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Abstract
Research has shown that fraction magnitude and whole number division are important precursors to learning and
understanding fractions. Deaf and hard-of-hearing (DHH) students are consistently challenged with learning
fractions from K-12 through college. Sixty DHH college students were tested for both their understanding of
magnitude between two fractions and their ability to calculate whole number division. The results showed that
both understanding the magnitude between two fractions and whole number division are significantly associated
with accurately calculating arithmetic functions of fractions with like denominators and different denominators
that required them to add, subtract, multiply, and divide two fractions. Understanding fraction magnitude and
whole number division were also significantly associated with their self-rated confidence of math performance
with fractions. Tangentially, DHH college students’ English reading ability was significantly, but modestly
associated with their fraction performance.
Keywords: deaf, fractions, long division, fraction magnitude, mathematics
1. Introduction
1.1 Introduce the Problem
Early mathematical knowledge and skills especially in the area of fractions and whole number division are
extremely important to know in order to survive upper level mathematics courses (Seigler et al., 2012). Fraction
skills are a major part of mathematics to be mastered and become the road to many occupations like nursing,
carpentry, and auto mechanics (Tian & Siegler, 2016). Research shows that young students who fall behind with
fractions and whole number division skills will stay behind throughout high school (Seigler et al., 2012).
Understanding fractions is an essential skill to have if one wants to succeed in math at higher levels including
calculus (Seigler et al., 2011; Bailey, Seigler, & Geary, 2014). “With the proper infusion of precise definitions,
clear explanations, and symbolic computations, the teaching of fractions can eventually contribute to mathematics
learning in general and the learning of algebra in particular” (Wu, 2001). In addition, fractions are necessary for
learning in the physical, biological, and social sciences (Hoyles, Noss, & Pozzi, 2001). Since fraction skills are
critically important for students, it is time to have serious discussions with math educators on how to improve the
teaching and learning of fractions. For example, “On the 1978 National Assessment of Educational Progress
(NAEP), when asked to choose the closest to the sum of 7/8 + 12/13 from the list of 1, 2,19, 21 and “don’t know,”
the proportion of correct answers among eighth graders was 24%” (Carpenter, Corbitt, Kepner, Linquist, & Reys,
1980). Thomas (2010) examined the relationship between fractions and a first year 9th grade algebra course. She
administered a fraction pretest that measures procedural and conceptual fraction knowledge to 107 9th graders
enrolled in her Algebra 1 classes. The results showed that 80% of the students scored below 50% on the fraction
pretest, indicating that they had poor understanding of fraction skills. Students’ understanding of fractions is a
continuing challenge.
Deaf and hard-of-hearing (DHH) students are equally challenged with learning fractions. To date, there is very
little research on DHH students’ learning of fractions including ratio, decimal, and percentage. Co-author Keith
Mousley began researching fractions around 2006 with the focus on why many DHH college students have a
strong dislike for fractions and have not mastered fraction skills by the time they entered college. Based on
interviews with DHH college students, Mousley & Kurz (2015) conducted a study with DHH students, ages 8 to
16 years old that showed they performed at 40% accuracy for identifying which fractions were larger or smaller.
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Furthermore, these students had difficulty in ranking fractions in order of magnitude; ranking fractions using
pictures resulted in 7% accuracy, while using word descriptions resulted in 21% accuracy. These findings
suggest that young DHH students who have some fluency of English reading may generally have a better
understanding of fractions. This study raises many questions and opens the door to further research of DHH
students and the challenges they face in learning fractions.
1.2 Contributions of Whole Number Division to Learning Fractions
Seigler and Pyke (2013) explain why the relation of whole number division to fractions should be obvious. First,
“any fraction can be viewed as a division problem (N/M); in this sense, fractions are division” (p. 1996).
Additionally, there are several other reasons why whole number division might be important to understanding
fractions:
Alone among whole number operations, division often yields fractional answers (e.g., 14 ÷ 3 = 4 ).
Experience with whole number division also could provide knowledge of the magnitude of some fractions
(e.g., 8/2) and a rough sense of the magnitudes of others (e.g., 10/3 is between 3 and 4). In contrast, whole
number additions, subtraction, and multiplication never yield fraction answers and thus, do not present
opportunitites to learn about them (p. 1996).
Furthermore, research has shown that elementary school students’ knowledge of fractions and whole-number
division predicts their mathematics achievement in high school and also has a stronger relation to math
achievement than any other potential predictor variables (Siegler et al., 2012). Knowledge of fraction magnitudes
and arithmetic is correlated for both whole numbers and fractions (Bailey, Seigler, & Geary, 2014). Developing
number sense helps students see how numbers work and relate to each other. For example, developing whole
number skills is necessary before learning fractions. Students need to have a clear understanding that 3 is greater
than 2 before they understand ¾ is greater than ½. “Amounts of practice in whole number and fraction arithmetic
could be correlated due to children’s school programs emphasizing arithmetic practice” (Bailey, Seigler, &
Geary, 2014).
In any learning setting, it is important to see the different kinds of activities. One kind of activity is rote practice.
In many cases, students may memorize and then forget. Lack of comprehension could hinder the learning of
fractions. Several research studies have brought up conceptual and procedural knowledge because both are
essential to understanding whole numbers and fractions (Hiebert & LeFevre, 1986; Rittle-Johnson & Siegler,
1998). Numerical development clearly includes many important acquisitions other than knowledge of numerical
magnitudes, such as learning to count and to solve arithmetic problems (Siegler, Thompson, & Schneider, 2012).
This is a major challenge for all math educators, but especially for educators of DHH students.
1.3 Research Questions
There are four research questions for this study of DHH college students using a modified methodology based on
the research of Siegler & Pyke (2013).
1)

Is there an association between understanding magnitude of fraction and fraction skills?

2)

Is there an association between long-division skills and fraction skills?

3) What is the confidence level of the DHH participants based on their understanding of fraction magnitude
and whole number division for calculating each part of this math test consisting of fractions and whole number
division?
4)

Is there an association between reading literacy and math performance with fractions?

2. Method
2.1 Participants
The research participants were 60 DHH college students enrolled in mathematics courses at the National
Technical Institute for the Deaf (NTID). Previous mathematical research with DHH college students suggests a
large effect size for math problem solving (Kelly & Mousley, 2001; Kelly, Lang, Mousley, & Davis, 2003; Kelly,
2008), Cohen’s (1977) sample size table for a three-group design to obtain power of .80 with a large effect
requires a minimum of n = 21 per group, and for two group comparisons a minimum per group of n = 26. The
analyses presented in this research meet both of these requirements. While recruitment of participants resulted in
slight unequal n per group, analysis of variance is sufficiently robust to violations of the assumption of equal n,
provided the size of groups is reasonably similar (Stevens, 1996). No adjustments to the data were made.
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The NTID/RIT Institutional Review Board approved this study and data collection occurred during the
2014/2015 academic year. The DHH participants were recruited from both basic and advanced NTID algebra
courses to assure that a range of math skills were represented in this study. Student participants were paid $20
USD for their participation in this research. Table 1 shows how the 60 participants were organized into three
groups based on their ability to correctly assess the magnitude of fractions. Table 2 shows the relevant
demographic information for the three groups organized by correct magnitude comparsion performance.
Table 1. Three groups based on correct performance comparing magnitude between two fractions
Group Status
Low
Middle
High

Number Per Group
22
18
20

Performance Percentage Correct Range
12.5% to 50%
56.3% to 81.3%
93.8% to 100%

Table 2. Demographic information for three groups based on magnitude comparison performance
Demographics
Age
ACT Math Score

Fraction Magnitude Performance
Low
Middle
21.2 (3.4)
20.6 (2.5)
16.5 (1.9)
17.4 (2.2)

High
20.7 (3.1)
20.1 (5.2)

NTID Reading Score

100.4 (18.1)

112.1 (38.9)

119.0 (22.5)

Significance
n.s.
High > Low, p < .005
Other comparisons = n.s.
n.s.

Table 3 shows how the same 60 participants were organized into two groups based on their ability to correctly
solve whole number division problems. Table 4 shows the demographic information for the two groups
organized by long division performance.
Table 3. Two groups organized based on performance with long division of whole numbers
Group Status
Low
High

Number Per Group
28
32

Performance Percentage Correct Range
13.3% to 66.7%
80% to 100%

Table 4. Demographic information for two groups based on long division performance
Demographics
Age
ACT Math Score
NTID Reading Score

Long Division Performance
Low
21.3 (3.4)
17.1 (3.5)
113.8 (27.6)

High
20.6 (2.6)
18.6 (3.6)
105.9 (28.1)

Significance
n.s.
n.s.
n.s.

2.2 Materials
The math test used to address the research questions consisted of 71 total mathematical problems divided into
four parts typical of fraction and long division problems in math classes. Examples of each set of mathematical
problems as they were presented to the DHH college student participants in the math test are provided below:
1). Magnitude comparison between two fractions = 16 items.
DECIDE which one is larger (>), smaller (<) or equal to (=).
For example:

1
3
<
2
4
____

____

____

____

2). Arithmetic operations of two fractions with the same denominators = 20 items.
Do NOT use your calculator. Perform the operations. Show all your work. Reduce if needed.
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1 3
3 1
2 1
5 1
+ =
− =
÷ =
∗ =
8 8
4 4
3 3
6 6
3). Arithmetic operations of two fractions with different denominators = 20 items.
Do NOT use your calculator. Perform the operations. Show all your work. Reduce if needed.
1 2
+ =
3 5
4). Whole Number Division = 15 items.

5 1
− =
6 4

2 3
÷ =
7 8

5 2
∗ =
6 5

Do NOT use your calculator. Divide the number by hand. Show all your work.
56 ÷ 8 =
306 ÷ 9 =
91 ÷ 4 =
25 ÷ 8 =
After each set of problems, students were asked to rate their confidence on a 10-point Likert scale with the
appropriate description inserted into the blank (fraction magnitude; fractions with like denominators, fractions
with different denominators, or long division):
How confident are you for doing these type of ______________ problems?
1

2

3

4

5

6

not sure

7

8

9

10
really sure

Test reliability was calculated using Cronbach’s alpha (α) for internal consistency for the following: fraction
assessment (α = .75); total test assessment (α = .83); and confidence assessments (α = .83). Nunnally
(1978) recommends a minimum level of .7 for Cronbach’s alpha, while Pallant (2013, p. 104) states
values above .8 are preferable, and Salkind (, 2014, p. 119) indicates reliability coefficients should be
as large as possible between .00 and +1.00.
3. Results
3.1 Research Question 1
To examine whether there is an association between DHH college students’ understanding of magnitude of
fractions and fraction skills, a mixed between-within subjects ANOVA was conducted to assess any differences
between the three groups based on those who scored low, middle, and high on the 16-item test of magnitude
comparison and their performance on two 20-item tests consisting of like denominators and different
denominators that required them to add, subtract, multiply, and divide two fractions. There was no significant
interaction between group and performance with like or different denominators, Wilks’ Lambda = .93, F (1, 57)
= 2.11, p = .13, ηp2 = .07, observed power = .42. There was a significant main effect for the within subject math
performance on like versus different denominators, Wilks’ Lambda = .78, F (1, 57) = 15.85, p = .0005, ηp2
= .22, observed power = .98. In addition, the main effect comparing the three groups’ (low, middle, high on
fraction magnitude test) performance was significant, F (2, 57) = 25.40, p = .0005, ηp2 = .47, observed power =
1.00, indicating that one’s understanding of fraction magnitude does influence one’s performance in calculating
arithmetic functions on fractions with like and different denominators. The Bonferroni method for conducting
pair-wise multiple comparisons showed that the Low versus Middle groups were not significantly different in
performance (Mdiff = 2.18, p = .25, CI95 = [-5.23; .87]; SE = 1.24). However, the High fraction magnitude group
performed significantly better than both the Low group (Mdiff = 8.33, p = .0005, CI95 = [5.37; .11.29]; SE = 1.20)
and the Middle group (Mdiff = 6.15, p = .0005, CI95 = [3.04; 9.26]; SE = 1.26). Table 5 provides the means and
standard deviations for the three fraction magnitude groups’ performances calculating arithmetic functions on
two fractions with like versus different denominators.
Table 5. Fraction magnitude groups’ arithmetic performance on fractions with like vs. different denominators
Fraction Magnitude Groups
Low
Middle
High

Mean (SD)
Like Denominators
8.82 (4.3)
10.39 (3.5)
15.80 (3.6)

Mean (SD)
Different Denominators
5.32 (4.3)
8.11 (6.4)
15.00 (4.2)

15

N
22
18
20
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3.2 Research Question 2
To examine whether there is an association between DHH college students’ whole number division performance
and fraction skills, a mixed between-within subjects ANOVA was conducted to assess any differences between
the two groups’ (High > 80% corrrect; Low < 67% corrrect on 15-item long division test of whole numbers)
performances on the two 20-item tests consisting of like denominators and different denominators that required
them to add, subtract, multiply, and divide two fractions. There was no significant interaction between group and
performance with like or different denominators, Wilks’ Lambda = 1.0, F (1, 58) = 2.11, p = .88, ηp2 = .00,
observed power = .05. There was a significant main effect for the within subject math performance on fractions
with like versus different denominators, Wilks’ Lambda = .79, F (1, 58) = 15.70, p = .0005, ηp2 = .21, observed
power = .97 (Like Denominator M = 11.5, CI95 = [10.3; 12.6], SE = .57; Different Denominator M = 9.2, CI95 =
[7.7; 10.8], SE = .79). Also, the main effect comparing the two groups’ (low and high on test of long division
with whole numbers) performance was significant, F (1, 58) = 10.68, p = .002, ηp2 = .16, observed power = .90
(Low M = 8.3, CI95 = [6.5; 10.1], SE = .92; High M = 12.4, CI95 = [10.7; 14.2], SE = .86), indicating that one’s
whole number division skills does influence one’s performance in calculating arithmetic functions on fractions
with like and different denominators. Table 6 provides the means and standard deviations for the two low and
high long division groups’ performances for calculating arithmetic functions on two fractions with like versus
different denominators.
Table 6. Long division groups’ arithmetic performance on fractions with like vs. different denominators
Long Division Groups
Low
High

Mean (SD)
Like Denominators
9.46 (3.4)
13.50 (5.1)

Mean (SD)
Different Denominators
7.14 (5.9)
11.34 (6.3)

N
28
32

3.3 Research Question 3
To examine the confidence level of the three groups of DHH college students based on their understanding of
magnitude of fractions, a 3 x 4 mixed between-within subjects ANOVA was conducted to assess any differences
between the three groups for performing with each of the four parts/sets of the math test (fraction magnitude, like
denominator fractions, different denominator fractions, and whole number division). There was no significant
interaction between group and confidence self-ratings for calculating each of the four test sets, Wilks’ Lambda
= .85, F (6, 110) = 1.55, p = .17, ηp2 = .08, observed power = .58. There was a significant main effect for the
four confidence ratings, Wilks’ Lambda = .57, F (3, 55) = 13.60, p = .0005, ηp2 = .43, observed power = 1.00.
In addition, the main effect comparing the three groups’ (low, middle, high on understanding fraction magnitude)
confidence levels was significant, F (2, 57) = 12.27, p = .0005, ηp2 = .30, observed power = .99, indicating that
one’s understanding of fraction magnitude does influence one’s confidence levels on all four parts/sets of the
math test. Bonferroni multiple comparisons were Low versus Middle (Mdiff = .13, p = 1.0, CI95 = [-1.31; 1.56];
SE = .58), High versus Low (Mdiff = 2.42, p = .0005, CI95 = [1.03; 3.81]; SE = .56), and High versus Middle
(Mdiff = 2.54, p = .0005, CI95 = [1.08; 4.01]; SE = .59). Table 7 presents the means and standard deviations for
each group’s confidence levels per the four sets of problems.
Table 7. Confidence means (SD) of low, middle, and high fraction magnitude groups per problem sets
Fraction Magnitude Groups
Low = 22
Middle = 18
High =20

Fraction
Magnitude
5.36 (2.2)
5.17 (2.2)
8.2 (1.9)

Like Denominator
6.36 (2.5)
6.39 (2.4)
8.00 (2.2)

Different
Denominator
4.64 (2.5)
4.67 (2.4)
7.5 (2.4)

Long Division
6.36 (3.1)
6.00 (2.8)
8.7 (1.8)

To examine the confidence level of the two groups of DHH college students based on their performance
calculating long division of whole numbers, a 2 x 4 mixed between-within subjects ANOVA was conducted to
assess any differences between the two groups (low versus high for calculating whole number division) for
performing with each of the four parts/sets of the math test (fraction magnitude, like denominator fractions,
different denominator fractions, and whole number division). There was a significant interaction between group
and confidence self-ratings for calculating each of the four test sets, Wilks’ Lambda = .83, F (3, 56) = 3.89, p
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= .014, ηp2 = .17, observed power = .80. There was a significant main effect for the four confidence ratings,
Wilks’ Lambda = .60, F (3, 56) = 12.57, p = .0005, ηp2 = .40, observed power = 1.00. In addition, the main
effect comparing the two groups’ (low versus, high on whole number division) confidence levels was significant,
F (1, 58) = 14.95, p = .0005, ηp2 = .21, observed power = .97, indicating that one’s skill in calculating whole
number division does influence one’s confidence levels on all four parts/sets of the math test, (Low M = 5.42,
CI95 = [-4.69; 6.15]; SE = .37); High M = 7.35, CI95 = [6.67; 8.04]; SE = .34). Table 8 presents the means and
standard deviations for the confidence levels on a 10-point Likert rating scale.
Table 8. Confidence means (SD) of low versus high long division groups per problem sets
Long Division Groups
Low = 28
High =32

Fraction
Magnitude
5.75 (2.4)
6.69 (2.5)

Like Denominator
6.14 (2.6)
7.59 (2.2)

Different
Denominator
4.43 (2.5)
6.63 (2.6)

Long
Division
Whole Numbers
5.36 (2.8)
8.50 (2.0)

3.4 Research Question 4
To examine whether there was an association with reading literacy and fraction math performance, the sixty
DHH participants were grouped into Lower, Middle, and Higher reading levels relative to their NTID Reading
Placement Test scores administered to all incoming NTID students. The students’ scores on this 200-point test
were categorized as follows: Lower reading levels scored in the range of 0 to 99; Middle reading levels scored in
the range of 100 to 119; and Higher reading levels scored in the range of 120 to 172.
A mixed between-within subjects ANOVA was conducted to assess any differences between the three reading
level groups and their performance on the three sets of fraction tests: magnitude, like denominators, and different
denominators. There was no significant interaction between group and performance with the three sets of
fractions tests, Wilks’ Lambda = .98, F (4, 112) = .23, p = .92, ηp2 = .01, observed power = .10. There was a
significant main effect for the within subject math performance on the three sets of fraction tests, Wilks’ Lambda
= .78, F (2, 56) = 7.81, p = .001, ηp2 = .22, observed power = .94. In addition, the main effect comparing the
three reading level groups’ performance was significant, F (2, 57) = 4.66, p = .013, ηp2 = .14, observed power
= .76, suggesting that DHH college students’ English reading ability does have an association with their
performance in calculating magnitude and arithmetic functions on fractions with like and different denominators.
The Bonferroni method for conducting pair-wise multiple comparisons showed that the Lower versus Middle
reading level groups were not significantly different in performance (Mdiff = .27, p = 1.00, CI95 = [-3.20; 3.75];
SE = 1.41). However, the Higher reading level group performed significantly better than either the Lower
reading level group (Mdiff = 3.33, p = .045, CI95 = [.06; 6.61]; SE = 1.33) and the Middle reading level group
(Mdiff = 3.61, p = .029, CI95 = [.28; 6.93]; SE = 1.35). Table 9 provides the means and standard deviations for the
three reading level groups’ performances calculating magnitude between two fractions and arithmetic functions
on two fractions with like versus different denominators.
Table 9. Reading level groups’ fraction magnitude and arithmetic performance on fractions with like versus
different denominators
Reading Level Groups
Lower
Middle
Higher

Mean (SD)
Fraction Magnitude
9.68 (4.8)
9.78 (4.0)
12.65 (3.6)

Mean (SD)
Like Denominators
10.47 (4.8)
10.17 (3.3)
13.70 (5.3)

Mean (SD)
Different Denominators
8.11 (6.1)
7.50 (4.9)
11.91 (7.1)

N
19
18
23

4. Summary and Discussion
The math test used in this research to assess the DHH college students’ fraction skills and confidence levels had
an acceptable level of internal consistency based on Cronbach’s alpha (α): fraction assessment (α = .75); total
test assessment (α = .83); and confidence assessments (α = .83). All fractions and long division math
problems in this study were typical of problems presented in middle school through high school math
classes.
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4.1 Summary of Findings
1) Research Question 1: DHH college students’ understanding of fraction magnitude was clearly associated
with calculating arithmetic functions on fractions with like and different denominators accounting for 47% of the
variance in performance. The high group consistently performed significantly better than either the low or
middle groups (see Table 3).
2) Research Question 2: DHH college students’ skill in whole number division was also associated with
calculating arithmetic functions on fractions with like and different denominators accounting for 16% of the
variance in performance. The high group consistently performed significantly better than the low group (see
Table 4).
3) With respect to the within subjects main effect of fractions with like versus different denominators, the
fractions with different denominators were significantly more challenging for DHH college students, accounting
for 22% of the variance in performance for research questions 1 and 2 respectively.
4) Research Question 3: With respect to DHH college students’ self-rated confidence levels for calculating
each of the four parts of the math test (fraction magnitude, like denominator fractions, different denominator
fractions, and whole number division):
o The significant difference between the three groups organized by understanding of fraction magnitude
accounted for 30% of the variance in their self-rated confidence, with the high group consistently exhibiting the
most confidence (see Table 5).
o The significant difference between the two groups organized by long division skills accounted for 21% of
the variance in their self-rated confidence, with the high group consistently exhibiting the most confidence (see
Table 6).
5) Research Question 4: DHH college students’ English reading level also had a significant but modest
association on their calculation performance on the three sets of fraction tests (magnitude, like denominators, and
different denominators) accounting for 14% of the variance in performance. The higher-level reading group
consistently performed significantly better than both the lower and middle reading groups (see Table 7).
4.2 Discussion
These research findings with deaf students are consistent with other research studies with hearing students. It
cannot be emphasized enough that students need to master whole number skills including magnitude and basic
operations before getting into any fraction discussion. Understanding the size of fractions is crucial prior to
introducing the basic operations because fraction magnitude knowledge promotes fraction arithmetic skill (Fuchs
et al., 2013, Bailey, Siegler, & Geary, 2014). In other words, each student needs to master fraction magnitude
before learning fractions operations.
Gabriel (2016, p. 37) describes a number of common errors that both children and adults, make when dealing
with fractions:
•

applying procedures without understanding the underlying concepts

•
wrongly processing numerators and denominators as two separate whole numbers, then applying
procedures that are used only with whole numbers resulting in mistakes such as
o

adding or subtracting fractions (e.g., 1/3 + 1/2 = 2/5)

o

comparing fractions (e.g., 1/7 > 1/3 because 7 is larger than 3)

•

considering fractions as being entities smaller than one

•

have difficulties placing fractions on number lines

These examples of common errors apply to DHH students in K-12 through college who struggle with fractions.
Students need to continue to focus on the number line for both whole numbers and fractions. They need to really
understand the size of the fraction. They also need to understand the function of fractions. The students need to
be able to figure out and understand where fractions are located on the number line. Mastering the two-step
problem is a necessary skill in order to advance to higher-level math. By mastering whole number division skills
without a calculator is a good start. The task of adding or subtracting fractions can wait until long division skills
are mastered. Seigler and others have pointed out that students need to continue to work on whole numbers in all
four operations before doing fractions. The studies also stress the importance of mastering basic arithmetic
before learning fractions which then leads to success in higher level of mathematics. Hiebert & LeFevre (1986)
stressed that teachers should focus on conceptual and procedural mathematical skills especially when doing
18
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two-step problems or more. One recently study (Gabriel et al., 2013) showed primary school children mastered
the part-whole and proportion categories, but struggled to see fractions as numbers, and noted that equivalent
fractions are very difficult to understand. This leads to not understanding operational procedures for doing
fractions. Gabriel also suggested that more instructional time should be allocated to practice and exercises on
procedures.
Recommendations for teachers are:
•

Work with number lines with whole numbers then practice magnitude differences of whole numbers.

•
Make sure students’ understand the difference between ½ and 1/3, then work toward more complex
fractions. Once that is mastered, place fractions on a number line and practice fraction magnitude.
•

Thinking out loud during problem solving (Mousley & Kelly, 1998) promotes conceptual knowledge.

•

Have students talk or sign about the fractions to guide their thinking.

•

Expose students to real life experience involving fractions as much as possible.

•

Work with fractions with a positive attitude in every course (subject).

•

Limit usage of calculators until skill is mastered.
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