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Abstract
This research examined the ability of deaf and hearing college students' to
transfer and apply their math computation and problem-solving skills to similar problems
presented under different conditions. Four classes of deaf students enrolled in NTID math
classes and a comparison group of hearing college students were given math problems to
solve that were presented graphically and in word problem format. The problems were

matched for similarity and difficulty for the two conditions. The results showed that both
the deaf and hearing college students were comparable in their performance to transfer
and apply their math skills to solve the varied problem sets within the graphic condition
and the first problem set of the math word problems. When comparing performance
between the graphic and word conditions, the data show that the hearing college students
performed consistently across both conditions. In contrast, the deaf college students'
problem solving performance was not consistent across the graphic and word conditions.
A comparative analysis with respect to reading abilities showed that deaf students with
reading levels at the 9.3 grade level or higher performed significantly better on the more
complex and difficult word problems when compared to the deaf students grouped by 8th
and 7th grade reading ranges. While the performances of the deaf students in the 7th and

8th grade reading ranges were nearly the same, the higher level deaf readers' problem

solving performance across both the graphic and word problem conditions approximated
that of the hearing comparison group. Finally, the problem solving performance of both
hearing and deaf college participants was influenced by the increase in problem
complexity and difficulty.
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Deaf and hearing students' transfer and application of skill in math problem solving

Introduction

This research examined deaf and hearing college students' transfer and
application of their math computation and problem solving skills to similar problems
presented under two different conditions

a visual condition in which the problems were

presented graphically and a word problem condition. Problem solving is the identification
and application of previous experience, knowledge, and skills that.result in solutions to
problems (Biehler & Snowman, 1997). A successful problem solver must be able to
recognize similarities between a current problem and previous problem experiences, as
well as identify the relevant information within the problem necessary to develop a
correct solution. Transfer of learning refers to when students independently apply
previously learned knowledge and problem-solving skills to similar but new situations.
The ability to transfer learning is the hallmark of independent learners and problem
solvers. Similar to problem solving skills, developing the ability to transfer learning is not
intuitive or automatic. "If you want transfer, teach for transfer" (Biehler & Snowman,
1997, p. 389).

Historically, "specific transfer" was used to distinguish transfer that occurred due
to specific similarities between two tasks from "general transfer" that involves the use of
the same cognitive strategies (Ellis, 1978). More recently, Salomon and Perkins (1989)

further elaborate specific and general transfer as low-road transfer and high-road
transfer. Low-road transfer refers to a situation in which a previously learned skill is
nearly automatic in retrieval and application to a similar task. For example, a student is
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demonstrating low-road transfer when they have mastered skills such as addition,

subtraction, and multiplication and correctly use them without prompting in a variety of
different problem situations to arrive at correct solutions. For example, if students have
demonstrated their mastery in calculating the surface area of two-dimensional objects,
and without prompting, they can use their previously learned skill to calculate the total
surface areas of multidimensional objects, then they are exhibiting low-road transfer of
their skills. To develop one's ability to use low-road transfer, it is necessary to have
repeated practice with varied materials in different settings. High-road transfer involves
formulating rules for one task and applying them to related tasks. It involves a conscious
effort to formulate a rule, analogy, or strategy in order to make connections between two
or more tasks. Salomon & Perkins (1989) refer to this thoughtful process of formulating
and applying a general rule to different looking, but similar tasks as mindful abstraction.
It also requires repeated opportunities and practice to develop.

Within the context of low-road transfer, this study examined between subjects
(deaf and hearing college students) transfer of learning performance on similar math
problems within and across the graphic and word conditions. Other variables examined
were performance relative to increased difficulty within each condition and the influence
of reading levels on deaf students' problem solving performance. The specific research
questions were:

1.

Are there any differences between deaf and hearing college students in their
ability to transfer and apply their computation and math solving skills to
similar problems within the graphic or word problem conditions, as well as
between the two conditions?
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2. Do reading levels of deaf college students influence their problem solving
performance for either the graphic or word conditions?
3. Does increasing the complexity of the problems similarly influence the
problem solving performance of both the deaf and hearing college students for
either the graphic or word conditions?

Procedures

Four classes of deaf college students (n = 37) enrolled in NTID math classes and
one comparison group of hearing college students (n = 12) were given a total of 30 math
problems to solve that were presented under graphic and word conditions. For both
conditions, the problems were similar (except the numbers to calculate were different)
and sequenced to be increasingly more complex. The computation skills needed to solve
these problems required multiplication, or a combination of addition, subtraction and
multiplication. There were 15 equivalent problems presented within each condition
similarly sequenced in three sets of five problems. The first set of five problems was twodimensional requiring multiplication to calculate the area of a flat surface. The second set
of five problems also required multiplication to calculate area while increasing the
difficulty by requiring addition to or subtraction from the area. The third set of five
problems further increased difficulty by adding a third dimension to the calculation of flat
surface areas and also required the computational skills of multiplication, addition, and
subtraction. An example from each of the three sets of math problems presented in the
graphic and word problem conditions are provided below:
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16 inches

First set example
(total = 5 problems)

12 inches

A=

20 ft

Second set example
(total = 5 problems)

4 ft

9ft

A=

15 ft

Third set example (five problems

Total Surface Area

8 ft

9ft

Upon completing the 15 graphic math problems, the students were given 15 similar
word problems that matched the difficulty and shapes of the graphic problems. For
example:

First set example (total of 5 problems). The floor of a deck measures 16 ft by 12 ft.
What is the area of the deck floor?
Second set example (total of 5 problems). A room measures 10 feet in length and 8
feet in width, with a closet that measures 2 feet by 4 feet. What is the total floor area
of the room and closet?
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Third set example (total of 5 problems). In a warehouse room, the men would like to
paint the walls and ceiling. The dimensions of the room are 20 feet long by 16 feet
wide by 8 feet high. What is the total surface area of the four walls and a ceiling for
the men to paint?
Results

The results showed that increased problem complexity similarly influenced the
performance of both the deaf and hearing students. The data presented in Table 1 indicate
that, regardless of hearing status, all students scores declined as problem complexity and
difficulty increased from problem sets 1 through 3.

Table 1. Comparison of mean scores of deaf and hearing college students for solving
similar math problems presented graphically and as word problems.

Word Math Problems

Graphic Math Problems
1

2

3

Total

1

2

3

Total

Class 1 (n=8)

4.9

4.1

2.3

11.3

3.9

2.9*

1.7*

8.4*

Class 2 (n=10)

4.8

3.0*

2.4

10.2

4.3

2.6*

1.6*

8.5*

Class 3 (n=8)

4.9

3.1*

2.6

10.6

4.6

2.4*

1.6*

8.6*

Class 4 (n=11)

5.0

3.9

2.3

11.2

4.5

1.5*

.18*

6.2*

Hearing students
comparison
group (n=12)

5.0

4.1*

3.7

12.8

4.9

4.4*

3.4*

12.8*

Significance
(F test)

ns

p<.05

ns

ns

ns

p<.01

P<.01

p<.01

Group
Deaf students

Significant group
comparisons = *
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For the graphically presented problems (sets 1, 2, 3, & total) and the least difficult
word problems (set 1), the performance pattern of the deaf students was generally
comparable to the hearing students, and not statistically different. The exception involved
the students in two classes (2 and 3) for the math problems presented in graphic set 2.
This seems to be an anomaly, however, because the other two classes of deaf students
performed comparably to the hearing students, and all of the deaf students performed
equally well on the graphically presented math problems in sets 1 and 3, resulting in no
significant differences for the total score. However, this was not the case when
comparing performances of the deaf and hearing college students between the graphic
and word conditions. The problem solving performance of the hearing students remained
consistent for the graphic and word problems, while the deaf students' problem solving
performance showed a sharp decrease with the word problems presented in sets 2 and 3
of the word condition. The problem solving performance of the deaf students in each of
the four different classes when compared to the hearing comparison group was
significantly different for word problem sets 2 and 3, as well as for the total on the word
problems.

With respect to the variable of reading ability, Table 2 compares the mean scores
of the participating deaf college students grouped by lower and higher reading level.
Since this study used intact classes created by the natural enrollment patterns, students

were not originally grouped by reading level. To examine three groups of distinctly
different reading levels, students with reading scores in the ranges of 7.8 or lower, 8.08.8, and 9.3 or higher were grouped accordingly.
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Table 2. Comparison of mean scores of deaf students' grouped by reading levels for
solving similar math problems presented graphically and as word problems.

Word Math Problems

Graphic Math Problems
Group
Lower level
readers m = 7.1
range = 6.6 - 7.8

1

2

3

Total

1

2

3

Total

5.0

3.5

2.7

11.2

4.0

1.9*

1.3

7.2*

5.0

3.4

2.4

10.8

4.1

1.8*

.9

6.8*

4.8

4.1

2.5

11.4

4.8

3.3*

2.1

10.2

ns

ns

ns

ns

ns

p< .05

ns

p< .05

(n = 10)

Middle level
readers m = 8.5
range = 8.0 8.8
(n = 10)

Higher level
readers m =10.1
range = 9.3-11.1
(n = 10)

Significance
(F test)
Significant
comparisons = *

As the data show in Table 2, the deaf students in the three grouped categories of reading
levels performed comparably on the math problems in the graphic condition and for set 1

of the word problems. The problems in the graphic condition required no reading while
the first set of the word problems was the least complex/difficult. However, as problem
complexity and difficulty increased in sets 2 and 3 of the word condition, students with
the higher reading levels demonstrated better problem solving performance. In fact, their
pattern of performance looked similar to the comparison group of hearing students. What
is surprising is that the problem solving performance of the deaf students in the middle
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reading level range (8.0
level range (6.6

8.8)) was nearly identical to the students in the lower reading

7.8).

Discussion

Given their similarity in performance with the graphic problems and the least
complex word problems, the data suggest that the deaf college students' computation and
solving skills for these kind of problems are comparable to their hearing peers. Since the

computational requirements were the same for both the graphic and word conditions, the
deaf students' decline in performance with the word problem condition cannot be
attributed to a lack of math computation and problem solving skills. Previous research
(Pau, 1995) has shown that reading comprehension is a factor affecting younger deaf
students' performance with math word problems. Thus, it was plausible to assume that
reading ability could also explain this decline in performance with the more difficult

word problems. The generally lower reading skills of deaf college students' could likely
have hindered their ability to recognize the similarity of the math problems in the word
condition to the almost identical problems that they successfully solved in the graphic
condition. Not recognizing the similarity of the word problems to the graphic problems

would have prevented them from utilizing low-road transfer of skills to solve the
problems. The comparative analysis with respect to the measured reading grade levels of
the participating deaf students presented in Table 2 shows that reading ability contributes
to the deaf students performance in solving the more difficult math word problems.
Also, the qualitative comments of a number of deaf students in the middle and
lower reading levels suggest that a learned avoidance response behavior could very well
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be another contributing factor to their continuing difficulty with word problems. For
example, their comments included:

When I see a word problem, I won't do it.
I don't understand the word problem and I won't do it.
When I see it (word problem), my mind freeze.
I always avoid it, I can't do it.
There are too many words, It confused me more.
Other qualitative statements made by the deaf students further illustrate their avoidance to
word problems. Their emotions appear to be excessively strong and they are clearly
willing to lose points rather than take the risk of attempting to solve the word problems.
Why do we have to do the word problems? Are these problems exactly exist on
the job?
I know I don't need to do this because future job this won't happen. So therefore I
won't waste my time with this.
This anecdotal information shows that the students do not understand the value to them of
developing the analytical skills needed to problem solve, especially with math word
problems.

Salomon & Perkins (1989) offer a number of suggestions to develop low-road and
high-road transfer skills of students. Their suggestions include: 1) provide multiple
opportunities for varied practice; 2) give opportunities to solve problems similar to ones
students will eventually have to solve; 3) teach how to formulate a general rule, strategy,

or schema that can be used with a variety of similar problems; and 4) give cues that will
help students retrieve from memory earlier- learned information. The development of
good problem solving skills and the ability to transfer one's problem solving skills to
different problem situations do not occur naturally for most students. Teachers must
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provide multiple opportunities and repeated, varied problem solving experiences to
enhance the development and fluency for problem solving and transfer of learning.
Based on previous research (Mous ley & Kelly, 1998) and classroom experiences,

the authors suggest the following instructional strategies to enhance the development of
deaf students' problem solving skills.
Teach all steps of the problem solving process. Do not assume that the students
understand. Repetition and practice are critical to developing problem solving
experience.
Teach transfer of learning by providing diversity in problem solving experiences
and explaining how to recognize similarities between problems presented
differently. Don't assume that transfer is intuitive or automatic for the students.

Do not avoid word problems. Deaf students need to be provided on-going solving
experiences with word problems that require learning transfer throughout their
school years to minimize anxiety and encourage them to take risks in trying to
solve increasingly difficult problems.
Provide repeated modeling to explain and demonstrate how to analyze the
components of a word problem. It is erroneous to assume that English language
skills and reading levels are the primary factors that hinder deaf students' ability
to solve word problems and transfer their learning. The data presented here
suggest that deaf students' performance with math word problems can be
attributed partly to learned behaviors and partly to a lack of experiences in
analyzing and reformulating word problems in appropriate ways that they then
can apply their math skills to arrive at a solution.
Show students that they have the computation and problem solving skills when
working with math problems under the graphic condition. The key issue for
teachers is to convince students that their computation skills are sufficient for any
word problem and their problem solving skills are applicable to word problems.
Provide connections between math word problems and examples from a variety of
activities in the work world.
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