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The present study was conducted to evaluate the problem-solving ability of children with hearing impairment. The
performance of a group of children with hearing impairment (HI Group) was compared to that of a group of children
with normal hearing (NH Group). The participants were asked to solve two types of mathematical problems: those
requiring computation alone and word problems requiring the use of both language and mathematical computation.
The results of this study revealed that there were no significant differences between the HI Group and NH Group in
the ability to solve mathematical equations involving the use of language and mathematical computation problems.
Additionally, it was found that problem-solving ability was related to language ability, but not to hearing ability in

the children with hearing impairment.

Introduction

In the United States educational system, a majority of
children with hearing impairment who use an aural/oral mode
of communication are mainstreamed into conventional schools
rather than receiving their education in special schools for the deaf
or hearing impaired. As a part of the assessment of educational
abilities and needs in the mainstream, these children are evaluated
using standardized measures of intelligence, language ability, and
academic achievement. Special intervention is provided when
achievement or abilities are found to be below expectations on these
standardized measures. Existing standardized measures provide
a description of specific abilities and disabilities of children with
hearing impairment. However, in most cases, these measurements
provide minimal information about how the impairment may affect
the child’s ability to learn, to apply knowledge, and to function in
the school environment.

Successful functioning depends on the ability to solve a
variety of problems to assist the individual in reaching diverse
goals. New problem-solving skills are acquired at each stage of
the developmental and educational process. In the present study,
the interest was on the ability of children with hearing impairment
to apply knowledge by solving problems that were relevant to the
child and required the use of different processes than the tasks used
on standardized intelligence and language tests. The primary issue
was to determine if the cognitive function of children with hearing
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impairment differs from children with normal hearing on higher-
level tasks that require or do not require the use of language.
Function and Disability

Over the past several decades, research has been conducted
by individuals and the World Health Organization (WHO) on the
description of function and dysfunction and on the methods for
assessing functional outcomes for person with disabilities (Granger,
1984; Nagi, 1965,1991; Pope & Tarlov, 1991; WHO, 1980, 1997,
1999, 2000, 2001).
person with hearing impairment, the description of the disability

To determine functional outcomes for a

begins with the specification of the disability in terms of hearing,
but it extends to the effects of hearing impairment on all other
aspects of functioning. For example, hearing impairment may
affect the ability to measure intelligence, and it may also affect
the acquisition of knowledge. It may affect the ability to acquire
language, which in turn may affect any activity requiring the use of
language. Thus, improvement of functional outcomes for children
with hearing impairment depends on an understanding of the
consequences of hearing impairment for a wide range of activities
that are essential for functional adequacy.

The WHO (2001) developed the International Classification
of Functioning and Disability (ICF), which is a general system for
classifying and listing the consequences of all types of impairments.
Anindividual’s ability to function can be viewed from an individual
perspective and from a societal perspective. The individual
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perspective involves the execution of a task or action by a person.
The societal perspective is the involvement of a person in a life
situation (WHO, 2001). The application of this system to hearing
impairment reveals that the consequences of hearing impairment
have the potential for pervasive effects on the functioning of an
individual (Fisher & Thelin, 1999). The WHO model has many
uses, but, in the present study, it was used to identify the aspects of
function and dysfunction that were considered to be most important
to children with hearing impairment.

In the WHO model (2001), the term “functioning” is used
to describe the activity of and participation in fundamental life
processes, such as learning, applying knowledge, communication,
mobility, self-care, social/

relationships, employment and

community life. Each process is composed of elements that
provide a description of the multi-tiered nature of each process.
For example, the process of applying knowledge includes focusing
attention, thinking, reading, writing, calculating, and problem
solving.

Problem Solving

Problem solving is the means by which previously acquired
knowledge, skills and understanding are used to satisfy the demands
of an unfamiliar situation (Krulick & Rudnick, 1988). Thornton
(1995) proposed that the psychological processes necessary for
problem solving are a part of a “baby’s basic endowment” (p. 32).
She also states that the processes used in problem solving depend
on the information or knowledge base of the child. In other words,
the richer the child’s knowledge base, the easier it is for the child
to figure out how to solve a problem.

Problem solving can be considered in the context of thinking
as a whole. Several hierarchies and frameworks of thinking have
been proposed (Anderson, 1983; Gardner, 1983; Johnson-Laird,
1983; Perkins, 1981). Marzano et al. (1988) proposed a framework
in which thinking has four dimensions: metacognition, critical/
creative thinking, thinking processes and thinking skills. This
framework, which has been diagrammed in Figure 1, illustrates
that each successive dimension is embedded in the preceding
dimension. Metacognition is the awareness and control over one’s
own thinking and includes commitment, attitudes, and attention.
Critical thinking is reflective thinking that is focused on deciding
what to believe or do. Creative thinking is the ability to form new
combinations of ideas to fulfill a need. Thinking processes are
macro-level operations involving the combination of thinking
skills in predictable sequences. Examples of thinking processes
are problem solving, concept formation and composing. Thinking
skills are specific or micro-level operations, such as focusing,
analyzing, integrating and evaluating. Thinking skills require the
use of language and involve the application of knowledge. An
individual cannot define a problem without having knowledge of

the problem area or the language to label or describe the problem.

As there are frameworks for thinking, there have been several
theories or models of problem solving proposed (Anderson,
1983; Edeh, 2007; Newell & Simon, 1972; Van Dijk and Kintsch,
1983; Wickelgren, 1974). Polya (1957) advanced a model for
understanding problem solving thatis widely accepted by educators.
The elements of this model are the abilities to (1) understand the
problem, (2) devise a plan, (3) carry out the plan and, (4) evaluate
the solution. When proceeding through this problem-solving
process, an individual must have a knowledge base to apply to the
problem situation.
Problem Solving and Hearing Impairment

The acquisition and use of a knowledge base are dependent on
language and thinking skills. Children with hearing impairment
may have a diminished knowledge base and language impairment,
In addition, the ability to
apply knowledge may be affected by the presence of a language

due to decreased auditory input.

impairment in children with hearing impairment. For example,
children with hearing impairment are less likely to “overhear”
information. This reduction in incidental learning may result in
negative consequences of knowledge acquisition (Carney & Moeller,
1998). To further compound the problem, a limited knowledge base
may affect the acquisition of additional knowledge (Paul, 2007).
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Figure 1. Framework for Developing Thinking
(Adapted from Schirmer, 2001; Based on Marzano, et al. 1988)
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The most debilitating aspect of hearing impairment is not the
loss of hearing, but the subsequent language impairment that may
be a result of insufficient auditory input (deVillers & deVillers,
1978; Erber, 1982; Ling, 1984; McAnally, Rose, & Quigley, 1994).
The central focus of educating children with hearing impairment
has been and continues to be language acquisition (Easterbrooks &
Baker, 2002). However, children with hearing impairment continue
to demonstrate reading and writing skills significantly below those
of individuals with normal hearing (Karchmer & Mitchell, 2003;
Moores, 2000; Schirmer, 2000).

The degree to which language abilities are affected in children
with hearing impairment depends on several factors which include
the age of onset, the degree and the type of hearing impairment, the
age of identification and amplification, and the amount and type of
habilitation (Lenneberg, 1967; McKay, Sinisterra, McKay, Gomez,
& Lloreda, 1978; Quigley & Kretschmer, 1982; Yoshinaga-Itano,
Sedey, Coulter & Mehl, 1998). The language impairment that is a
consequence of hearing impairment may affect the development
of all components of language: phonology, syntax, semantics,
pragmatics, reading, and writing (Paul, 2007).

In spite of hearing and language impairments, children with
hearing impairment are not considered to be cognitively impaired.
Standardized measures of intelligence contain a verbal section
and a performance section. The combination of the scores from
these two sections yields a full scale intelligence quotient (IQ)
and component scores: verbal intelligence quotient (VIQ) and
performance intelligence quotient (PIQ). For individuals who are
hearing impaired, the VIQ is almost always poorer than the PIQ
with the VIQ usually being lower than the normal limit (Ross,
Brackett, & Maxon, 1991). It can be assumed that the VIQ is
affected by the language impairment, which is the consequence
of a hearing impairment. Therefore, the PIQ provides a measure
of intelligence that minimizes the effect of the language deficit.
When the PIQ is used alone as a measure of cognitive ability, there
is evidence to suggest that no major quantitative differences exist
in the range of cognitive abilities between individuals who are deaf
and individuals who have normal hearing (Braden, 1984; Braden,
1994; Zwiebel, 1991).

Data from numerous investigators indicate that, on the
average, children with hearing impairment are behind their hearing
peers in academic achievement (Brackett & Maxon, 1986; Hine,
1970; Karchmer & Mitchell, 2003; Marschark, 2006; Meadow-
Orleans, 2001; Moores, 2003; Nunes & Constanza, 1998; Paul
& Young, 1975; Peckham, Sheridan, & Butler, 1972; Quigley &
Thomure, 1968; Steer et al., 1961; Swanwick, Oddy, & Roper,
2005; Trybus & Karchmer, 1977). However, the body of literature
about problem-solving skills in children with hearing impairment
is small. Several investigators have recognized that children with
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hearing impairment have difficulty functioning outside of the
educational environment (Greenburg & Kusche, 1989; McGehee
& Prendergrass, 1979; Martin, 1984; Rohr-Redding, 1985). It
is their interpretation that these children have poor problem-
solving skills, although this interpretation was made without the
benefit of formal assessment. To teach problem solving, they
implemented intervention strategies demonstrating that children
with hearing impairment proceed through the same stages of
cognitive development as children with normal hearing. However,
the children with hearing impairment in these studies were not
compared directly to children with normal hearing. Therefore, it is
not known whether children with hearing impairment ever achieve
the same level of problem-solving ability as their hearing peers.

Luckner and McNeill (1994) compared the problem-solving
ability of children with hearing impairment to those of children
with normal hearing on a formal test of logic called the Tower of
Hanoi -- a task with considerable complexity. Because the task
requires minimal use of language (as is the case for the performance
portion of an IQ test), it was expected that the children with hearing
impairment would perform similarly to their peers without hearing
impairment. The results of this study revealed that the children
with hearing impairment were delayed in their ability to solve
problems when compared to their hearing peers.

The ability to apply knowledge is a component of functioning.
Problem solving is one form of the application of knowledge.
Luckner and McNeill (1994) found that children with hearing
impairment performed significantly poorer than their hearing
peers when performing a nonverbal problem-solving task. The
two groups were not equated on language because the task was
non-linguistic; however, if language has a relationship to problem-
solving ability, a difference in language ability could explain the
results of the study.

A different approach to studying problem solving was a
single participant study by Fisher (2000), who was interested in
the ability of the parent and the teacher to estimate the problem-
solving ability of a child with hearing impairment. She found that
on a language-based problem-solving test, the child in the study
did very poorly. This was in marked contrast to the report of the
teacher and the parent who indicated the child’s problem-solving
skills were good. This suggests that informal impressions of
problem-solving ability may not be accurate even by individuals
who know the child well. Although the participant in this study
exhibited a moderate language delay, her scores were poorer on
the language-based problem-solving test than other children with
comparable language impairments. Based on this finding, it was
hypothesized that children with hearing impairment would have
more difficulty on the language-based problem-solving test than
other children with similar language abilities.
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Vaden (2001) measured the language-based problem-solving
test scores of children with hearing impairment and related them
to language ability and vocabulary. On average, problem-solving
ability was one standard deviation below the mean with a wide
range of performance from above normal to well below normal
on the tests. However, Vaden found that the performance on the
language-based test of problem solving could be predicted with
great accuracy from combined measures of receptive language,
expressive language and receptive vocabulary. These results
suggest that children with hearing impairment may have good
problem-solving skills if their language and vocabulary skills are
also good.

In summary, the literature on problem solving in children
with hearing impairment provides an incomplete description of
the factors of greatest importance. Informal estimates of problem
solving may be misleading (Smiley & Welch, 2004). Children
with hearing impairment perform poorer than their hearing peers
on non-verbal problem-solving tasks; however, language ability
may be the missing factor (Luckner & McNeill, 1994). Language-
based problem solving appears to be related to language ability
and especially receptive vocabulary (Vaden, 2001).

The present study was conducted to extend the understanding
of the effects of hearing impairment on problem-solving ability — a
functional skill requiring the application of knowledge. Participants
with hearing impairment were required to solve mathematical
problems that involved and did not involve the use of language.
The performance of these participants was compared to participants
who had no hearing impairment and who had comparable PI1Qs and
language quotients (LQs). The primary research questions were
as follows: Does the ability of children with hearing impairment
differ from the ability of children with normal hearing to solve
mathematical problems requiring computation alone? Does the
ability of children with hearing impairment differ from the ability
of children with normal hearing to solve mathematical word
problems requiring the use of both language and mathematical
computation?

Methods
Participants

The participants in the present study were two groups of
school-aged children with 13 in each group. The experimental
group was composed of children with hearing impairment (HI
Group). The control group was composed of children with normal
hearing (NH Group). The two groups were matched on gender,
grade level, intelligence and language ability. The descriptive
statistics for each qualification parameter for both groups are
presented in Table 1. The criterion level for significance was p = .05
for these tests and all subsequent statistical tests.

All participants were from monolingual homes in which

Table 1. Summary statistics for participant qualification tests.

HI Group NH Group HI — NH Difference
Sex 7 males; 7 males;
6 females 6 females
Grade
4" 5 7
5t 4 4
6" 4 2
Mean Age + SD 10.38 +1.12 10.15+ .80 0.23
(Range) (9-12) 9-11)
#(24) = 0.60,
p=0.55
Mean LQ + SD 84.69 + 18.9 88.46 +17.98 -3.77
(Range) (50-112) (55-115)
1(24)= -0.52,
p=0.60
Mean PIQ + SD 102.77 + 11.90 98.54 +6.57 4.23
(Range) (84-130) (83-107)
1(24)= 1.12,
p=027
Mean PTA + SD 61 +11.54 N/A N/A
(Range) (45-88)

Note: SD = standard deviation; PTA = pure tone average

English was the only language spoken. Participants were selected
who had no known physical or mental disabilities other than those
considered in the present experiment. The participants were
enrolled in the 4%, 5% or 6™ grade in a regular school.

All participants in this study were required to have normal
nonverbal intelligence or PIQ, as measured by the Wechsler
Intelligence Scale for Children — III (WISC-III; Wechsler, 1991).
The WISC-III is commonly used in school standardized testing as
an evaluation instrument for intelligence. Normal PIQ was defined
as an IQ score within the low average to above average range.
PIQ scores were obtained either from a participant’s academic
record or from the administration of the WISC-III by a licensed
psychological examiner as a part of this study. As shown in Table
1, the mean PIQ scores were not significantly different for the two
groups.

All participants were evaluated for language ability using the
Clinical Evaluation of Language Fundamentals (CELF-3: Semel,
Wiig, & Secord, 1995), which is a test of receptive and expressive
language. The CELF-3 is one of the most commonly used tests by
speech-language pathologists in school settings. Language was
considered to be impaired if the standard score was more than 1.25
standard deviations below the mean (standard score <81). Language
quotient (LQ) scores were obtained either from a participant’s
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academic record or from the administration of the CELF-3. If the
student had not been given the CELF-3 within nine months prior to
participation in the study, a speech-language pathologist, a trained
graduate student in speech-language pathology or the primary
investigator administered the test. Five of the 13 participants in
each group were considered to have a language impairment based
on the LQ score while the other eight participants in each group
had normal language ability. As shown in Table 1, the mean LQ
scores were not significantly different for the two groups.

In the HI Group, the degree of hearing impairment was
determined by using the average of the pure tone air conduction
thresholds at 500, 1000, and 2000 Hz in the better ear. Participants
in the HI Group had hearing impairments ranging in degree from
moderate to severe (Table 1). In addition, the following descriptions
applied to each participant in the HI Group:

1. Hearing impairment was either known or assumed to be
a congenital impairment;

2. Amplification was worn on a regular basis as reported by
the participant and/or the parent;

3. Oral communication was the primary mode of
communication; and

4. Education was provided in a regular school rather than a
special school for the deaf.

The participants in the NH Group were given a pure tone
hearing screening (500, 1000, 2000 and 4000 at 20 dB HL). Each
participant passed the hearing screening at all frequencies in both
ears.

Problem-Solving Materials and Procedures

The problem-solving test used for the present study was
constructed of problems that were taken from a math series, Math
Advantage (Burton et al., 1999) published by Harcourt Brace.
Math Advantage is based on Polya’s (1957) approach to problem
solving. The key words -- understand, plan, solve and look back --
are used in every lesson as a method to teach the thinking process to
students. Each textbook in this series for Kindergarten through 8"
grade is accompanied by a separate problem-solving workbook.

Inthe construction of the test for this study, word problems were
selected from each of the problem-solving workbooks for 27 — 8
grade. Problems were selected from the 2™ - 8™ grade workbooks
to develop a problem-solving test with a level of difficulty below
and above the grade level of each of the participants in this study
(4™ — 6™ grade). For each workbook, problems were chosen to
represent a distribution of information covered throughout each
grade level.

The problem-solving test contained two types of math
problems. The following is an example of a word problem: “Sue
has eight pencils. She gives four of the pencils to Bob. How
many pencils does Sue have left?” Each computation problem
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was constructed to match a word problem in the mathematical
computations to be performed and in the computational difficulty.
For the example above, an equivalent computation problem would
be (7—3 = _ ). Each part of the test contained 21 problems
(three from each grade level) for a total of 42 problems. Within
each of the two parts, problems were arranged progressively in
grade-level order. That is, for both the computation and the word
problem tests, the 2 grade problems were at the beginning of the
test with each successive grade level following up to the 8" grade
problems.

The word problems contained in the test were analyzed for
readability using the Flesch-Kincaid Grade Level Formula (Flesch,
1948). The readability for all sets of problems was either at or
below grade level from which they were chosen.

The experimental procedures and instructions that were
adopted for the administration of the mathematical test items were
based on the observation of participant performance and on data
obtained in a pilot study. Participants were allowed to have as
much time as they needed for each part of the test. Participants
were not allowed to use calculators while completing the test. The
investigator had the participants read the first two word problems
aloud. After this point, the participants were allowed to read the
problems without assistance but were instructed to ask for help
if there was a word that was unknown. Each participant was
encouraged to show his/her work for each problem. All questions
had a single answer and were scored as either correct or incorrect.
Vocabulary Assessment

After a child satisfactorily completed the requirements for
participation in this study, the Peabody Picture Vocabulary Test —
Third Edition (PPVT-III; Dunn & Dunn, 1997) was administered.
The PPVT-III is a test of receptive vocabulary used to assess
receptive semantic ability. Children with hearing impairment
typically receive PIQ testing and language testing in a school setting;
however, vocabulary testing is not routinely performed. Vaden
(2001) found that language-based problem-solving ability could
be predicted by using receptive vocabulary, receptive language
and expressive language scores. For this reason, the PPVT-III was
used, not as a means of qualifying participants, but as an additional
language test that might be related to the problem-solving ability
of the children with hearing impairment in the present study. The
PPVT-III was administered by the primary investigator or a trained
graduate student in speech-language pathology.

Experimental Test Protocol

Parents of potential participants were contacted by professional
(e.g.,
and audiologists) of the investigator. If the parent agreed to be

acquaintances speech-language pathologists, teachers,
contacted, the investigator was given the name of the parent. Prior

to being selected to participate in this study, each parent completed
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a questionnaire to ensure that the potential participant met the
qualifications for the study. The parent/guardian also completed
an informed consent form giving permission for their child to
participate in the study. Each child gave assent to participate in
the study.

Each child in this study participated in a single test session
ranging in time from 60 to 180 minutes. In all testing sessions,
snacks and frequent breaks were given to minimize participant
fatigue. The testing sessions were divided into three sections:
problem-solving tests, language tests, and intelligence test. The
order of presentation of the sections was counterbalanced among
participants. In addition, the order of the presentation of the
computational test and the word problem test was counterbalanced
among participants. The vocabulary and the problem-solving
tests were administered to all of the participants as a part of the
study. The PPVT-III took approximately 15 minutes to administer.
The problem-solving tests took approximately 45 minutes for the
participants to complete. Additionally, for the participants who
needed to complete language testing and/or an intelligence test,
it took approximately 60 minutes for each of these tests to be
administered.

Data Analysis

An independent samples #-test was used to determine if there
were differences among the groups on the qualification criteria of
PIQ and LQ. One sample ¢-tests were used to determine if the
group means for PIQ and LQ were significantly different from the
test means of 100. A multivariate analysis of variance (MANOVA)
was used to determine differences between the performance of
the HI Group and the NH Group on the computational problems
and the word problems. Additional analyses were made using a
multiple linear regression.

Results

Descriptive Measures of the HI and NH Groups

Qualification tests (PIQ and LQ) were used to match the HI
and NH Groups in the present study. These tests also provide a
description of the level of functioning of the two groups. The
mean PIQ was 103 for the HI Group and 99 for the NH Group.
Neither of the mean scores for PIQ was significantly different from
the mean standard score of 100 [HI Group: #(12) =.839, p = .418;
NH Group: #(12) = -.803, p = .438]. For language, the mean LQ
was 85 for the HI Group and 88 for the NH Group. Although these
scores are within normal limits using accepted clinical criteria,
they are significantly lower than the mean standard score of 100
[HI Group: #(12) =-2.920, p = .013; NH Group: #12) =-2.314,
p=.039].

The mean vocabulary test score was 86 for the HI Group and
94 for the NH Group. These scores are not outside the normal range
using accepted clinical criteria; however, they are significantly
lower than the mean standard score of 100 [HI Group: #(12) = -
2.198, p = .048; NH Group: #(12)=-2.174, p=.050]. Thus, PIQ
for the HI Group and NH Groups is not different from normal;
however, the scores are significantly lower than the mean standard
score for LQ and vocabulary for both groups.
Problem-Solving Abilities

A summary of the data for the problem-solving tasks for the
HI and NH Groups is shown in Table 2. The number of correct
answers ranged from 2/21 to 19/21, which indicates that there
were no end effects due to either total failure to perform the task
or perfect performance. On average, participants in the HI Group
scored slightly better than the participants in the NH Group for
both tasks.

The difference in performance for the HI and NH Groups was
analyzed using a MANOVA that had one factor (group) with two

Table 2. Summary data for the HI Group and the NH Group on the computational and word problems tests.

HI Group NH Group HI — NH Difference
Mean COMP + SD 9.92+4.42 8.54+2.93
(Range) (5-18) (4-14) F=(2,23)=0.497
p=.615
Mean WORD + SD 8.54+5.29 7.46 +4.03
(Range) (2-19) (3-17)

Note: The scores are reported as number of items correct with a possible maximum score of 21.
COMP = computation problem test; WORD = word problem test
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levels (HI or NH) and two dependent variables (computation and
word problems). There was not a significant difference between
the HI Group and the NH Group for either the word problem scores
or the computation problem scores [F (2, 23) = 0.497, p = .615].
These results indicate that problem-solving ability is not different
for these groups.

The computation problem test and the word problem test were
designed to be equivalent in respect to the mathematical operations
to be performed and in computational difficulty. However,
The
correlations between the computation problem test score and the

the word problem test had the added factor of language.

word problem test score were significant and strong for both the HI
Group (r = .889; p =.000) and the NH Group (r= .759; p =.003).
These correlations indicate that performance on the computation
problem test and the word problem test were related despite the
added component of language in the word problems.

The scores on the word problem test were lower than the
scores on the computation problem test for both groups. In the
HI Group, the score on the word problem test was 14% lower,
and in the NH Group, it was 13% lower. When the difference
between the computation problem test and the word problem test
was considered independently for each group, the difference was
not significant. However, when the results for the two groups were
pooled, the computation problem test scores were significantly
better than the word problem test scores [#(25) = 2.524, p = .018].
Relationship of Degree of Hearing Impairment to Other
Measures

The attempt was made to determine if there was a relationship
between degree of hearing impairment and any of the other
measures of participant performance in the present study. Pearson
product-moment correlation coefficients were calculated between
measures of participant performance and degree of hearing
impairment. Hearing loss was not significantly related to the
ability to solve computation problems (r = .302; p = 1), the ability
to solve word problems (r =.102;p=1),PIQ (r=-.137;p=1),LQ
(r=-.170; p = 1) or receptive vocabulary (r =-.072; p = .815).
Predicting Problem Solving

A multiple regression analysis was performed to determine
the ability to predict problem-solving ability using PIQ, LQ
and vocabulary. The advantage of the multiple regression over
correlations is that the contributions of all of the factors are
considered simultaneously. It was found that the PIQ score did
not contribute significantly to the predictions and, therefore, it
was dropped as one of the predictive tests. When the LQ and
vocabulary scores were used as the predictors in the regression
analysis for both parts of the problem-solving test, the analysis
yielded the following equations:

34

HI Group:

predicted computation problem score =
2.653 +.214 (vocab) - .131 (LQ) [R =.749]
F(2,10)=6.375, p=.016

predicted word problem score =
-6.726 +.240 (vocab) - .062 (LQ) [R = .892]
F(2,10)=19.369, p<.0005

NH Group:

predicted computation problem score =
3.606 -.095 (vocab) +.157 (LQ) [R =.771]
F(2,10)=7.343, p=.011

predicted word problem score =
-13.296 + .124 (vocab) +.103 (LQ) [R =.710]
F(2,10)=5.074, p=.030

Based on adjusted r? scores, the relationship between the
performance on the computation test and LQ and vocabulary
explain a similar amount of variance for each group. In the HI
Group, LQ and vocabulary account for 47% of the variability in the
performance on the computation test. In the NH Group, LQ and
vocabulary account for 51% of the variability in the performance
on the computation test.

The performance on the word problem test is related more
strongly to language and vocabulary in the HI Group than in the
NH Group. For the HI Group, language and vocabulary account
for 75% of the variability in the performance on the word problem
test. In the NH Group, language and vocabulary account for only
40% of the variability in the performance on the word problem
test.

Discussion

When the primary investigator in the present study served as
an educational consultant to public schools, there was a concern
that PIQ and LQ scores were being used to determine whether
or not children with hearing impairment needed support services
in order to function in the regular classroom. Children with
hearing impairment were achieving scores within the normal
limits on comprehensive language assessments, as well as on the
performance section of an IQ test. However, when these children,
who were assessed as having normal language and PIQ, were asked
to function in the regular classroom without the support of the
speech language pathologist or other support staff, they were not
able to do so successfully. As a result, there was the concern that
PIQ and LQ may not adequately represent the level of functioning
of children with hearing impairment.
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In an effort to understand the relationship between formal
test scores (i.e., intelligence and language) and the aspects of
functioning that might be expected in an educational setting, the
investigators in the present study used the WHO ICF model of
functioning and disability (2001). In this model, PIQ and LQ
scores would be considered to be descriptions of an individual at
the impairment level. In addition, the ICF provides a model for
describing functioning beyond the impairment level by providing
a way to describe the consequences of impairments on the daily
activities and functioning of an individual. The information
that can be obtained by using the ICF for the description of the
consequences of hearing impairment and language impairment
is extensive and complex. Therefore, when applying the WHO
model to hearing impairment, it is evident that there are a large
number of potential consequences of hearing impairment on
a person’s everyday life (Fisher & Thelin, 1999). Based on the
large number of possible consequences of hearing impairment, the
investigators in this study concluded that the measure of LQ and
PIQ (impairment level) may not be enough to understand how a
child functions in the classroom (activity and participation levels).
For the present study, the activity of problem solving was chosen
because of its relevance in the classroom, as well as in everyday
life.

The results of this study indicate that there is no significant
difference between the performance of the HI group and the NH
group on the problem-solving task using mathematical problems.
Furthermore, when mathematical problems were divided into those
using language and those involving mathematical computations,
the two groups’ performance was not significantly different.
Additionally, it was determined that among children with a
moderate to severe degree of hearing impairment, there is no
relationship between degree of hearing loss and problem-solving
ability on either of the mathematical tasks. The implication of these
findings is that the deficits noted in problem-solving ability by the
present investigators, previous investigators, classroom teachers
and speech-language pathologists are closely related to language
ability and not degree of hearing loss.

The tasks in the present study were constructed to evaluate
problem solving. They were modeled on a widely used mathematics
curriculum for elementary school children based on Polya’s (1957)
model of problem solving. The findings in this study have two
important implications. First, the knowledge of a child’s language
ability may serve as a useful predictor of function as defined by
the WHO Model. One problem with the use of the WHO model
is that, although it provides a comprehensive model of functioning
and disability, it would be difficult to measure all aspects of
function for an adequate description. Therefore, the results of the
present study provide preliminary evidence to support the idea that

when language is age appropriate, the function of problem solving
should be age appropriate, as well.

Normal language development has been documented in
children with hearing impairments who were identified, amplified,
and provided with intervention prior to six months of age
(Yoshinaga-Itano et al., 1998). In their study, children who were
identified early showed significantly higher LQs than children
who were identified after six months of age. The average LQ for
children (with normal cognitive skills) identified by six months
of age was 91.3; whereas, children identified after six months had
a mean LQ of 70.2. Yoshinaga-Itano and her colleagues have
concluded that, without early intervention, language development
is delayed. However, if early intervention is provided before six
months of age, the expectation is that language development will
be normal. The results of the present study extend the findings of
the Yoshinaga-Itano et al. study and indicate that problem solving,
which is a higher level cognitive function, should be commensurate
with language ability in children with hearing impairment.
Therefore, if a child with hearing impairment develops normal
language skills, the results of the present study would suggest
there is reason to expect that cognitive abilities, such as problem-
solving skills, may develop normally, as well. If this is borne out
by subsequent research, then it greatly increases the justification
for Early Hearing Detection and Intervention programs.

The second implication of the present study is that children
with hearing impairment can solve problems requiring the use of
the principles in Polya’s model as well as children with normal
hearing and equal language abilities. Therefore, the cognitive
processes used by children with hearing impairment do not appear
to be different from those of children with normal hearing — at least
based on the tasks performed in the present study. These findings
were not expected at the outset of the present study. It was the
hypothesis of the investigators that the problem-solving ability of
children with hearing impairment might be fundamentally different
than children with normal hearing even when the language ability
of the two groups of children was not significantly different.

Problem-solving ability, a necessary skill for educational
achievement, has the potential of being negatively impacted by
the disability of hearing impairment (WHO, 2001). It is also a
topic that classroom teachers and speech language pathologists
have discussed with the investigators as an area of functional
inadequacy for a significant percentage of children with hearing
impairment. In previous studies on problem solving, children with
hearing impairment have not performed as well as children with
normal hearing. One explanation offered by the investigators of
those studies is that problem-solving ability may be affected by
language ability for tasks requiring the explicit use of language
(Vaden 2001) and for tasks considered to be nonverbal (Luckner
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& McNeill, 1994).
present study in which it was found that when language ability

This was supported by the results of the

was controlled, children with hearing impairment performed with
the same proficiency as their normal hearing peers on a functional
problem-solving task.

Attempting to control language ability was not without its
problems because the majority of children with hearing impairment
also have some degree of language impairment. Therefore, during
the selection of participants the investigators found it necessary
to compare some of the children with hearing impairment and
language impairment to children who have normal hearing and
specific language impairment (SLI). In the participant selection
process, it was found that a number of the children with hearing
impairment had greater language impairment than did any child
with SLI. To match the groups on language ability, children with
poorer language skills had to be excluded from the HI Group and
children with better language skills had to be excluded from the
NH Group. As a result, the children in the HI Group had better
language abilities than the typical child with hearing impairment
and the children in the NH Group had poorer language abilities
than the typical child with normal hearing. This was necessary
in order to make the comparison among participants with similar
language abilities, but it reveals important differences between the
groups. It indicates that, for children with normal hearing in the
4t 5t or 6™ grade, when PIQ is relatively normal, there is probably
some limit to the degree of language impairment. It also indicates
that language deficits can be much greater for children with hearing
impairment than in children with SLI. Therefore, the conclusions
about the problem-solving abilities or functioning of children with
hearing impairment in the present study may not apply to children
with greater language deficits.

Conclusion

The task called the Tower of Hanoi has been used to study
problem-solving abilities in children who are developing typically,
children with learning disabilities (Wansart, 1990), and children
with hearing impairment (Luckner & McNeill, 1994). Wansart
developed an analysis procedure to compare the processes used in
problem solving by children who were typically developing and
children with learning disabilities. The use of an analysis strategy,
such as Wansart’s, may be useful in studying the problem-solving
processes used by children with hearing impairment, as well. In
the present study, there was some evidence of differences between
the processes used in problem solving for the two experimental
groups. For the children with hearing impairment, there was a
much stronger relationship between language and vocabulary
and problem-solving ability — both in computational and word
problems. This is somewhat unexpected because both groups
would have been expected to have received significant amounts of

36

language therapy. If this difference were understood it might shed
some light on the processes used by children in both groups.

The relationship demonstrated in the present study between
problem solving and language in children with hearing impairment
may exist at other levels of thinking (Figure 1). It would be of
interest to apply the design of the present study to the thinking
processes (other than problem solving), such as concept formation
and composing. In addition, the investigation of the effect of
language and vocabulary skills on the foundational thinking skills
might provide information relative to the influence of language
and vocabulary on problem solving. Further study is warranted
to determine the influence of language and vocabulary in children
with hearing impairment on creative and critical thinking skills, as
well as metacognition.

There is an increasing amount of evidence that supports that
early identification of hearing impairment in children is critical in
the acquisition of normal language skills. It will be important to
document not only the effects of early identification on language
development, but also the effects on higher-level cognitive
functions, such as problem solving.
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