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Most research of creative thinking abilities has focused on hearing children; significant factors that may contribute to the creative thinking of Deaf children are in need of further investigation. This study focuses on comparing creative thinking abilities of deaf and hearing children. Two groups of deaf (n=210) and hearing children (N=200) were chosen based on specific criteria. Torrance Tests of Creative Thinking-Figural, Form A was used. The findings of the multivariate analysis of variance (MANOVA) revealed that there are some similarities and differences between the deaf and hearing samples regarding creative thinking abilities. Both groups are different only in the abstraction of titles variable, and they are similar in the other five variables of creative thinking abilities.  

Because of the severity of some disability conditions and past inequalities of educational opportunity accorded individuals with disabilities, special abilities and talents among these children have often gone unrecognized and undeveloped. The current study focuses on deaf children. In general, children who are deaf or hard of hearing receive fewer special programs based on their abilities than programs based on disabilities (Laughton, 1988).  In schools for deaf children, educational objectives and goals tend to focus on remediation or normalization related to the different aspects of their disability. Consequently, deaf children have been less likely than their hearing peers to be screened, identified, and served by special programs to assess and develop their creativity (Whitmore & Maker, 1985).  Failure to identify and serve deaf children with creative thinking abilities is an indictment against the society and a problem that should not be tolerated (Johnson, Karnes, & Carr, 1997). Failure to identify and nurture creativity among the deaf is unfair to them and to society. Moreover, failing to actualize one’s potential creates a breeding ground for frustration and poor mental health. So, it is imperative to develop services to identify and nurture the potential of children who are creative and who also happen to be deaf. 

There are controversial findings as to whether deaf individuals possess the same creative thinking abilities as their hearing peers. Some investigators have cited that deaf children’s poor performance on several nonverbal tests of creative thinking is evidence of their conceptual concreteness and rigidity (Templin, 1950; Oleron, 1953; Myklebust, 1964; Singer & Lenahan, 1976). Others cited the lack of availability of effective communication style reduces the diversity of deaf students’ linguistic and nonlinguistic creative experiences (Liben, 1978; Watts, 1979; Hoffmeister, 1990; Holt, 1994).

Cornelius and Hornett (1990) reported that at a certain level of linguistic deficiency, deaf children are limited in providing the anticipated quantity and diversity of their imaginary play compared to their hearing peers. 

On the other hand, some investigators have observed that deaf individuals performed as well as their hearing peers and sometimes exceeded them on some creative tasks. Kaltsounis (1970) compared the creative thinking abilities of deaf students and hearing students by using Torrance Tests of Creative Thinking- Figural. He found that deaf subjects surpassed their hearing age-mates on measures of nonverbal fluency and originality; whereas, the hearing subjects were superior in nonverbal flexibility. Performance differences of the deaf subjects were especially large in the fourth and fifth grade samples compared to the sixth grade sample. Marschark and West (1985) examined creative story productions signed and spoken by four severely to profoundly deaf and four hearing 12 to 15 year old students. They videotaped the children while they were telling stories on two experimenter- supplied fantasy themes. The most important finding was the use of several creative language constructions by deaf as well as hearing subjects. Marschark and West also found that their deaf subjects produced novel and figurative constructions just as often as their hearing age-mates in the frequency of using gesture, pantomime, nonliteral linguistic modifications, and linguistic inventions. Marschark and West suggested that deaf school children are not necessarily tied to concrete, literal language when sign language is available as a communication mode. 

Laughton (1988) compared a traditional approach to art education with a curriculum designed to develop creative abilities of deaf students. Twenty eight profoundly deaf children between 8 and 10 years of age were exposed to one of the two curricula for 12 weeks during their regularly scheduled art classes. Pretest and posttest scores on the Torrance Tests of Creative Thinking –Figural were the dependent measures. Data analyses indicated significant improvement in two of the creativity measures (flexibility and originality) by the group exposed to the creative thinking curriculum. 

The findings of previous research suggest that deaf children might perform creatively when using nonverbal instruments. Deaf individuals have a well-documented deficit understanding and producing spoken language. On the other hand, the extent to which this deficit in language development affects their creative thinking is still open to more investigation- especially over a large sample of deaf individuals from culturally diverse populations.

Additional research is needed to explore creative thinking abilities of deaf children especially over a large sample of deaf individuals. The literature review had provided only a limited number of studies. There is a severe lack of updated findings regarding the nature of creative thinking abilities with regard to deaf individuals. The area of nonlinguistic creativity in deaf children, including fluency, originality, play, art, and cognitive flexibility needs more investigation to answer the question of how deaf individuals express their creativity, the role of language, and if they are similar to hearing individuals in creative expression. This information will assist educators to create more suitable assessment instruments to identify creative deaf students and design more valid programs to nurture creativity in deaf students. 

The purpose of the current study is to compare the creative thinking abilities of a group of deaf and hearing children. The following question was addressed:

Is there a significant difference between deaf children and hearing children in the six creative thinking abilities?

Method

Participants

Participants of the study consist of two groups:

Deaf Students

A group of 210 deaf children was selected based on the following criteria:

All children have unaided sensorineural pure tone average hearing loss for three frequencies (500, 1000, 2000 Hz) of 90 dB HTL or greater in the better ear; the hearing loss of deaf children ranged from 90 to 131 dB HTL (with a mean of 110 and standard deviation of 5.8); ninety-five of deaf children have deaf parents (both father and mother), 28 have deaf father, 17 have deaf mother, and 70 have hearing parents (both father and mother); deaf children are screened at the beginning of each academic year for the level of hearing loss; pre-lingual onset of hearing loss at birth or prior to age 2 years; no other diagnosed disabilities; the children do not use any hearing aids; chronological age between 8 and 11; identified as deaf by the age of 6 and enrolled at deaf schools at the same age; children spent two years practicing sign language (start at age 6); and they use sign language as the primary communication mode.

Hearing Students

A group of 200 hearing children was selected based on the following criteria:

Chronological age between 8 and 11; they enrolled in school at age 6; these children were chosen on the basis of convenience sampling. 

Research Design

Correlational research was chosen to conduct the investigation in this study because it allows a researcher to look for and describe relationships that may exist among naturally occurring phenomena without trying in any way to alter these phenomena (Fraenkel & Wallen, 2000, pp.359-363).

Instrument

Torrance Tests of Creative Thinking-Figural, Form A

The Torrance Tests of Creative Thinking (TTCT) were first published by E. Paul Torrance and his associates in 1966. The tests have been normed four times since in 1974, 1984, 1990, and 1998. There are two forms (A and B) of the TTCT-Verbal and two forms (A and B) of the TTCT-Figural. This study used only the TTCT- Figural (form A). The TTCT- Figural has much to support its use (e.g., Cropley, 2000). It has been translated into over 35 languages (Miller, 2002). The TTCT-Figural is the most widely used test of creativity (Colangelo & Davis, 1997), and has been used in more research than any other creativity test (Lissitz & Willhoft, 1985). The standard administration and scoring procedures (Davis & Rimm, 1994) as well as the development and evaluation (Colangelo & Davis, 1997) have made the TTCT especially useful for identifying gifted and talented students. The TTCT-Figural has had 25 years of extensive development and evaluation (Miller, 2002). It has large norming samples, valuable longitudinal validations, and high predictive validity for a very wide age range (Cropley, 2000). The TTCT-Figural are unbiased in terms of gender, race, and for persons who have various language, socioeconomic status, and cultural backgrounds (Torrance, 1974; Cramond, 1993). The scores can also be useful for counseling purposes (e.g., Cropley & Cropley, 2000). 

Each form of the test consists of three activities; each designed to tap somewhat different aspects of creative functioning. Following is a brief description of the activities included in the TTCT-Figural, Form A. 

Activity 1: Picture construction consists of a single curved shape.

Activity 2: Picture Completion consists of ten incomplete linear figures.

Activity 3: Lines, in Figural Form A, consists of three pages of sets of parallel lines. 

These three activities provide scores for five norm-referenced creative thinking abilities and 13 criterion-referenced abilities. Norm Referenced Creative Thinking Abilities are fluency, originality, abstraction of titles, elaboration, and resistance to premature closure. Fluency refers to the number of ideas a person expresses through interpretable responses that use the stimulus in a meaningful manner. Originality refers to the infrequency and unusualness of the response. Abstractness of titles refers to the ability to produce good titles involves the thinking processes of synthesis and organization. In scoring elaboration, credit is given for each pertinent detail (idea, piece of information, etc.) added to the original stimulus figure, its boundaries, and/or its surrounding space. Resistance to premature closure refers to the ability of a creative person to keep open and delay closure long enough to make the mental leap that makes possible original ideas. This is measured by the individual’s tendency to close the incomplete figures immediately with straight or curved lines or not (Torrance, 1998). In scoring for the criterion-referenced creative thinking strengths, any genuine appearance of a strength is indicated by a plus sign (+). If the strength appears three or more times, this is indicated by two plus signs (++). These creative strengths include: emotional expressiveness (in drawings, title), storytelling articulateness (context, environment), movement or action (running, dancing, flying, falling, etc.), expressiveness of titles, synthesis of incomplete figures (combination of 2 or more), synthesis of lines (combination of 2 or more), unusual visualization (above, below, at angle, etc.), internal visualization (inside, cross section, etc.), extending or breaking boundaries, humor (in titles, captions, drawings, etc.), richness of imagery (variety, vividness, strength, etc.), colorfulness of imagery (exactingness, earthiness, etc.), and fantasy (figures in myths, fables, fairly tales, science fiction, etc.).

Procedures

1. Prior to data collection, human subjects approval was obtained to administer the instruments on deaf and hearing children

2. Consent forms and information sheets were sent to parents of the deaf and hearing children who meet the criteria.

3. The administration of the instruments took place after the school day, so there was no interruption to the academic schedule. The TTCT-Figural, Form A was administered in groups (5 children in each group). 

4. After each administration session, candy, pencils, and notebooks were given to the children. 

5. Three raters participated in the scoring of TTCT-Figural, Form A. Three graduate students trained in the Torrance Center (The University of Georgia) scored the TTCT-Figural, Form A.

Results

Before discussion of the findings related to the research question, the steps taken to validate the instrument used in this study for deaf children are outlined.

Reliability

The test and retest scores were compared to examine the stability of the Torrance Tests of Creative Thinking-Figural, Form A, scores over time. 

Tables 1 and 2 reports a series of statistics for the children who had retested for both raw and standard composite and total scores. Pearson product moment correlation coefficients (r) were calculated to examine the relationship between the test and retest scores and are reported in Tables 1 and 2 along with the levels of significance. Using Cohen’s classification of correlation coefficients (Cohen, 1988. p. 123), all raw coefficients were significant and large, ranging from .76 to .91. All standard score coefficients were significant and large ranging from .64 to .92.

Table 1

Test-Retest Reliability Coefficients of the TTCT-Figural, Form A for

Raw Scores
	
	Raw scores

	TTCT-F
	r
	p
	t
	p
	d

	Fluency
	.77
	.023
	12.5
	.034
	.59

	Originality
	.79
	.031
	14.4
	.048
	.63

	Elaboration
	.87
	.039
	20.7
	.049
	.73

	Abstractness of Titles
	.76
	.022
	9.12
	.024
	.25

	Resistance to Premature Closure
	.81
	.034
	15.2
	.046
	.85

	Creative Strengths
	.91
	.046
	12.9
	.041
	.55


Table 2

Test-Retest Reliability Coefficients of the TTCT-Figural, Form A

for Standard Scores

	
	Standard Scores

	TTCT-F
	r
	p
	t
	p
	d

	Fluency
	.71
	.024
	1.06
	.034
	.05

	Originality
	.64
	.021
	-.17
	.011
	-.01

	Elaboration
	.84
	.036
	-.06
	.001
	.00

	Abstractness of Titles
	.70
	.023
	1.40
	.046
	.09

	Resistance to Premature Closure
	.79
	.033
	.96
	.031
	.05

	Creative Strengths
	.92
	.046
	-1.6
	.029
	-.07


Differences between the test and retest scores were analyzed by calculating a t test of means for paired samples. The paired samples t test evaluates whether the mean difference between the test and retest scores is significantly different from zero. These results indicate that the mean retest raw scores were significantly greater than the mean initial test raw scores for all composite and total scores for the TTCT-Figural, Form A. In contrast, there were no significant differences between the standard scores from test to retest.

The d statistic was computed as the effect size index by dividing the mean of paired differences by the average of the two standard deviations. As d diverges from 0, the effect size becomes larger. The effect sizes for differences between raw scores range from .25 to .85. Regardless of sign, d values of .25 represent a small effect size, but d values of .73 and .85 represent large effect sizes (Cohen, 1988). In contrast, the effect sizes of the differences in standard scores can even be classified as small (ranging from .00 to .09), indicating that there were not appreciable differences in standard scores from test to retest. These results indicated that the TTCT-Figural, Form A detects growth over short periods, based on changes in raw scores from test to retest. Moreover, these results show that the TTCT-Figural, Form A produced relatively stable rankings of children, even when these children showed significant improvement over a short period of time, based on the strong correlations of the raw and standard scores from test to retest. The test-retest data provided evidence of high stability for the TTCT-Figural, Form A over a two month retest interval.

Interrater Reliability of the TTCT-Figural, Form A

Interrater reliability of the TTCT-Figural, Form A was calculated by comparing the scores for pairs of three certified independent raters (graduate students at The University of Georgia). Estimates of interrater reliability were obtained by calculating generalizability (g) coefficients between each pair of raters. The g coefficient is a measure of the source and magnitude of variance accounted for by the participants and the rater (McWilliam & Ware, 1994). The g coefficient was chosen as a measure of reliability because it provides an index of whether the scores discriminate among children with varying creative thinking abilities, and not among coders, and considers multiple sources of error variance. I scored the majority of the samples used in this study after being stringently trained in the Torrance Center and receiving a scoring certificate, and therefore, was considered the expert (rater 1) for comparison with the other raters. The g coefficients are shown in Table 3.
Table 3

Generalizability (g) Coefficients of the TTCT-Figural, Form A

	
	Rater

	
	2
	3

	Fluency
	.92
	.89

	Originality
	.89
	.90

	Elaboration
	.74
	.79

	Abstractness of titles
	.91
	.95

	Resistance to Premature Closure
	.89
	.93

	Creative Strengths
	.97
	.98

	Total Scores
	.95
	.97


As the g coefficient approaches 1, the variance accounted for by the children is large in comparison with the variance accounted for by raters (Bakeman & Gottman, 1997). The g coefficients that are in range of at least .5 to .7 are considered acceptable for demonstrating interrater reliability (Mitchell, 1979). The g coefficients in Table 3 indicate that the TTCT-Figural, Form A raters exhibit high interrater reliability for all the subtests and very high interrater reliability for the total scores.

Validity

One useful way of conducting validity studies is analyzing the latent structure of the instrument which is a type of construct validity study. I analyzed the TTCT in order to understand its latent structure, to confirm its validity. In this regard, I conducted confirmatory factor analysis to test the fit of the proposed two –factor model with the entire sample, using the LISREL 8.53 program (Jöreskog & Sörbom, 2002). I used covariance matrices generated by the PRELIS 2.51 program (Jöreskog & Sörbom, 2002) as input to LISREL to analyze the confirmatory factor analysis model. All of the correlation coefficients between the variables were significant at the .01 level except Abstraction of Titles (significant at the .05 level). These finding provide evidence about construct validity of the instrument on deaf population.

Multivariate Analysis of Variance (MANOVA)

Means and standard deviations for the TTCT-F scores for each group (deaf and hearing) are shown in Table 4. I screened the data for outliers using DeCarlo’s (1997) SPSS Macro. I found no significant outliers. Also, I examined the values of skewness and kurtosis in order to see whether each variable was approximately normally distributed. No values of the skewness were greater than 2. However, several kurtosis values were slightly high.  There were no missing values so that

 all of the participants were used in the analysis.
Table 4

Means and Standard Deviations of Raw Scores for Deaf and Hearing Children

	 
	Mean
	Standard Deviation

	
	Deaf (n=210)
	Hearing (n=200)
	Deaf (n=210)
	Hearing (n=200)

	Fluency
	12.99
	14.25
	6.73
	6.44

	Originality
	11.78
	13.78
	6.81
	6.72

	Elaboration
	11.10
	12.68
	4.52
	4.57

	Abstractness of Titles
	14.40
	18.40
	7.24
	8.92

	Resistance to Premature Closure
	15.06
	15.39
	7.15
	7.82

	Creative Strengths
	12.85
	13.09
	5.25
	5.02


Multivariate analysis of variance (MANOVA) was carried out by using SPSS 11.0. MANOVA is used to simultaneously compare mean differences on the two sets of scores on the outcome variables (Anderson, 2003). 

The test statistics employed are Wilks lambda, Pillai’s criterion, Hotelling’s trace, and Roy’s largest root. Table 5 details the multivariate statistics are statistically significant.

Table 5

Multivariate Test Statistics Comparing Deaf and Hearing Children on Creative Thinking Abilities

	Statistics
	Value
	Approximate

F Statistics
	Significant of F

	Wilks lambda
	.17185
	2.7635
	.030

	Pillai’s trace
	.18835
	2.8123
	.031

	Hotelling’s trace
	.85049
	2.705
	.027

	Roy’s largest root
	.13522
	
	


The MANOVA revealed a significant overall effect (Wilks lambda = .17, p < .05). Both tau squared (τ2) and zeta squared (ζ2) were computed as indices of effect size. Tau squared (τ2) was equal to .74 and zeta squared (ζ2) was equal to .76. The discriminant function that results from the descriptive discriminant analysis may be used to calculate a discriminant score for each child. The discriminant scores are then correlated with each variable. These resulting correlations are referred to as structure coefficients. In the current study, these structure coefficients were based upon the total sums of squares and cross-product matrices. Structure coefficients greater than .3 are considered to be meaningful. Table 6 represents the structure coefficients for creative thinking abilities.

Table 6

Structure Coefficients for Creative Thinking Abilities

	Variable
	Structure Coefficient

	Fluency
	-.55

	Originality
	-.07

	Elaboration
	.21

	Abstractness of Titles
	.83

	Resistance to Premature Closure
	.28

	Creative Strengths
	.23


The results from the MANOVA indicate that deaf children are different from hearing children in creative thinking abilities with respect to the abstractness of title variable. Tuckey HSD tests revealed that the hearing children scored significantly (p< .05) higher than the deaf children in fluency, originality and abstractness of titles. However, there were no significant differences between the deaf and hearing children in elaboration, resistance to premature closure, and creative strength (p< .05) in all cases.

Discussion

Despite the fact that creative thinking abilities are well-researched topics with nondisabled persons of different ages, there have been no attempts to study several creative thinking abilities of deaf children in a cohesive conceptualization, nor to compare these abilities of deaf children to those of hearing children in large deaf populations. In this context then, the purpose of this study was to compare creative thinking abilities of deaf and hearing children. Results from this study will be discussed in reference to the research question stated and the literature reviewed. Reliability of the Torrance Tests of Creative Thinking-Figural, Form A has been established through the test-retest method by using Pearson product moment correlation coefficient. The validity of the instrument was established through confirmatory factor analysis. Because of the large number of children who participated in the study, three certified independent raters have scored the TTCT-Figural. Thus, estimates of inetrrater reliability were conducted between each pair. The analysis revealed high inetrrater reliability coefficients. 

The findings of the multivariate analysis of variance revealed that there are some similarities and differences between the deaf and hearing samples regarding creative thinking abilities. Both groups are different only in the abstraction of titles variable, and they are similar in the other five variables of creative thinking abilities.  

The difference in the abstraction of titles variable between deaf and hearing children raise the issue of the effect of a language deficit in deaf children on the cognitive and creative performance. Earlier research, which examined deaf children's language abilities, had concluded that they were concrete and literal in their language abilities, and, by extension, concrete and literal in their cognitive abilities (e.g. Blackwell, Engen, Fischgrund & Zarcadoolas,1978). Everhart & Marschark (1988), however, showed that, when evaluated in sign language rather than English, deaf students showed language flexibility and creativity equal to or superior to that of hearing students of the same age. Most obviously, deaf children, as a group, are more heterogeneous than hearing students. Beyond variability that may be directly related to their hearing losses, and beyond the normal variability found among children, deaf children frequently have different experiences, different language backgrounds, and perhaps different cognitive skills. This does not mean that deaf students are in any way deficient (Marschark, 2003).

Stokoe & Marschark (1999) noted that in the case of children acquiring their first language, the language used by adults around the child could affect the child’s cognitive development and make cognitive and cultural environmental connections. The underlying conceptual system is unlikely to be language-specific or even specific to a particular mode of language; although particular concepts may well vary in their availability or ease of communication in one language (or language mode) or another. It thus seems safe to assume that the more directly communication--whether by gesture, spoken language, or sign language--maps onto the world, the easier it will be to comprehend the cognitive tasks. 

In this study, multiple facets of creative thinking of deaf children became apparent. The TTCT-F provides valuable information to the teachers of the deaf who can thereby foster their students’ creative thinking by integrating humor, thinking, feeling, intuition and physical sensing into their instruction. By constantly adjusting their program through detailed observations over time, teachers can show different learners how to use their strengths to improve academic and social performance.

Implication

Assessment of creativity or creative potential is generally acknowledged as a key component in the definition of giftedness in addition to general intelligence and specific academic achievements. When an assessment confirms that a student is creative/deaf, this study suggests that programming should take into account those areas in which creative aspects resemble both those of the creative and deaf. Like those who are creative hearing children, children who are creative/deaf require enriching and stimulating cognitive experiences where they can use their problem solving abilities, independent research skills, initiative, ability to elaborate and to express both their sense of humor and feelings. 
Based on the findings of the current study, there exists a need to improve assessment procedures used to assess creative thinking abilities and reasoning abilities of deaf learners. With these needs in mind, I sought to provide some ideas to improve the assessment instrument that is currently used and the assessment process for deaf children. Accordingly, assessment objectives must focus on specific, higher order cognitive skills. I believe that this is important in guiding the development of instruments that ensures that deaf learners have various opportunities to express their abilities at advanced levels. 

Also, assessment of creativity in deaf children should include: tests of divergent thinking; attitude and interest inventories; personality inventories; biographical inventories; rating by teachers, peers, and supervisors; judgment of products; and self-reported creative activities and achievements.

Limitations

There are a few limitations that should be considered in this study. 

· No attempt was made to determine if any of the participants (deaf and hearing) had training in creative thinking.

· Hearing children were selected on the basis of convenience sampling procedures. From my viewpoint, it would be more beneficial if these children were selected by random sampling procedures.

· No attempt was made to investigate the language variability among the deaf children. Further investigation is needed on the same sample of deaf children concerning the language variable and its relation to reasoning and creative thinking abilities. 

· The participants of the study were deaf and hearing children. If each group were divided into subgroups based on the age of the participants, it might reveal more significant underlying constructs.
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