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ABSTRACT 

The relation between language-based problem solving ability and language 

skills was studied in 11 school-age children with heanng impairment significant enough 

to require amplification. The Test ofProblem Solving-Revised(TOPS-R)was used to 

assess problem solving that required the use oflanguage. The Clinical Evaluation of 

Language Fundamental-Revised(CELF-R)was used to measure receptive and expressive 

language ability. In addition,the Peabody Picture Vocabulary Test-Revised(PPVT-R) 

was used to measure receptive vocabulary 

The mean results for each test represented with standard scores were 1 5-2.0 

standard deviations below the mean for typically developing children With multiple 

regression analysis,it was determined that problem solving scores could be predicted 

accurately using receptive language,expressive language,and vocabulary scores The 

results suggest that problem solving that involves the use oflanguage m children with 

heanng impairmentis significantly related to their language skills and vocabulary. 
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CHAPTERI 

INTRODUCTION 

Children with heanng impairment have a more difficult time learning language 

than do children with normal heanng(De Vilhers&De Vilhers, 1978;Erber,1982;Ling, 

1984,McAnally,Rose,& Quigley,1994) Language is used for eommumcation 

purposes,and it is also used in many cogmtive processes-including problem solving. 

Although there are someforms ofproblem solving that may not require language,there 

are manyforms that require an implicit or explicit use oflanguage. The purpose ofthe 

present study was to examine the ability ofchildren with heanng impairmentto solve 

problems that require the use oflanguage and relate it to their overall language ability 

Problem Solving 

Problem solving is a cognitive process thatinvolves the ability to apply any 

existing knowledge to form a solution to a situation or problem at hand(Furth,1966; 

Rice&Kemper,1984,Small,1983,Thornton,1995) Thornton has proposed that 

children are bom with the psychological processes necessary for interpreting the world 

and making inferences. She further states that each expenence that a child undergoes 

contributes to his/her knowledge base which,mtum,serves as a foundation for problem 

solving. Success m problem solving results firom using knowledge in conjunction with 

intellectual abilities and skills to reach a goal or desired state The acquisition ofmany 

forms ofknowledge is dependenton the language that a child hears and consequently 

leams from each day. 
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Deficiencies in inferential/interpretive abilities,in language,and in abilities to 

acquire and store knowledge may all affect problem solving ability. Leonard(1998) 

studied children with specific language impairment and observed that they have 

difficulties in many areas offiinctiomng-including problem solving The Elementary 

Test ofProblem Solving,Revised(TOPS-R)(Zachman,Huismgh,Barrett,Orman,& 

LoGiudice,1994)was developed to assess the ability to solve problems that are presented 

using spoken language In the standardization ofthe TOPS-R,problem solving ability 

wasfound to be poorer for children with language impairmentthan for children without 

language impairment. This finding is m agreement with Leonard's observation ofthe 

relation between language impairment and difficulty with problem solving. 

Wansart(1990)studied problem solving m children with learning disabilities 

using a task that required visual-spatial skills and logical sequencing,but very little use of 

language The task,the Tower ofHanoi,requires the subject to transfer stacked, 

graduated disks among three pegs In performing this task,a hierarchy ofproblem 

solving strategies are required The Tower ofHanoi task requires students to use both 

visuo-spatial and logic skills. The addition ofa logic task component made the Tower of 

Hanoi difficult because it involved student's use ofa sequential steps strategy The 

results indicate that children with learning disabilities begin the task using lower level 

strategies and complete the task at lower strategy levels than do children who are 

normally achieving. Both groups use similar logic strategies to solve the problems,but 

the normally achieving children begin and end at higher levels ofsophistication The 

results ofWansart's study indicate that non-lmguistic deficiencies may also affect 

problem solving on tasks that require the use offairly complex strategies 



Problem Solving in Persons with HearingImpairment 

There is clear evidence that a congenital hearing impairment which is not 

treated early will result m language impairment(Yoshinaga-Itano,1988). Since early 

identification and treatment ofhearing loss has not been typical,the majonty ofchildren 

with congemtal hearing impairment also have alanguage impairment. The development 

ofproblem solving skills m persons with heanng-impairmenthas been studied by a 

number ofinvestigators(Conrad,1979;Craig& Gordon,1988,Edelheit, 1972,Luckner 

& McNeil,1997,Streff,Barefoot,Walter,& Crandall, 1978,Tellevik,1981) These 

studies evaluated persons with deafness who used sign language as the primary mode of 

communication Both verbal and non-verbal measures have been used with problem 

solving tasks to compare the performance ofpersons with deafness to persons with 

normal hearing Tasks such as linguistically formulated math word problems and 

cognitive function evaluations that assess verbo-spatial skills have been used to measure 

the problem solving abilities that are below age appropnate level Non-verbal 

intelligence tests(assessing visual identification,processing,and matching ofobjects) 

and assessment ofvisuo-spatial skills through cognitive function evaluations have been 

used to measure performance on problem solving tasks that require no use oflanguage 

In the studies cited above,the results indicated that persons with deafness demonstrate 

normal ability on visual problem solving tasks 

Luckner and McNeill(1997),however,studied the problem solving abilities of 

children with heanng impairment and deafness using a non-lmguistic task that requires 

logical processes that are more complex than those examined by the above authors The 
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Tower ofHanoi was used in their study to demonstrate the problem solving skills of 

children with heanng impairment and deafness Young children(ages 5-10 years)with 

hearing impairment performed approximately50% poorer than young children with 

normal heanng on this complex non-lmguistic problem solving task However,the older 

students(age 13 and older)completed the task at a level similar to their heanng peers. 

The results strongly suggests that on a complex problem solving task which does not 

require language,young children with heanng impairment do not perform as well as their 

heanng peers,butthe differences decrease with increasing age.This suggests that,for 

children with heanng impairment,problem solving ability may depend on both linguistic 

and non-lmguistic factors. 

Implications for PresentStudy 

The present study was undertaken to examine the relationship between language 

abihty and problem solving abilities ofchildren with heanng impairment(who were 

likely to have alanguage impairment as a direct consequence ofthat heanng 

impairment) Language abihty was measured using the ChmcalEvaluation ofLanguage 

Fundamentals,Revised(CELF-R)(Semel,Wiig,Secord,&Sabers, 1987),a widely-used 

test oflanguage m school-age children Kjiowledge ofvocabulary was assessed using 

the PeabodyPicture Vocabulary Test,Revised(PPVT-R)(Dunn&Dunn,1981) 

Problem solving abihty was assessed using the TOPS-R,which relies heavily on the 

ability to understand and use language. The purpose ofthis evaluation was to determme 

the relationship between language age and problem solving age m children with heanng 
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impairmeiit The following questions were addressed for children with hearing 

impairment. 

1. Is the ability to solve problems that require the use oflanguage related to 

receptive language ability, expressive language ability, and/or receptive 

vocabulary? 

2 Is the ability to solve problems that require the use oflanguage related to 

age ofidentification or treatment ofhearing loss, degree ofhearing loss,or 

aided hearing level"^ 



CHAPTERII 

REVIEW OFLITERATURE 

Problem Solving 

Problem solving is a dynamic activity that requires the use ofcognitive 

processes and life experiences Thornton(1995)has proposed that problem solving 

includes the ability to make inferences using one's existing knowledge m order to obtam 

new information and ideas Although children are bom with the processes necessary for 

interpreting the world and making inferences,the expenences that children have can add 

to their knowledge base Success m problem solving results jfrom using knowledge in 

conjunction with intellectual abilities and skills to reach a goal or desired state(Furth, 

1966;Rice&Kemper,1984,Thomton) 

Language and Learning in Relation to Problem Solving 

Adequate cogmtive developmentis at least a co-requisite for language 

development to occur In addition,language skills are expanded through umque 

expenences that add to one's knowledge The expansion ofknowledge and concurrent 

learning oflanguage IS a natural process for most normally developing children, 

however,a significant deficit m language abilities may create weaknessesin other areas 

offunctioning(Leonard,1998) Children with specific lariguage impairment have been 

shown to have greater difficulty in problem solving than their normal peers(Craig& 

Gordon,1988,Leonard,1998,Zachman,Huismgh,Barrett,Orman,&LoGiudice,1994) 
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The authors ofthe Test ofProblem Solvmg-Revised(TOPS-R)(Zachman,et al, 1994) 

compared a group oftypically developing children and a group oflanguage-impaired 

children The sole cntenon for the inclusion ofchildren m the group with language 

impairment was that they were receiving language therapy The results show that 

children with language impairments perform significantly poorer(p<.01)on problem 

solving tasks than their normally developing peers. They routinely achieved total test 

meanraw scores that were 11 to 19 points lowerthan their matched peers 

Assessmentofproblem solving skills m children with learning impairments has 

been considered as well In 1990,Wansart used the Tower ofHanoi to compare the use 

ofvisuo-spatial skills and logical sequencing m children with learning disabilities and 

normally developing children. The test requires the transfer ofstacked,graduated disks 

among three pegs A hierarchy ofproblem solving strategies involving both visuo-spatial 

skills and logic skills appear to be necessary m performing this task. The sequential steps 

strategy involved makes the Tower ofHanoi task more difficult for students The 

findings from this study indicated that although both groups use similar processing 

strategies, children with learning disabilities began and ended the task using lower level 

strategies than children who were normally achieving This suggests that non-lmguistic 

deficiencies may also affect problem solving abilities on a task that requires the use of 

complex strategies 
\ 

Hearing Impairmentand Language 

The mostcommon finding among children with a congenital heanng loss is a 

language impairment(Yoshmaga-Itano,Sedey,Coulter,& Mehl,1998). For a heanng 
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impaired child,the lack or reduction ofauditory input creates a major problem for 

leaming aspoken language Withoutthe advantage ofauditory stimulation,these 

children often develop a significant language delay secondary to the heanng loss. The 

following factors appear to influence the language acquisition ofa child age when the 

heanng loss occurs,age when the heanng loss is identified, and the intervention provided 

to the individual(including amplification and habihtation efforts) Yoshmaga-Itano,et 

al. illustrated importance ofthese factors for language acquisition 

The age ofheanng loss onset can greatly affect the developmentoflanguage 

skills. Animpairment that occurs after the acquisition oflanguage skills, a post-lingual 

heanng impairment,generally will result in fewer commumcation and other secondary 

problems for the child since he/she has already formed a commumcation base. 

Conversely,children with a congemtal heanng loss have never had the expenence of 

normal heanng Because ofthis, it is widely acknowledged that it is important that the 

heanng loss for these children be diagnosed early(before six months ofage)and 

appropnate treatment to be implemented m order for the process oflanguage acquisition 

to begin as early as possible(Yoshinaga-Itano,et al., 1998). Many children with heanng 

impairment,however,have not had the advantage ofearly identification and treatment 

For these children,there was limited functional reception ofauditory communication 

dunng the early penod oflanguage acquisition. As a result,language acquisition for 

these children is often delayed 



Problem Solving in Persons with HearingImpairment 

Several studies have reported deficits in the problem solving abilities in children 

with hearing impairment(De Villers&De Villers, 1978,Erber,1982,Ling,1984, 

McAnally,Rose& Quigley,1994) Several specific studies have been completed to 

examine this question Edelheit(1972)examined the views ofvarious investigators on 

the relationship oflanguage developmentto problem solving abilities He concluded that 

although language ability is an independent process,which does not need to correspond 

to intelligence,problem solving ability is augmented by language More recent studies m 

this area show similar conclusions Tellevik(1981)compared the problem solving 

abilities ofadolescents with heanng impairments and normal heanng adolescents. A 

visual problem solving task consisting ofdifferent forms and shapes were presented to 

paired subjects Through communication(manual or oral), each subject was required to 

explain the visual model to his/her partner The partner then had to produce a visually 

identical pattern or replica ofthe ongmal model This task was purely language-based 

and was similar to bamertasks that are commonly used m language therapy The results 

ofthe study indicated that manualcommumcation methods were equally as effective for 

logical and reasomng functions as spoken commumcation. 

Craig and Gordon(1988)studied cognitive function and reading achievementin 

adolescents with heanng impairment They noted that the reading problems observed in 

children with heanng impairment have been attnbuted to their lack ofa substantial 

language base Craig and Gordon used a cognitive function evaluation to compare the 

subject's performance on visuo-spatial task and verbo-spatial tasks The results ofthis 

study indicated that performance on tests ofspecialized cognitive function by adolescents 
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with heanng impairment was below average for verbal and sequential skills but 

average and above for visuo-spatial skills 

Another study companng normal bearing young adults to young adults with 

heanng impairments in verbal and non-verbal abilities was completed by Streff, et al, 

(1978) Both verbal and nonverbal intelligence tests were used to assess cntical thinking, 

processing,and problem solving abilities m the young adults Knowledge ofspatial 

relationships and visual sequencing ofnon-meaningful figures(non-verbal measures) 

were compared to the subjects' performance on verbal tasks such as memory for verbal 

and written symbols and knowledge ofbasic linguistic morphology. General conclusions 

ofthe tests indicated that although the heanng subjects scored higher on tasks for verbal 

memory,both heanng young adults and young adults with heanng impairment performed 

at a similar level on tasks involving non-verbal assessment 

Luckner and McNeill(1997)studied the problem solving abilities ofchildren 

with bearing impairment and deafness using the Tower ofHanoi. This is a non-bnguistic 

task that requires logical processes that are more complex that those examined in earlier 

studies The Tower ofHanoi task requires students to use both visuo-spatial and logic 

skills The additional componentofa logic task made the Tower ofHanoi difficult 

because it involved student's use ofa sequential steps strategy Instructions for the test 

were given both verbally and through manual communication Younger students with 

bearing impairment and deafiiess, age 5 to 10 years,demonstrated skills that were50% 

lower than their bearing peers on the series oflogic tasks using the Tower ofHanoi 

problem In older children,the differences m performance between the two groups 

decreased Children with bearing impairment and children with normal bearing(age 13 
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and older)perform very similarly(less than 10% difference between the performance 

scores ofthe two groups) These findings indicate that on a complex,non-hnguistic 

problem solving task,children with heanng impairment may be delayed in their ability to 

solve problems;the delay appears to resolve with maturation so that problem solving 

skills eventually become similar to their normal heanng peers 

Assessment Measures 

Many different standardized tests are available to quantify the language abilities 

m children. The Clinical Evaluation ofLanguage Fundamentals,Revised(CELF-R) 

(Semel,Wiig,Secord,&Sabers,1987)was selected for use m this study to quantify the 

language abilities ofchildren with heanng impairment. This test was designed to assess 

the receptive and expressive oral language skills associated with classroom success in 

students who range m age firom6to 21 years. Sub-tests for receptive language include 

assessments ofsentence structure,word classes,and concepts and directions Expressive 

language sub-tests assess formulated sentences,recalling sentences,and knowledge of 

word structure Composite scores for receptive and expressive language ability, as well 

as overall language age,may be generated. This particular version ofthe test was 

selected rather than the newer CELF-III(Semel,Wiig,&Secord,1995)because ofrecent 

concerns regarding the diagnostic sensitivity ofthe new test(Perry&Milosky,1999) 

ThePeabodyPicture Vocabulary Test,Revised(PPVT-R)(Dunn&Dunn, 

1981)was admimstered to assess the knowledge ofreceptive(heanng)vocabulary ofthe 

children m this study This test requires a listener to identify the picture that best 

represents the meaning ofa stimulus word presented orally by the examiner.This 
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particular version ofthe test was chosen over the more recentPPVT-III because there 

is aknown correlation of 52 with the CELF-R(Semel,Wiig,&Secord,1987) The 

relationship between the scores on the PPVT-III(Dunn&Dunn,1997)and the CELF-R 

IS notknown This modest correlation value suggested some overlap m the domains 

sampled between thePPVT-R and the CELF-R,but also suggested someindependence 

between the two tests. 

Although specific areas ofweaknesses may be detected through language tests, 

the findings may not adequately reflect the child's day-to-day functioning abilities 

(Leonard,1998) TheTOPS-R(Zachman,et al,1994)was designed to assess an 

individual's ability to use critical thinking skills to solve a given problem Using 

Bloom's Taxonomy ofEducation Objectives,the test represents six levels ofcritical 

thinking,knowledge,comprehension,application, analysis,synthesis,and evaluation 

Each ofthe critical thinking levels requires an individual to use his/her life expenences to 

relate known information to anew task. By following these steps,the TOPS-R is able to 

assess an individual's ability to think cntically,problem solve,and to make decisions. 

The test also requires an extensive Imguage base since the directions and test questions 

are heavily dependenton the student's ability to use and apply spoken English language 

Children are given a picture to examine Spoken questions such as"This man doesn t 

think he needs to protect his hearing What could you say to make him change his 

mind"^"and"Why do these kids respect their coach"?" are asked Subjects must answer 

the question based upon the information presented through the problem m the picture. 

Scores for the TOPS-R are based upon the number ofproblems that an individual can 

solve correctly Standardizations ofthe test were based on performance of1578 normal 
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subjects(ages6 0-11.11)for the tasks Age equivalents,percentile ranks,and standard 

scores are provided for each available raw score This test requires the subject to use 

language in a more complex form than is assessed by the CELF-R. For success on the 

TOPS-R,children must demonstrate the ability to use language and apply it to various 

presented situations This test will be used m the present study m order to assess the 

problem solving abilities m heanng-impaired children who use spoken English language 

as their primary mode for communication It was selected because it was the only 

commercially available norm referenced test ofproblem solving that requires the use of 

spoken language 

Rationale for the PresentStudy 

It IS known that children with heanng impairment exhibit greater difficulties m 

language learning than do their normally developing peers. It is also known that children 

with language delays achieve poorer performance on tasks ofproblem solving that 

require both a knowledge and use ofverballanguage However,the problem solving 

ability ofchildren with heanng impairment who use verballanguage as their pnmary 

mode ofcommumcation does not appear to have been exammed to date The present 

study was designed to examine the ability ofchildren with heanng impairmentto solve 

problems that require the use ofspoken language and examine the relationship between 

spoken language ability and language-based problem solving ability with this population 
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CHAPTERIII 

METHODS 

Participants 

The participants were 11 children with heanng impairment who were enrolled 

m the University ofTennessee Child Heanng Service oral habihtation program. There 

were2males and9females who ranged m age from 6-11 years. Each participant metthe 

following cntena bilateral heanng loss with appropnate amplification,no other known 

handicapping condition,and spoken language used as the pnmary mode of 

communication The following information was obtained from each participant's clinic 

records: (1)chronological age,(2) age at which heanng loss was identified,(3) age at 

which participant was first aided,(4) pure tone average m the better ear(threshold at 

500,1000,and 2000Hz),and(5) aided pure tone average This information is shown in 

APPENDIX A 

Experimental Tests 

For each ofthe expenmental tests,raw scores and standard scores were 

obtained When raw scores werelow enough that they were below the mimmum 

standard score provided with the test,linear interpolation was used to compute the 

standard score. This process was used to interpolate a total offive standard scores:4 

TOPS-R scores and 1 PPVT-R score A separate interpolation was required for each 

score based on the raw scores and standard scores provided with each test The 

interpolated values were different for each age group 
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Language Test 

The Clinical Evaluation ofLanguage Fundamentals,Revised(CELF-R)is a 

language test that is standardized for children from 6-21 years ofage The test was 

administered orally The test measures receptive and expressive language abilities 

separately The receptive(CELF-R-Rec)and expressive(CELF-R-Exp)tests each 

contain three subtests.The particular suhtests that are used to determine the receptive and 

expressive language scores depend on the participant's age In the present study,the 

results ofthe subtests were combined to obtain CELF-R-Rec and CELF-R-Exp raw 

scores and standard scores. Because ofthe broad range ofthe participants m the current 

study and the fact that different subtests are used at different ages,analysis at the level of 

individual subtests was not possible. 

Vocabularv Test 

ThePeabodyPicture Vocabulary Test,Revised(PPVT-R)was admimstered to 

assess the knowledge ofreceptive(heanng)vocabulary ofthe children m this study. This 

test required the listener to identify the picture that bestrepresents the meamng ofa 

stimulus word presented orally by the examiner. For one participant,the raw score fell 

below the lowest standard score provided,and as a result,the standard score was 

computed by linear interpolation 

Problem Solving Test 

The Test ofProblem Solving,Revised(TOPS-R)wasused to determine the 

problem solving abilities ofchildren with heanng impairment This test is standardized 
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for children ages60-11•11. The test was administered orally Standard scores were 

interpolated for four participants 

ExperimentalProtocol 

Participants were identified with the assistance ofaudiologists from Child 

Hearing Services The audiologist contacted the parents ofchildren with hearing 

impairment who were potential participants. Onceinformed consent had been obtained 

from the parents ofchildren with hearing impairment and informed assent had been 

obtained from their children(APPENDIX C),the three experimental tests were 

performed mtwo sessions; Session 1 CELF-R(45-50 minutes)and Session 2.PPVT(15 

minutes)and TOPS-R(45 minutes). During each session,the participant was given as 

many breaks as he or she wanted-typically two breaks per hour The participants were 

given a small reward after participation m the study,they were notinformed beforehand 

thatthey would receive a reward. 

Analysis 

Statistical analyses were performed using standard scores obtained with the four 

experimental procedures so that compansons could be made across participants of 

different ages The data were analyzed using analysis ofvariance(ANOVA), 

correlations,and regression analyses 



17 

CHAPTERIV 

RESULTS 

Comparisons Among the Four ExperimentalTests 

Mean results for the 11 participants are shownin Figure 1 The four 

experimental tests are shown on the abscissa Standard scores are shown on the ordinate 

with a honzontal line at each standard deviation(SD) The range for the ordinate was 

determined on the basis ofthe high and low standard scores obtained for individual 

participants* +1 to-6SD Group means are represented by filled squares with a dashed 

connecting line. Error bars indicate± 1 SD The mean standard scores ranged from 77.7 

for the CELF-R receptive language test(CELF-R-Rec)to 668 for the TOPS-R Thus, 

for these participants with hearing impairment,the mean standard scores were all located 

between 1.5-2.0 SDsbelow the mean(standard score=100) It can be seen that the 

vanabihty was smallest for the test with the highest score(CELF-R-Rec)and was largest 

for the test with the lowest score(TOPS-R) 

AnANOVA was performed to examine the differences among results for the 

four experimental tests The results ofthis analysis indicate thatthere were no sigmficant 

differences between the tests and that there were no significant interactions between tests 

Because the purpose ofthis study was to determine the relationship between 

language ability/vocabulary and problem solving ability,the CELF-R-Rec, CELF-R-Exp, 

andPPVT-R were grouped and labeled as"the predictive tests," and aregression 
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analysis was performed to determine ifthe results for the TOPS-R could be predicted 

using the combined results for the three predictive tests It was found that all three 

predictive tests considered together were useful m predictmg the results for the TOPS-R 

[F(3,10)=13.78,£= 003] To determme why there was such a strong predictive 

relationship,the correlations between pairs ofindividual tests were obtained. The results 

ofthese analyses are shown in Table 1 Four ofthe six possible individual correlations 

were sigmficant(p < 05)indicating that the results for the four tests, m general,were 

well correlated. Typically,when two measures are highly correlated,combining the 

measures-as was done m the regression analysis-does not mcrease the strength ofthe 

correlation However,in the present study,the regression analysis using the three 

predictive tests significantly improved the ability to predict the TOPS-R results From 

the regression analysis, partial correlation coefficients were computed to determme the 

contnbution ofeach ofthe three predictive measures above and beyond all others. The 

multiple regression improved the ability to predict the TOPS-R scores because each of 

the predictive tests contnbuted significantly above and beyond all others CELF-R-Rec[t 

=-2 520,£=.040]; CELF-R-Exp [t=2784,£= 027];PPVT-R[t=2629,£= 034] 

The correlation coefficientfor the multiple regression,R,was 925 and R^ was 

.855 However,due to the reduced number ofparticipants relative to the number of 

predictors, an adjusted R^ was computed to be.793. The partial correlation coefficients 

were used to determme the coefficients ofa linear regression equation for the 
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Table 1. Correlations between pairs ofindividual tests. 

CELF-R-Exp PPVT-R TOPS-R 

CELF-R-Rec 

r= 891 556 425 

B= 000 076 192 

CELF-R-Exp 

r= 703 71 

E= 016 014 

PPVT-R 

r= 832 

E= 001 
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computation ofthe predicted TOPS-R scores 

Predicted TOPS-R= 

21 864 +(-1.823 CELF-R-Rec)+(1 906 CELF-R-Exp)+(67PPVT-R) 

In Figure 2,the relationships between measured and predicted TOPS-R scores are shown 

The diagonal line indicates where the data points would be located ifthe measured and 

predicted scores were identical The largest errors m prediction were±1.0SD(two 

scores)and±08SD(two scores) 

Relation Between Experimental and Hearing-Related Measures 

An attempt was made to determine ifthere were arelationships between each of 

the four expenmental measures and each ofthe four heanng-related measures (1) age at 

which heanng loss was first identified, (2) age at which participant was first aided, (3) 

pure tone average m the better ear,and(4) aided pure tone average None ofthe 16 

correlations was significant The highest correlation was between unaided pure tone 

averages m the better ear and the CELF-R-Exp scores[r= 51,t(9)= 1 76,p> 05] 

Results for Individual Participants 

The raw data for the 11 participants are shown in APPENDICES A andB The 

mean results shown m Figure 1 do not reflect the variety ofpatterns ofresults obtained 

for individual participants. As a result,the data for individual participants were broken 

into three groups based on pattern (1)those with TOPS-R scores that were better than 
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their CELF-R scores(Figure 3), (2)those whoseTOPS-R and CELF-R scores were 

similar(Figure 4),and(3) those with TOPS-R scores poorer than their CELF-R scores 

(Figure 5) 

The datain Figures 3,4,and 5 were plotted using the same format as m Figure 

1 The mean results are shown m Figures 3,4,and 5 as they were m Figure 1 using filled 

squares and dashed connecting lines while the individual participant scores are shown 

using unfilled symbols and solid connecting Imes 

TOPS-R Scores> CELF-R Scores 

ForParticipants 3,4,and9(Figure 3),the problem solving scores were better 

than the language scores and vocabulary scores. For Participants 3 and 4,the language 

scores were above the group mean while for Participant9,they were below the group 

mean For all three participants,the vocabulary scores were better than average and the 

problem solvmg scores were both better than average and better than the vocabulary 

scores 

TOPS-R Scores=CELF-R Scores 

ForParticipant 5,8,10,and 11(Figure 4),the problem solvmg scores were 

similar to the language scores. Both the problem solvmg scores and the language scores 

were distributed around the group mean The vocabulary scores,in general,were slightly 

better than the problem solving scores and language scores 
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TOPS-R Scores <CELF-R Scores 

For Participants 1,2,6,and7(Figure 5),the problem solving scores were 

significantly poorer than the language scores In Figure 3,the individual participant 

functions turned upward indicating that problem solving ability was better than language 

ability In Figure 4,the functions are relatively flat indicating that problem solving and 

language abilities were similar Butm Figure 5,the receptive language scores are 

distributed around the group mean,the expressive language scores are poorer,the 

vocabulary scores are poorer still, and the problem solving scores are the poorest All of 

the problem solving scores shown m Figure 5 were interpolated because they fell below 

the minimum standard scores provided with the TOPS-R test In this group,the very 

poor problem solving ability(3-5 SDs below normal)was associated with expressive 

language ability that was slightly below the group mean and vocabulary that wasfurther 

below the group mean 
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CHAPTERV 

DISCUSSION 

Average Tests Results for Participants with Hearing Loss 

In a single-subject study with a school-aged child with hearing impairment, 

Fisher(2000)found that problem solving ability measured with the TOPS-R was much 

poorer than would have been predicted from the child's language scores One reason for 

the present study was to determine ifthis was a typical finding m all children with 

hearing impairment. The mean results(Figure 1)indicate that problem solving ability is 

slightly,butnot sigmficantly,poorer than language abilities. Thoughsome participant s 

problem solving abilities were much poorer than their language abilities-as Fisher had 

found-on average for the group,there were no dramatic differences between language 

scores and problem solving scores However,mean results for all measures(receptive 

language ability, expressive language ability, vocabulary,and problem solving ability) 

were all 1 5-20SDsbelow the mean for typically developing children 

Comparison ofProblem Solving Ability with NormalDevelopment,Language 
Impairment,and HearingImpairment 

In the documentation for the TOPS-R(Zachman,et al.,p 114),a comparison is 

made between results for typically developing children and children with language 

impairmentofunspecified degree For every age group from 6.0-1111,the problem 

solving skills ofchildren with language impairment were significantly poorer than for the 

normally developing children The data from Zachman,et al have been plotted in Figure 

6 along with the scores for the 11 participants m the present study Raw scores are shown 
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on the ordinate; age in years is shown on the abscissa Means and SDs are shown for 

typically developing children(open tnangles)and for children with language impairment 

(open squares);individual data points(solid circles) are the results for the 11 participants 

m the present study 

Nine ofthe 11 participants had TOPS-R scores within the range or poorer than 

the mean scores for the children with language impairment who were in the same age 

group Three ofthe children with heanng impairment had poorer TOPS-R scores than 

the children with language impairment. In general,the participants with better language 

also had better problem solving skills. The participants could be placed into one ofthree 

groups: 

(1) Normallanguage(CELF-R total language standard score=106)and 
normal problem solving ability Participant4 

(2) Borderline normallanguage(CELF-R total language standard 
score=82-84)and varying problem solving ability 

Normal problem solving ability Participant 3, 
Borderline normal problem solving ability Participant 8, 
Poor problem solving ability Participant 10 

(3) Poorlanguage(CELF-R total language standard score <76)and 
problem solving abilities Participants 1,2,5,6,7,9,and 11 

In summary,the participants m this group could be described as being language impaired 

Only one individual had normallanguage ability also had normal problem solving ability 

The three participants with borderline normallanguage ability had problem solving 

abilities that ranged from normal to poor However,the eight participants who were m 

the majonty,had poor language abilities as well as poor problem solving ability. 
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Factors Related to Problem Solving Ability 

The results ofthe regression analysis with partial correlations demonstrated that 

receptive language,expressive language,and vocabulary scores each contnbuted 

significantly to the prediction ofthe language-based problem solvmg scores Though the 

correlation between vocabulary and language-based problem solvmg was greatest,the 

language-based problem solvmg score was predicted most accurately when all three tests 

were considered together with the predictive equation The relationship specified by the 

equation accounts for793%ofthe variance associated with the language-based problem 

solvmg scores This was the mostimportant finding ofthe present study 

Atthe outset ofthe present study,an attempt was made to identify the relevant 

factors m problem solvmg that involved the use oflanguage Thornton(1995)proposed 

that problem solvmg was the use oflanguage processes and knowledge base m 

conjunction with inborn abilities to make inferences The results ofthe present study 

provide evidence to support this view Language abilities werefound to be sigmficant 

factors m predicting problem solvmg abilities A second important finding ofthe present 

study was that receptive and expressive language abilities are related independently and 

differently to problem solvmg 

A third important finding was that vocabulary was moststrongly correlated with 

problem solvmg ability. This finding was not expected because ofthe description given 

byZachman et al.(1994)ofthe thinking skills required to perform the TOPS-R 

knowledge,comprehension,application, analysis,synthesis,and evaluation Because of 

the wide range ofskills that were required,it was anticipated that this form ofproblem 

solvmg ability would be more dependent on language skills than on the knowledge base 
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or lexicon. However,the results provide clear evidence that vocabulary(knowledge 

base)was a more important factor than either receptive or expressive language ability 

Factors Related to Hearing Loss 

A major concern m the design ofthe present study was consideration offactors 

related to hearing loss* age at which heanng loss was identified,age at which 

amplification was first fitted, degree ofheanng loss,and aided heanng level. None of 

these factors were significantly related to problem solving ability,vocabulary,receptive 

language ability,or expressive language ability. However,in the present study,the range 

ofages and heanng losses was sufficiently narrow that these conclusions need to be 

confirmed m participants who are both older and younger and on participants with a 

wider range ofheanng impairment 

Conclusions 

In the present study,it wasfound that problem solving ability that involved the 

use oflanguage was very sigmficantly related to receptive language,expressive language, 

and receptive vocabulary m children with heanng impairment Though there was a wide 

range ofindividual differences,on average,theses children performed below the mean 

for typically developing children m every measurement category This is consistent with 

thefmdmgs ofprevious studies. In children with heanng impairment,the cause for 

languageimpairment and reduced vocabulary are due to reduced auditory input. 

The present results indicate that a more comprehensive evaluation ofchildren 

with heanng impairment may be ofvalue m determining their functional skills With the 
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four tests used in the present study,a greatrange ofindividual differences was 

revealed Knowledge ofthese differences may be ofuse in developing a plan to meetthe 

needs ofan individual 

Iflanguage skills and vocabulary are important for solving certain types of 

problems,then it maybe possible to improve problem solving abilities by teaching 

language and vocabulary Future work mightinclude the study ofother factors such as 

the contnbution ofnon-verbal intelligence and the contribution ofmaturation and 

development. 
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Participant1 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Male 

Chronoiogical Age in Years 11 7 

Age HL Identified in Years 3.3 

Age First Aided in Years 34 

PTA in Better Ear in dB HL 62 

Aided PTA in dB HL 35 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

87(6)CELF-R Receptive 24 

11(2)20 

18 6(1) 
- Oral Directions 

- Word Classes 
7(1)- Semantic Relationships 16 

67(6)CELF-R Expressive 15 

31 3(2)- Formulated Sentences 

54 5(1)- Recallinq Sentences 
13 7(1)- Sentence Assembly 
39 75(4)CELF-R Total Language 
73 52(6)PPVT-R 

34 17(2)* TOPS-R 
25.805Predicted TOPS-R 

Participant1:Standard Scones&SEMs 
115 

100 

85 

70 

55 

40 

25 

10 
FFVT-R TOPS-RCELF-R-Rec CHP-R-Bcp 

TESTS 

- Participant 1 —■— Group Mean —e— Predicted TOPS-R | 
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Participant2 

PARTICiPANT DEMOGRAPH GDATA 

Sex Female 

Chronological Age in Years 11 3 

Age HL Identified in Years 26 

Age First Aided in Years 3 

PTA in Better Ear in dB HL 56 

Aided PTA in dB HL 22 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

CELF-R Receptive 18 74(6) 

- Oral Directions 19 9(2) 

- Word Classes 17 5(1) 

- Semantic Relationships 9 4(1) 

CELF-R Expressive 18 73(6) 

- Formulated Sentences 45 6(2) 

- Recalling Sentences 40 6(1) 

- Sentence Assembly 9 6(1) 

CELF-R Total Language 36 72(4) 

PPVT-R 76 56(6) 

TOPS-R 47 51(2)* 

Predicted TOPS-R 63.6 

Participant2: Standard Scores&SEMs 
115 

100 

85 

70 i 
55 

40 

25 

10 
TOPS-RCa.F-R-Rec CBLF-R-Exp PR/T-R 

TESTS 

Participant2—■- - Group Mean —e— Predictive TOPS-RJ 
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Participant3 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Female 

Chronological Age in Years 101 

Age HL Identified in Years 1 

Age First Aided in Years 16 

PTA in Better Ear in dB HL 57 

Aided PTA In dB HL 27 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

CELF-R Receptive 23 85(5) 

- Oral Directions 20 11(2) 

- Word Classes 15 5(2) 

- Semantic Relationships 16 7(1) 

CELF-R Expressive 24 86(5) 

- Formulated Sentences 47 7(1) 

- Recalling Sentences 63 9(1) 

- Sentence Assembly 12 8(1) 

CELF-R Total Language 47 84(4) 

PPVT-R 101 94(7) 

TOPS-R 63 101(4) 

Predicted TOPS-R 93.8 

Participant3: Standard Score&SEIUIs 

115 

100 

85 

70 

55 

40 

25 

10 
TOPS-RCELF-R-Rec Cap-R-Exp PFVT-R 

TESTS 

- Participant3- -Group Mean —e—Ftedcted TOPS-R 
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Participant4 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Male 

Chronological Age in Years 9.8 

Age HL Identified in Years 1 

Age First Aided in Years 1 2 

PTA in Better Ear in dB HL 82 

Aided PTA in dB HL 33 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

CELF-R Receptive 32 103(5) 

20 12(2)- Oral Directions 

- Word Classes 20 9(1) 

- Semantic Relationships 20 11(1) 

CELF-R Expressive 34 108(5) 

57 13(1)- Formulated Sentences 

10(1) 

11(1) 
- Recalling Sentences 65 

- Sentence Assembly 17 

CELF-R Total Language 39 106(4) 

PPVT-R 91 93(6) 

TOPS-R 67 113(3) 

102.3Predicted TOPS-R 

ct 
o 
o 
(0 

o 
ae 
< 
o 
z 

(0 

115 

100 

85 

70 

55 

40 

25 

10 

Participant4: Standard Scores&SEMs 

o 

TOPS-RCaF-R-Rec CELF-R-Exp FBTT-R 

TESTS 

Participant4—■— Group Maan ■ o ftedcted TOFS-R 
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Participant5 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Female 

Chronological Age in Years 95 

Age HL Identified in Years 3 

Age First Aided in Years 6 

PTA in Better Ear in dB HL 53 

Aided PTA in dB HL 25 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

CELF-R Receptive 18 74(5) 

12 5(2)- Oral Directions 

17 7(1)- Word Classes 

- Semantic Relationships 10 6(1) 

CELF-R Expressive 13 62(5) 

- Formulated Sentences 27 3(1) 

3(1)- Recalling Sentences 38 

7(1) 

CELF-R Total Language 31 66(4) 

PPVT-R 77 69(6) 

TOPS-R 34 57(3) 

51.4 

- Sentence Assembly 7 

Predicted TOPS-R 

Participant 5: Standard Scores&SEMs 
115 —— 

100 

85 

70 

55 

40 

25 

10 
TOPS-RCELF-R-Rec CELF-R-Exp FWT-R 

TESTS 

•Participant5—■— Group Mean —0—Predicted TOPS-R 
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Participant6 

participant DEMOGRAPHiC DATA 

Sex Female 

Chronological Age in Years 82 

Age HL identified in Years 1 5 

Age First Aided in Years 2 

72PTA in Better Ear in dB HL 

Aided PTA in dB HL 32 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

15 67(5)CELF-R Receptive 
5 4(1)- Oral Directions 

6 5(1)- Word Classes 
6(1)- Semantic Relationships 7 

15 67(5)CELF-R Expressive 
31 4(1)- Formulated Sentences 
36 3(1)- Recallina Sentences 

g 8(1)- Sentence Assembly 
65(4)CELF-R Total Language 30 

62(7)61 

54(2)* 
PPVT-R 

20 

69.0 
TOPS-R 

Predicted TOPS-R 

115 

100 • 

tf. 
o 85 • 
o 
(0 

70
Q 
IX 
< 55 • 
o 
z 
< 40 
h-
(0 

25 

10 

Participant6:Standard Scores&SEMs 

i 

TOPS-R 
CELF-R-Rec CELF-R-Bcp FfVT-R 

TESTS 

•Participant6--a--Group Mean —e—Predicted TOPS^ 
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Participant7 

PARTICIPANT DEMOGRAPH CDATA 

Sex Female 

Chronological Age m Years 81 

Age HL Identified in Years 0 

Age First Aided in Years 23 

PTA in Better Ear in dB HL 62 

Aided PTA in dB HL 27 

FXPPRIMENTAL DATA 

Raw Score Standard Score(SEM) 

13 63(5)CELF-R Receptive 
4 4(1)- Oral Directions 

7 5(1)- Word Classes 
4(1)- Semantic Relationships 3 

54(5)CELF-R Expressive 11 

18 3(1)- Formulated Sentences 
24 3(1)- Recalling Sentences 
1 5(1)- Sentence Assembly 

55(4)CELF-R Total Language 24 

24 17(7)* PPVT-R 

6 34(2)* TOPS-R 
21.3Predicted TOPS-R 

* Interpolated 

Participant7: Standard Scores&SEMs 
115 

100 

85 

70 

55 

40 

25 

10 
TOPS-RCELF-R-Rec CELF-R-Exp PFVT-R 

TESTS 

F&rticipant7- -Group Mean —0—Rredicted TOFS-R 
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Participant8 

PARTICIPANT DEMOGRAP tic DATA 

Sex Female 

Chronological Age in Years 74 

Age HL identified in Years 3 

Age First Aided in Years 34 

PTA in Better Ear in dB HL 80 

Aided PTA in dB HL 40 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

85(5)CELF-R Receptive 23 

18 10(1)- Linauistic Concepts 

22 7(1)- Sentence Structure 

7 6(1)- Oral Directions 
86(4)CELF-R Expressive 24 

29 8(1)- Word Structure 

47 10(1)- Formuiated Sentences 
40 6(1)- Recaiiinq Sentences 
47 84(3)CELF-R Total Language 
78 92(5)PPVT-R 

32 85(4)TOPS-R 

92.5Predicted TOPS-R 

Participant8: Standard Scores&SEMs 
115 

100 

85 

70 

55 

40 

25 

10 
TOPS-RCELF-R-Rec CELF-R-Exp PfVT-R 

TESTS 

-Participant8- -Group Mean —©—Predicted TOPS-R 
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Participant9 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Female 

Chronological Age m Years 7.3 

Age HL Identified in Years 28 

Age First Aided in Years 2.9 

PTA in Better Ear in dB HL 65 

Aided PTA in dB HL 28 

EXPERIMENTALDATA 

RawScore Standard Score(SEM) 

CELF-R Receptive 14 65(5) 

- Linguistic Concepts 9 5(1) 

- Sentence Structure 12 5(1) 

- Oral Directions 1 4(1) 

CELF-R Expressive 12 59(4) 

- Word Structure 18 5(1) 

- Formulated Sentences 23 4(1) 

- Recalling Sentences 26 3(1) 

CELF-R Total Language 26 59(3) 

PPVT-R 62 74(5) 

TOPS-R 29 81(4) 

Predicted TOPS-R 65.4 

Participant9: Standard Scores&SEMs 
115 

100 
ae 
o 85 o 
10 

a 70 W 
cc 
< 55 
Q 
Z 40 

CO 25 

10 

CHP-R-Rec CELP-R-Bcp PFVT-R TOPS-R 

TESTS 

-Participant9 —■— Group Mean —©— Predicted TOPS-R 
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Participant10 

PARTICIPANT 
DEMOGRAPHIC DATA 

Sex Female 

Chronological Age in Years 6.9 

Age ML Identified in Years 3 

Age First Aided in Years 3 

PTA in Better Ear in dB HL 72 

Aided PTA in dB HL 28 

EXPERIMENTALDATA 

Raw Score Standard Score(SEM) 

CELF-R Receptive 24 87(5) 

- Linguistic Concepts 13 7(1) 

- Sentence Structure 23 10(1) 

- Oral Directions 6 7(1) 

CELF-R Expressive 21 80(4) 

- Word Structure 21 6(1) 

- Formulated Sentences 26 7(1) 

- Recalling Sentences 43 8(1) 

CELF-R Total Language 45 82(3) 

PPVT-R 65 83(7) 

TOPS-R 18 67(5) 

Predicted TOPS-R 71.4 

Participant10: Standard Scores&SEMs 
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Participant11 

PARTICIPANT DEMOGRAPHIC DATA 

Sex Female 

Chronological Age in Years 62 

Age HL identified in Years 2.6 

Age First Aided in Years 29 

PTA in Better Ear in dB HL 77 

33Aided PTA in dB HL 

EXPERIMENTAL DATA 

Raw Score Standard Score(SEM) 

65(5)CELF-R Receptive 14 

3 3(1)- Linguistic Concepts 
16 6(1)- Sentence Structure 

2 5(1)- Oral Directions 
65(4)CELF-R Expressive 14 

12 4(1)- Word Structure 

19 6(1)- Formulated Sentences 

23 4(1)- Recalling Sentences 
63(3)CELF-R Total Language 28 

53 80(7)PPVT-R 

14 75(5)TOPS-R 
80.9Predicted TOPS-R 

Participant 11: Standard Scores&SEMs 
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APPENDIXB 

RAW DATASUMMARY: 

DEMOGRAPHIC ANDEXPERIMENTAL 

RAW DATAFOR ALLPARTICIPANTS 
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APPENCIXC 

PARENTINFORMED CONSENTFORM 

AND 

CHILD ASSENTFORM 
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RESEARCHSTUDY ON"LANGUAGE-BASEDPROBLEM SOLVING AND 
LANGUAGE ABILITYIN CHILDREN WITHHEARINGIMPAIRMENT" 

PARENTINFORMED CONSENT 

Iama graduate student in audiology at the University ofTennessee,Knoxville. I 
aminterested inthe problem solving skills ofchildren who are hearing impaired. I would 
like to askfor your child to participate in astudythat will allow meto look at this issue. 
Your consentfor your child's participation will allow meto assess his/her language 
ability and problem solving skills. 

I will be asking your child to participate intwo 60-minute test sessions-atotalof 
no moretban two hours. Thetwo sessions maybe scheduled for the same day or ontwo 
different days. In one test sessions,I will be adnairiistering a test oflanguage ability 
(CELF-R),and in the other test session,I will be administering a vocabula^test(PPVT-
R),and atest ofproblem solving(TOPS-R). The results ofthese tests will be compared 
to determine howlanguage ability and vocabularyrelate to problem solving ability. I 
also request your permission to obtainthe following test results from your child's 
records: your child's hearing test results.Iam also requesting to know the age at which 
your child first began wearing hearing aids. Willyou provide this information? 

There are no known risks to your child for this study. The information in the 
studyrecords will be kept confidential. Data will be stored securely and will be made 
available only to mysclf,myadvisor,and to you. Your child's name willnot be used in 
oralor written reportsthat could link your child to the study. 

Ifyou have questions at anytime aboutthe study or the procedures,you may 
contact me,Katie Vaden,or myadvisor.Dr.JamesThelin at 544A South Stadium Hall 
onthe University ofTennessee,Knoxville campus or by phone at(865)974-1796. Ifyou 
have questions about your child's rights asa participant,you can contact the Compliance 
Section ofthe Office ofResearch at(865)974-3466. 

Your child's participation inthis study is voluntary and your child may decline to 
participate without penalty. Ifyour child withdraws fromthe study before data collection 
is completed,the data will be retumed to you or destroyed. 

Ihave read and understand the above information. I have received acopy ofthis 
form. I agree to participate and to allow my child to participate in this study. 

Parent's signature: Date: 
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RESEARCHSTUDY ON"LANGUAGE-BASEDPROBLEM SOLVING AND
^InGUAGEA^ITYIN CHILDREN WITH HEARINGIMPAIRMENT" 

CHILD ASSENT SCRIPT 

Thefollowing script will be used to secure the child's assent,prior to conducting the 
study. 

Jane/John,myname is Katie Vaden. Iam astudent andI work with people who have a 
hearing loss and wear hearing aidsjust like you do. I wantto learn ateuthow you solve 
problems and use language. I would like to have youcomplete a problem sol^g activity
and answer some questions. There are no right or wrong aiKwersto any ofthe questions,
and you willnot receive a grade for your answers. I wouldjust like to show yousome 
pictures and have you tell me whatthe pictures are and/or answer some questions about 
the pictures. I would like to meet with youtwo different days. Each meetmg timê  
take aboutone hour,and you may stop at anytime ifyou wish. Reineml^r,ifyou decide 
that you do not wantto do the activities with me,all you have to do is tell me,your 
parents,or yourteacher. 

• Do youthink it would be okto do the problem solving activities with you? 
Yes No 

• Would it be okfor me to ask yousome questions? 
Yes No 

• Do you have any questions? 
Yes No 

Rememberthat you do nothave to do this ifyou do not wantto. 

Child'sName 

Date 
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