determined that there was a significant 

difference between the median mathematical problem-solving style scores of the male and 

female students on the overall scale [We = 403,p = .004]. A two-sample Wilcoxon Rank 

Sum test for independent samples also determined that there was a significant difference at 

the . I-level between the median mathematical problem-solving style scores of the male and 

female students on the shape/geometric subscale [We = 460,p = .076]. 
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Table D.6 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-va1ue 

Mean Sum of 
p-va1ue 

Rank Ranks Rank Ranks 

Females 23 17.52 403 
.004 

20.00 460 
.076 

Males 22 28.73 632 26.14 565 

Thus, the t-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was a statistically significant difference between the preferences for mathematical problem-

solving style of the male and female students on both the overall scale and shape/geometric 

subscale. 

Teachers 

A plot of the scores of the teachers by gender is presented in Figure D.5. Table D.7 

displays the summary statistics for the scores of the teachers by gender. The plot and 

summary statistics for the shape/geometric subscale scores of the teachers by gender are 

displayed in Figure D.6 and Table D.8. 

Figure D.S The Distribution of Mathematical Problem-Solving Style Scores 
for Female and Male Teachers 

Females ······.···························t················ .. ·· .................................................................................... . 

Males ................................................................................................................................................. . 

1 -30 1-25 1-20 1-15 1-10 1-5 o G-5 G-10 G-I 5G-20G-25 G-30 
Inchworm Grasshopper 

120 



Table D.7 Summary Statistics for Mathematical Problem-Solving Style 
Scores of Female and Male Teachers 

N 
Females 12 
Males 7 

Figure D.6 

Mean Std. Dev. Minimum QI Median 
o (balance) 14.276 1-27 1-13.25 G-0.5 

G-3.71 11.940 1-15 1-9 G-6 

The Distribution of Shape/Geometric Subscale Scores 
for Female and Male Teachers 

Q3 
G-13 
G-13 

Maximum 
G-19 
G-19 

Females ····•······ .. ·· .. ····· .. 1·· .. ·····,···· .. ··· .. ·· .. ····· .. ·· .. ·· .................................................................. . 

Males .................................... , ....................................... 11. ................................................... . 

1-6 1-5 1-4 1-3 1-2 1-1 0 G-1 G-2 G-3 G-4 G-5 G-6 
Inchworm Grasshopper 

Table D.8, Summary Statistics for Shape/Geometric Subscale Scores 
of Female and Male Teachers 

N Mean Std. Dev. Minimum QI Median Q3 
Females 12 1-2.33 2.605 1-6 1-4 1-3 o (balance) 
Males 7 1-2.29 2.360 1-5 1-4 1-3 G-1 

Maximum 
G-2 
G-l 

The distributions of scores are quite similar between male and female teachers on 

both the overall scale (see Figure D.5 and Table D.7) and shape/geometric subscale (see 

Figure D.6 and Table D.8). A two-sample t-test for independent samples determined that 

there was not a significant difference between the mathematical problem-solving styles of the 

male and female teachers on either the overall scale [t(17) = .579,p = .570], or the 

shape/geometric subscale [t(17) = .04, P = .969]. 
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Concerning the normality assumption underlying the t-tests, on the overall problem-

solving style scale both the Kolmogorov-Smirnov test and the Shapiro-Wilk test indicated 

that the teachers' scores were normally-distributed for both the males [D(7) = .224,p = .200; 

W(7) = .944,p = .675], and the females [D(12) = .129,p = .200; W(12) = .957,p = .741]. On 

the shape/geometric subscale both tests indicated that the teachers' scores were not normally 

distributed for the males [D(7) = .333,p = .018; W(7) = .826,p = .073], but were normally 

distributed for the females [D(12) = .184,p = .200; W(12) = .939,p = .486]. Thus, for the 

t-test concerning the overall mathematical problem-solving style scale the normality 

assumption was validated, but the results of the t-test concerning the shape/geometric 

subscale should be interpreted with caution. 

Due to concerns about the assumptions underlying the t-tests, non-parametric 

Wilcoxon Rank Sum tests were also conducted (see table D.9). Two-sample Wilcoxon Rank 

Sum tests for independent samples determined that there was not a significant difference 

between the median mathematical problem-solving style scores of the male and female 

teachers on either the overall scale [We = 115,p = .672], or the shape/geometric subscale 

[We == 119.5,p = .966]. 

Table D.9 Summary Data for Wilcoxon Rank Sum Tests 
Overall Scale Shape/Geometric Subscale 

N Mean Sum of 
p-value 

Mean Sum of 
p-value 

Rank Ranks Rank Ranks 

Females 12 9.58 115 
.672 

9.96 119.5 
.966 

Males 7 10.71 75 10.07 70.50 
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Thus, the t-tests and Wilcoxon Rank Sum tests concur; the data indicate that there 

was no statistically significant difference between the preferences for mathematical problem

solving style of the male teachers and female teachers on either the overall scale or 

shape/geometric subscale. 

Summary 

In summary, the data indicate no significant difference between the preferences for 

mathematical problem-solving style of the male and female study participants in general. 

The male and female teachers' preferences for mathematical problem-solving style were also 

not significantly different. A significant difference was found between male and female 

students' preferences for mathematical problem-solving style. Further research is needed to 

ascertain possible reasons for and implications of this data. 
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