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Abstract

The purpose of this study was to investigate Howard Gardner's (1983) Multiple

Intelligences theory, which proposes that there are eight independent intelligences:

Linguistic, Spatial, Logical/Mathematical, Interpersonal, Intrapersonal, Naturalistic,

Bodily-Kinesthetic, and Musical. To explore Gardner's theory, two measures of each

ability area were administered to 200 participants. Each participant also completed a

measure of general cognitive ability, a personality inventory, an ability self-rating scale,

and an ability self-report questionnaire. Nonverbal measures were included for most

intelligence domains, and a wide range of content was sampled in Gardner's domains.

Results showed that all tests of purely cognitive abilities were significantly correlated

with the measure of general cognitive ability, whereas Musical, Bodily-Kinesthetic, and

one of the Intrapersonal measures were not. Contrary to what Multiple Intelligences

theory would seem to predict, correlations among the tests revealed a positive manifold

and factor analysis indicated a large factor of general intelligence, with a mathematical

reasoning test and a classification task from the Naturalistic domain having the highest ^-

loadings. There were only minor sex differences in performance on the ability tests.

Participants' self-estimates of ability were significantly and positively correlated with

actual performance in some, but not all, intelligences. With regard to personality, a

hypothesized association between Openness to Experience and crystallized intelligence

was supported. The implications of the findings in regards to the nature of mental

abilities were discussed, and recommendations for further research were made.
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Beyond g: Putting Multiple Intelligences Theory to the Test

In 1904, Charles Spearman set out to investigate the structure of mental abilities

and discovered that correlations between several ability measures, including

visualization, vocabulary, mathematical ability, and judging musical pitch, were always

positive. Spearman referred to this phenomenon as a positive manifold, and his

conclusion that it was attributable to a factor of general intelligence (g) underlying all

cognitive tasks has stood the test of time. Intelligence testing and statistical methods have

been refined immensely since Spearman's day, but the existence ofg remains

fundamental to many modem theories of the structure of mental abilities.

Louis Thurstone (1938), on the other hand, suggested that intelligence was best

understood in terms of group factors that were relatively independent of each other.

Thurstone posited nine primary mental abilities: verbal relations, perceptual speed, spatial

ability, numerical facility, word fluency, memory, induction, deduction, and restriction.

He suggested that it was the combination of these primary abilities that would determine

an individual's performance on any complex cognitive task.

Hierarchical views of mental abilities (e.g., Vernon, 1961) dominate the

intelligence literature today. These theories, grounded in empirical support, have

successfully incorporated the findings of both Spearman and Thurstone, by including

group factors in addition to g. While the number of levels can vary fi-om one hierarchical

model to another, g is always at the top of the hierarchy, and narrow, specific factors at

the bottom. Vernon's model was highly complex and included major group factors of

verbal/educational and mechanical/spatial, yet the author maintained that most variance

in human abilities in daily life could be attributed to g.





In 1993, Carroll put forth a "three-stratum model" based on his factor analysis of

461 data sets. His first stratum, or level, consists of about 60 narrowly-defmed primary

factors, such as visualization, visual memory, deductive reasoning, and recollection of

tunes. Correlations among these first-stratum factors produce a set of eight second-

stratum factors: fluid intelligence, crystallized intelligence, general memory and learning,

broad visual perception, broad auditory perception, broad retrieval ability, broad

cognitive speediness, and processing speed. These abilities are positively inter-correlated,

but they reflect the fact that individuals vary somewhat in their cognitive strengths and

weaknesses. When these second-stratum factors are analyzed, a single third-stratum

factor of general intelligence emerges.

Multiple Intelligences

The notion of general intelligence had been broadly accepted by psychologists

when Howard Gardner introduced Multiple Intelligences (MI) theory in his 1983 book.

Frames ofMind, proposing that there are several independent ability areas. Gardner

(1993) described intelligence as a biopsychological potential that could be influenced by

experience, culture, and motivational factors. He defined intelligence as the ability to

solve problems, or to fashion products, that are culturally valued. Gardner (1983) initially

proposed that there were seven intelligences: Linguistic, Spatial, Lx)gical/Mathematical,

Interpersonal, Intrapersonal, Bodily-Kinesthetic, and Musical. He has more recently

(Gardner, 1999) added Naturalistic intelligence and has suggested that an existential

intelligence might exist, but that a hypothesized spiritual intelligence does not.

Gardner (1999) has stated that his choice of the word "intelligences" was a
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deliberate one, noting that if he had written a book referring to "faculties" or "gifts," it is

unlikely that his theory would have garnered the attention that it has. Gardner has

professed to be quite willing to refer to his eight intelligences as talents or abilities, but

only if verbal and quantitative abilities are referred to as talents. Gardner has argued that

there is no hierarchy of ability, and that verbal and logical/mathematical intelligence are

of no greater real-life importance than any of the other intelligences.

Gardner ( 1 999) noted that he reviewed hundreds of studies before publishing

Frames ofMind, and that he assessed all candidate intelligences on the basis of eight

criteria: the potential of isolation by brain damage; an evolutionary history and

evolutionary plausibility; an identifiable core operation or set of operations; susceptibility

to encoding in a symbol system; a distinct developmental history; the existence of

savants, prodigies, and other exceptional people; support from experimental

psychological tasks; and support from psychometric findings. Gardner (1983) noted that

the criteria were somewhat flexible; some intelligences which might have met all criteria,

such as face-recognition, were discarded because they were not culturally highly-valued.

In addition, Gardner retained candidate intelligences which seemed promising even if

they did not meet every criterion.

MI theory was enthusiastically welcomed by educators and parents. Here,

Gardner's message that children have unique and diverse abilities meshed well with

educators' intuitive sense that children learn in very different ways. Indeed, Gardner's

premise seemed far more egalitarian than did notions ofg. MI theory seemed to say that a

child who performed poorly in math and reading had just as great a chance as anyone else

at being successful in music, art, physical education, or even geography: everyone is
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smart in some way. At a time when standardized testing in U.S. schools had become

highly controversial, Gardner claimed that intelligence tests measured nothing but verbal

and logical/mathematical ability, the two intelligence domains most valued in school.

Whereas IQ tests could predict academic success, he insisted that they had httle utility in

predicting success beyond school (1983, p. 3). This claim, however, is clearly

contradicted by Gottfredson's (2002) finding that no meta-analysis has reported

exceptions to the generality ofg in predicting job performance, with brighter employees

always performing better on average than less intelligent employees.

Although the educational community has embraced MI theory, psychologists have

accused the theory of lacking scientific rigor (Alix, 2000; Klein, 1998). Gardner (Gardner

& Connell, 2000) responded to this accusation by claiming that social scientists, unlike

physical scientists, do not set out to create deductive and predictive theories. Instead,

Gardner noted that he introduced MI theory with tentative language, aware of the fact

that it would be unable to account for all phenomena. Similarly, Gardner (1999) has

elsewhere identified his theory as empirically-based, and thus, fallible in the light of new

findings: "The questions to ask of a new theory are whether it stimulates important

questions and investigations, and whether its initial delineation of factors appears to be on

the right track" (p. 86). Chen (2004) maintained that MI theory qualified as scienfific

theory, but not because it met any particular set of scientific principles. Chen argued that

first, intelligence is not a tangible, measurable object, and that theoretical hypotheses and

methodologies will differ from those of physical sciences; and second, that the theory's

value is in its contribution to educational understanding and practice.

While Gardner (1999) now acknowledges the existence ofg, he continues to
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question its explanatory power. In addition, he continues to maintain that each

intelligence has unique processing resources, and that there are no horizontal capacities,

such as memory or creativity, that cut across all intelligences. Instead, he views creativity

as an operation performed within a domain, rather than a general, cross-cutting ability.

Gardner (1999) has stated that executive functioning likely emerges from Intrapersonal

intelligence rather than constituting an intelligence of its own or a horizontal capacity.

While stating that he has no objection to others invoking an executive function, Gardner

said that for the purposes of modeling mental abilities, "it is useful to see whether one

can explain human behavior in the absence of such hierarchical considerations, or

whether the hierarchy can emerge naturally, as part of everyday functioning, rather than

by invoking a separate executive intelligence" (p. 106).

Gardner's acknowledgement that g can exist, along with his argument that g does

not compromise MI theory, has led to criticism that the theory lacks falsifiability (e.g.,

Klein, 1998). In his review ofFrames ofMind, Messick (1992) stated that Gardner had

selectively drawn upon research that supported his view while ignoring or downplaying

results of factor analyses that are unexplained by MI theory. In response to accusations

that Multiple Intelligences theory could not be disproved, Gardner (1993, p. 38) stated

that there were several experiments which could disconfirm his theory, including tests of

the universality of intelligences, the developmental stability of the intelligences, or the

independence of the intelligences. In the same publication, however, Gardner claimed

that it was not essential to his theory that intelligences be entirely independent (1993, p.

41-42) and Torff and Gardner (1999) said of MI theory, "It is not the kind of theory that

can be proved or disproved by crucial experiment" (p. 140). Klein (1998) has suggested
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that the problem of falsifiability is compounded by Gardner's circular definitions of his

intelligences: "Why are some people good at composing or interpreting music? Because

they have high musical intelligence. What is musical intelligence? It is the ability to

compose and interpret music" (p. 107).

Carroll (1993) has pointed out that Gardner's intelligences bear a striking

similarity to the second-stratum factors of his hierarchy. For example, Carroll noted that

Linguistic intelligence corresponded to the factor of crystallized intelligence, Musical

intelligence to auditory perception ability, Logical/Mathematical intelligence to fluid

intelligence, and Spatial intelligence to visual perception. Interpersonal intelligence, said

Carroll, was represented to some extent in one of the knowledge factors, knowledge of

behavioral content. Carroll stated that only Bodily-Kinesthetic and Intrapersonal

intelligences appeared to have no counterpart in second-stratum factors. However,

psychomotor ability is not typically recognized as an important component of cognitive

ability and, thus, Bodily-Kinesthetic intelligence would not be represented in Carroll's

model. Carroll noted that adequate measures of intrapersonal ability have never been

included in factor analytic studies of cognitive structure. Gardner had not introduced his

eighth ability. Naturalistic intelligence, at the time of Carroll's writing, but the

categorization of objects would seem to be related to logical reasoning.

Carroll (1993) has argued that a human ability is revealed by differences in levels

of task difficulty on a defined class of tasks. The broader the class of tasks, the more

general the ability is. Presumably, the converse would be true, that performance on a

narrower class of tasks would be better predicted by a more specific ability that is

conceptually relevant to the same task. Gardner's Musical intelligence should, thus, be a
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better predictor of musical performance than would g, even if musical ability is itself g-

loaded. In contrast with this "specific is better" argument is the abundance of evidence

that g is a good predictor ofjob performance. For many years, the pervading belief

among personnel psychologists was that different specific aptitudes and abilities were

required to predict performance in different jobs, but the accumulation of evidence has

shown that g is an important predictor of performance in any job (Humphreys, 1986).

While the eight intelligence domains are theoretically independent, Gardner

(1993) has acknowledged that two or more could overlap. He cautioned, however, that

such correlations would have to be found and replicated across cultures before they could

be assumed to be valid, rather than the result of statistical or cultural artifact. He has

speculated that correlations among subtests of standardized intelligence tests occur

because the tasks all rely on rapid responses to items which are heavily based on

logical/mathematical and linguistic abilities. However, Messick (1992) noted that

variability in reading ability should not influence intelligence test performance as long as

all participants are able to easily understand the task instructions. While Gardner

expressed concern about the "verbal lens", Messick claimed that the reasoning

component of Logical/Mathematical intelligence is far more ubiquitous. Messick noted

that the reasoning that a person employs to solve a novel task in a different intelligence

domain appears more similar to a horizontal, cross-cutting ability than to method

variance. , *

Assessment ofMultiple Intelligences

Gardner (1999) has claimed that Linguistic and Logical/Mathematical
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intelligences are the domains most highly valued in school and most heavily represented

on traditional intelligence tests. The challenge, he has said, is to develop assessment tools

that are "intelligence fair"; that is, measures that do not assess intelligence through the

lens of verbal, or any other, ability. A difficulty with the measurement of the eight

intelligence domains is that Gardner believes that not only should assessment be

intelligence-fair, but that it should reflect an individual's success in completing

culturally-valued tasks that rely on particular intelligences (Gardner, 1999), rather than

the completion of paper-and-pencil tests. Given Gardner's (1999) contention that the

performance of real-life activities necessarily employs the combination of two or more

intelligences, assessment would seem to be an impossible task. In addition, Gardner has

emphasized the importance of having tests administered with familiar materials. For

example, Gardner (1999) suggested that Musical intelligence could be tested by exposing

a person to a new melody, then exploring how quickly they learn to sing, recognize, and

transform it. He has also noted that in working with preschoolers, he has had children

take apart and reassemble pencil sharpeners and doorknobs to assess

Logical/Mathematical, Spatial, and Bodily-Kinesthetic intelligence. It is unclear as to

how this assessment of the combination of three abilities is intelligence-fair or how each

ability could be assessed independently by such a test.

Gardner (1993) stated that he and colleagues were engaged in efforts to create

operational definitions and diagnostic procedures for each intelligence area, although he

admitted that it could be difficult to define and assess Intrapersonal and Interpersonal

intelligences. In 2005, there still do not appear to be standardized testing instruments for

the multiple intelligences. Existing measures, such as Teele Inventory of Multiple
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Intelligences (TIMI; Teele, 1992) and the Multiple Intelligences Developmental

Assessment Scales (MIDAS; Shearer, 1996) are self-report inventories rather than

maximum-performance tests, and typically include items related to interests and learning

preferences rather than abilities alone. Gardner (1993, 1999) has repeatedly stated that MI

theory is quite distinct from learning style, in that learning styles are horizontal, cutting

across intelligence domains, whereas each intelligence is content-specific.

It is unclear whether MI self-report measures are sound predictors of the

intelligences, in the sense that the measures share strong convergent and weak

discriminant correlations with measured abihty. McMahon, Rose, and Parks (2004)

reported that only TIMI Logical/Mathematical intelligence was a significant predictor of

whether 288 fourth graders were below versus at or above grade level in reading

achievement, suggesting either psychometric issues with the measure and/or an overlap in

the intelligences. Shearer (1994) correlated fiill-scale IQ and ability measures with the

Hillside Assessment of Perceived Intelligence (HAPI; Shearer, 1991), and concluded that

the results supported HAPI's validity, despite the fact that estimated full-scale IQ was

correlated with all HAPI measures; the lowest correlation was between IQ and HAPI

Kinesthetic (r = .23). Additionally, Shearer admitted that some correlations were

problematic, such as an Expressional Fluency test correlating more highly with HAPI

Spatial-Perceptual (r = .59) than with HAPI Linguistic (r = .48). While Shearer's results

could be seen as reflecting psychometric problems with HAPI, it seems equally likely

that the results reflect reality—that is, a positive manifold emerged because all the ability

measures tap into general intelligence. Similarly, when Shearer validated the MIDAS-

KIDS (personal communication, October 7, 2003), correlations between the self-reported
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abilities ranged from .39 (Logical and Musical) to .72 (Interpersonal and Intrapersonal),

suggesting that children regard their own abilities as somewhat consistent.

The Intelligences

Below, the eight "intelligences" as conceptualized by Gardner (1 993) are

described in detail, with the aim of identifying the range of abilities subsumed by each

domain and of examining the cognitive demands of tasks assessing these abilities. Based

on this analysis, the tasks to be assessed as indicators of the various intelligences will be

identified.

Linguistic Intelligence. Gardner has described Linguistic intelligence as

sensitivity to spoken and written language and ability to use language to accomplish

goals, as well as the ability to learn new languages. Lawyers, public speakers, writers,

and poets all possess high levels of linguistic intelligence, according to Gardner.

The Linguistic intelligence domain as described by Gardner seems to encompass

a large number ofprimary abilities. Thurstone, for example, differentiated between word

fluency and verbal ability, two of his seven primary mental abilities, whereas Gardner

would include both under the domain of Linguistic intelligence. Carroll (1993) noted that

the line between the language domain and other domains, such as reasoning, is a difficult

one to draw. Factors identified by Carroll in the language domain include language

development, printed language comprehension, lexical knowledge, reading

comprehension, reading speed, spelling ability, grammatical sensitivity, foreign language

aptitude, oral production, writing ability, and others. Carroll noted that measures of

language skills are substantially correlated with other cognitive abilities and that
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vocabulary measures are among the best predictors of general intelligence. Gardner

would likely argue that this relationship exists because measures of general intelligence

tend to be heavily verbal.

Two important aspects of linguistic ability are vocabulary and associational

fluency. Vocabulary would seem to be part of Thurstone's verbal ability construct.

Interestingly, measures of vocabulary are typically highly correlated with full-scale IQ.

For example, of the 1 1 subtests that constitute the full-scale Wechsler Intelligence Scale

for Adults, 3"^ edition (WAIS-III; Wechsler, 1997), the manual reports that Vocabulary

has the largest g loading. While there is clearly a crystallized component of vocabulary,

with its acquisition depending on exposure to words, Jensen (1991) argued that the broad

heritability of vocabulary is convincing evidence of its value as an indicator ofg. Carroll

(1993) suggested that vocabulary measured verbal ability, acculturation, and crystallized

intelligence. , «

Associational fluency, on the other hand, would seem to be part of Thurstone's

word fluency primary ability. Associational fluency involves the association ofwords and

falls into Guilford's (1967) factor of Divergent Production of Semantic Units (DMU), a

category mvolving the generation of ideas based upon relationships. Associational

fluency involves a search of long-term memory and the use of semantic flexibility

(Ekstrom, French, Harman, & Dermen, 1976). The ability to generate several words that

are associated by meaning should involve crystallized intelligence as well as divergent

thinking. Carroll (1993) described Associational Fluency as a first-order factor in the

domain of Idea and Language Production, that loaded on the second-stratum factor of

Broad Retrieval Ability. n !
i
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'
! To measure Linguistic intelligence, the current study will include measures of

associational fluency as well as vocabulary.

' Spatial Intelligence. Gardner defined Spatial intelligence as the ability to

recognize both large and small visual patterns. He has noted that navigators and pilots

would possess spatial intelligence, as would sculptors, surgeons, chess players, and

architects.

Gardner (1983) suggested that spatial ability comprised several underlying

capacities, such as the abiUty to accurately perceive visual stimuli, to transform and

modify one's initial perceptions, and to re-create visual stimuli in the absence of such

stimuli. He described spatial capacities as being important to the recognition of objects

and scenes, orienting oneself, and working with graphic depictions, such as diagrams and

maps. While spatial ability is primarily perceived and expressed through the visual

modality, Gardner noted that spatial tasks can be tactile as well.

Gardner (1983) described a basic distinction between static and active forms of

spatial knowledge. Manipulating a mental object would be an active form, while merely

holding a mental image was static. Gardner's static form of spatial knowledge seems to

be related to visual memory, which Carroll (1993) reported to be a part of the memory

and learning domain, while visualization is clearly active. Carroll (1993) identified

several first-order factors as falling within the visual perception or spatial domain,

including visualization, spatial relations, closure speed, closure flexibility, and perceptual

speed. '

* Two important elements of Spafial intelligence are spatial visualization and

spatial scanning. Spatial visualization refers to the ability to imagine the movement of an
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object and is typically measured with mental rotation tasks. Carroll (1993) noted that

visualization tasks are often very similar to tests of Spearman's g, such as Raven's

Progressive Matrices. Hegarty and Waller (2004) determined that, although correlated,

spatial visualization was distinct from perspective taking. Spatial scanning is the ability

to scan a field quickly, visually follow paths, and reject false leads (Ekstrom et al, 1976).

Carroll (1993) tentatively identified this capacity as a first-order factor, but stated that

further research was necessary before it could be considered independent and interpreted

accordingly.

To evaluate Spatial intelligence, the current study will include both a visualization

and a spatial scanning measure, in order to include both an active and a static spatial task.

These two tasks also address two important elements in Gardner's description of Spatial

intelligence: the capacity to mentally manipulate objects, and the ability to work with

maps.

Logical/Mathematical Intelligence. Gardner described Logical/Mathematical

intelligence as the ability to study problems, carry out mathematical operations logically

and analytically, and conduct scientific investigations. Gardner identified

mathematicians, logicians, and scientists as professionals who would possess high levels

of this intelligence.

Logical/Mathematical abilities are not clearly distinguishable from other domains

in factor analytic studies. Reasoning, the domain most comparable to Gardner's "logical"

abilities, corresponds to six first-stratum factors according to Carroll (1993). General

reasoning, verbal reasoning, induction, quantitative reasoning, syllogistic reasoning and

classification ability all fall into Carroll's category of reasoning. Quantitative reasoning.
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typically measured in tasks requiring individuals to reason with concepts involving

mathematical relations to arrive at correct conclusions, seems to be most related to

Gardner's Logical/Mathematical intelligence domain. According to Carroll, however,

quantitative reasoning is highly g-loaded. To maximize the validity of quantitative

reasoning, Carroll suggesting minimizing demands for speed, vocabulary, syntax, spatial

visualization, and complexity of numerical computations in the tasks.

Numerical facility, on the other hand, appears to measure a different aspect of

mathematical ability, and one that is less g-loaded. Numerical facility is measured with

tasks requiring participants to quickly perform simple arithmetic computations, such as

addition, subtraction and multiplication. Carroll suggested that numerical facility is also

related to working memory as well as perceptual speed.

To best represent the breadth of Gardner's Logical/Mathematical domain, the

current study will include measures representing both quantitative reasoning and

numerical facility.

Interpersonal Intelligence. According to Gardner (1983), an individual who is

high in Interpersonal intelligence understands the intentions, motivations, needs, and

desires of others, and is capable of working effectively with them. Gardner stated that

teachers, clinicians, salespeople, politicians, and religious leaders all use Interpersonal

intelligence. .
.

Interpersonal intelligence appears to be closely related to the construct of

emotional intelligence. Indeed, Gardner (1999) claimed that emotional intelligence was a

combination of intrapersonal and interpersonal abilities. Davies, Stankov, and Roberts

(1998) reported that emotional intelligence questionnaires were problematic in that they
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appeared to be tapping into personality, but that objective measures currently in use have

poor reliability. The authors concluded that emotion perception might be the only aspect

of emotional intelligence that could meet the criteria to be considered a trait. In a study

incorporating self and other ratings of emotional intelligence, academic intelligence and

personality. Van der Zee, Thijs, and Schakel (2002) found three emotional intelligence

factors they labeled as Empathy, Autonomy, and Emotional Control. The authors

reported little relationship between emotional intelligence and academic intelligence but,

similar to the findings of Davies et al. (1998), there were strong relationships between

emotional intelligence factors and the Big Five personality factors, particularly

Extraversion and Emotional Stability. In this study, emotional intelligence predicted

academic and social success over and above academic intelligence and personality,

lending support to the notion that it is a unique construct.

Whether the construct of emotional intelligence is associated with intelligence or

with personality seems to depend on how it is measured. O'Connor Jr. and Little (2003)

reported that an ability-based measure of emotional intelligence was correlated highly

with cognitive ability, but not with personality. A self-report inventory of emotional

intelligence, on the other hand, was highly correlated with personality but not with

cognitive ability. Schulte, Ree, and Carretta (2004) reported that performance on an

ability-based measure of emotional intelligence was predicted by general cognitive

ability, Agreeableness, and sex, with women scoring higher than men in emotional

intelligence. The authors concluded that the notion of emotional intelligence as a unique

construct was not supported.

In the present study, Interpersonal intelligence will be evaluated with maximum
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performance tests. One measure will assess participants' ability to understand differences

in the meanings and intentions of statements made in varying social contexts, which

O' Sullivan and Guilford (1976) called cognition of behavioral transformations. The

authors described people who were high in this ability as being able to interpret

expressions and situations accurately, and be quick to correct social errors. The second

test will measure the ability to anticipate correctly the social consequences of various

courses of action, using an entirely nonverbal format.

Intrapersonal Intelligence. Gardner described Intrapersonal intelligence as the

ability to understand and have an effective working model of oneself Intrapersonal

intelligence includes the awareness of one's own desires, fears, and abihties, and also

using this information to make sound life decisions.

From Gardner's description, it appears that having a clear conception of oneself is

a key component of Intrapersonal intelligence. In an investigation of the nature of self-

esteem, Campbell (1990) operationalized self-concept clarity by having participants make

"me/not me" decisions for a 48-item list of adjectives, which contained terms

representing opposite poles of various personality traits. Campbell was then able to

examine the inconsistency of participants' self-descriptions by determining to what extent

they endorsed opposites to describe themselves. Campbell reported that this measure

effectively distinguished two groups who were hypothesized to differ in self-concept

clarity. Therefore, this task might serve as an indicator of Intrapersonal intelligence.

Intrapersonal intelligence, as described by Gardner, seems to be somewhat related

to metacognition in general and to self-monitoring in particular. That is, the individuals

with high intrapersonal intelligence should be aware of what they know as well as what
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they do not know. However, Stankov (2000) reported that his research has found very

little correlation between self-monitoring, as measured by the difference between a

confidence score and the actual percentage of correctly solved items, and intelligence.

These findings could be interpreted as support for Gardner's contention that intrapersonal

ability is an independent area of intelligence. Self-confidence is a reliable trait which is

moderately correlated with measures of both intelligence and personality, according to

Stankov. The author concluded that self-confidence, as a stable trait, straddles the

borderline of personality and ability. Stankov stated that, in the search for a trait broader

than self-confidence or self-monitoring, there has been some evidence that self-

evaluation, the awareness of the quality of one's work following performance, is

distinguishable fi^om self-confidence. This broad metacognitive factor, if uncovered,

might be a construct compatible with Gardner's Intrapersonal intelligence. Thus,

measures of the extent to which individuals can accurately judge their relative strengths

and weaknesses might serve as an index of Intrapersonal intelligence.

There will be two measures of Intrapersonal intelligence in the current study. The

first will examine consistency of self-described personality, while the second will be a

measure of the accuracy of participants' self-ratings of their abilities in each intelligence

domain. • . , -

Naturalistic Intelligence. Gardner (1999) described a naturalist as one who is able

to recognize and classify objects, suggesting that hunters, farmers and gardeners would

have Naturalistic intelligence, as would artists, poets, and social scientists who are adept

at pattern-recognition. He stated that a marketing professional who promotes the small

differences between competing products is applying Naturalistic intelligence, as is the
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individual who can recognize cars from the sounds of the engines.

Gardner stated that dramatic examples of naturalistic ability and its impairment

come from clinical and experimental studies of brain-damaged individuals who are able

to recognize and name inanimate objects although they have lost the ability to identify

living things. Conversely, he said, other patients have the reverse impairment, being able

to name only inanimate objects. He concluded that it should be possible to identify which

brain regions play the crucial role in this naturalistic perception. Given Gardner's

criterion that an intelligence must have the potential of isolation by brain damage, it is

unclear as to why he has stated that a naturalist's abilities could just as easily be utilized

with artificial items, such as cars or sneakers. Moreover, Carroll (1993) identified the

classification of objects as an inductive reasoning task which, according to previous

research, is highly g-loaded.

The crucial abilities in Naturalistic intelligence involve the capacity to categorize

and make distinctions, so the naturalistic tasks in the current study will test these abilities.

The first test will require participants to make logical groups from a list of objects.

Ekstrom et al. (1976) categorize this test as a Flexibility of Use task, which includes

elements of semantic flexibility and semantic redefinition. The second test requires

participants to select which of five diagrams best describes the relationship between three

items. This test is considered a logical reasoning task by Ekstrom et al, but the

identifying relationships aspect clearly falls into Gardner's Naturalistic domain.

Bodily-Kinesthetic Intelligence. Gardner (1999) described this intelligence as the

potential of using the whole body or parts of the body in problem-solving or the creation

of products. Gardner identified not only dancers, actors, and athletes as those who excel
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in bodily-kinesthetic intelligence, but also craftspeople, surgeons, mechanics, and other

technicians. Thus, Gardner does not appear to differentiate between gross motor and fine

motor abilities in describing Bodily-Kinesthetic intelligence. Shearer (1997) attributed

the weak inter-item reliability of the Kinesthetic scale of the MIDAS self-report

inventory of multiple intelligences to the mix of fine and gross motor items, suggesting

the possibility of two distinct constructs.

Francis Galton investigated sensory-motor abilities as a possible basis of

intelligence, but modem psychologists have typically made a point of focusing only on

higher mental processes when operationalizing intelligence. There are still some who

have included sensory processes within the realm of cognitive structure (e.g, Carroll,

1993), but the general agreement has been that psychomotor processes should not be

included. In the current study, measures of both fine and gross motor abilities will be

employed to assess Bodily-Kinesthetic intelligence.

Musical Intelligence. Gardner suggested that musical intelligence was parallel in

structure to Linguistic intelligence, and that it would be reflected in the performance,

composition, and appreciation of musical patterns. Gardner (1999) cited the existence of

music prodigies and savants as evidence that musical ability is an intelligence in its own

right, distinct fi-om g. Ruthsatz and Detterman (2003), however, noted that many musical

savants have unusual memory, which might explain their skillful musical performance.

These authors reported that performance on Gordon's (1986) Intermediate Measures of

Music Audiation was significantly related to short-term memory (r = .57) in musical

novices, but not in students at a music institute (r = .04). The authors concluded that

Gardner's Musical intelligence might be exceptional short-term memory transferred into
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the musical domain. Brandler and Rammsayer (2003) reported that the only significant

differences in intelligence between musicians and non-musicians were in verbal memory

and reasoning*with musicians higher in verbal memory and non-musicians performing

significantly better in reasoning. The authors, however, suggested that it was the long-

term musical training that improved the verbal memory of the musicians, rather than

superior verbal memory leading to high musical ability.

Lynn, Wilson, and Gault (1989) found positive correlations between musical

abihty and general intelligence ranging from .27 to .40 in a sample of 10-year-olds,

suggesting that musical ability is not independent ofg. Similarly, people with mental

retardation have been found to have low musical ability (DiGiammarino, 1990). Of the

often-noted connection between mathematical and musical abilities, Gardner (1999)

maintained that the connection might be more about interest than expertise, speculating

that while mathematicians and scientists seem to be attracted to music, musicians are not

particularly attracted to mathematics. Root-Bernstein (2001) called musical and scientific

abilities "correlative talents", by which he meant that skills and abilities in one area

inform skills in the other. The author claimed that the pattern-forming and recognition,

kinesthetic ability, imaging, aesthetic sensitivity, analogizing, and analysis, developed

through musical training, can be transferred to the scientific domain. In discussing

research suggesting that musical training is associated with superior performance on

spatial-temporal tasks, Gardner (1999) stated that if research consistently establishes that

musical intelligence is primary, stimulating development in other domains, then he would

need to make revisions to his list of intelligences.

Carroll (1993) noted that factor analytic research had largely had little success in
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delineating the dimensions of musical ability, but Gardner (1983) has claimed that the

two most central constituent elements of music are rhythm and pitch. Carroll identified

12 narrow factors relative to Auditory Receptive Ability. Of the 12, eight would seem to

be relevant to Gardner's Musical intelligence: discrimination of tones and sequences of

tones with respect to basic attributes such as pitch, intensity, duration and rhythm;

auditory cognitive relations (judgments of complex relations among tonal patterns); tonal

imagery; discrimination and judgment of tonal patterns in musicality; temporal tracking;

ability to recognize and maintain mentally an equal-time beat; ability to retain on a short-

term basis, images of tones, tonal patterns, and voices; and absolute pitch ability. Because

rhythm and tone would appear to be core aspects of these narrow factors, sensitivity to

rhythm and tone within a musical context, will be evaluated in the current study.

Self-Estimated Multiple Intelligences

Although the relations among actual abilities in the various intelligences are of

primary interest, it is also of some value to examine (a) the relations among self-

estimated abilities in each domain and (b) the relations between self-estimated and actual

abilities. For example, will a g factor of self-estimated abilities emerge? Will self-

estimated abilities correlate strongly with actual abilities?

When Fumham, Tang, Lester, O'Connor, and Montgomery (2002) factor

analyzed participants' self-estimates of Gardner's multiple intelligences, they found two

factors. Self-estimated verbal, logical, spatial, and naturalistic abilities loaded on one

factor, while self-reported bodily-kinesthetic, interpersonal, and intrapersonal abilities

loaded on the second. The authors suggested that the two factors represented fluid and
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crystallized intelligence, but this solution would seem to ignore the fact that verbal

abihties are typically viewed as crystallized, whereas bodily-kinesthetic abilities are not

cognitive. Ano'ther explanation of the two factors could be that they represent cognitive

and non-cognitive abilities. Fumham et al. admitted that the findings were clearly limited

by the absence of any measures of actual ability.

When self-estimates of intelligence have been compared to actual performance,

correlations tend to be small but significant (Paulhus, Lysy, & Yik, 1998). Fumham and

Rawles (1999) reported a significant correlation of .16 between self-estimated general

intelligence and performance on a mental rotation task, with men (r - 21) more accurate

than women (r = .09). However, those participants who might have evaluated their

intelligence on the basis of their verbal abilities could have appeared inaccurate only

because the criterion variable was not, in fact, a measure of intelligence in general, but

rather of spatial ability in particular. Borkenau and Liebler (1993) reported a correlation

of .32 between self-rated and measured intelligence, whereas other-rated intelligence

correlated .29 with measured intelligence. In the same study, strangers watched a film of

each participant reading a standard text, then rated the participant's intelligence. The

mean zero-order correlation between the stranger estimate and measured intelligence was

.25, but when the estimates of the six stranger judges were aggregated, the correlation

rose to .38. Fumham and Fong (2000) reported a mean correlation of . 19 between self-

rated and measured intelligence. Paulhus et al. found that participants' self-ratings

correlated fi-om .20 to .23 with measured intelligence, but when a composite rating scale

of four items ("Is intelligent"; "Is smart"; "Is ingenious, a deep thinker"; and "Is not

exceptionally gifted at academic things" [reverse-keyed]) was used, the correlation of the
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aggregated measure with measured intelligence in the same samples increased to between

.24 and .26. Scales with indirect items (e.g., one item was "As a child I was always

reading") had correlations ranging from .17 to .27. The authors concluded that self-report

measures were not acceptable substitutes for IQ tests in a college sample, and that even

with aggregation, the validity limit seemed to be .30. They found that direct items about

broad cognitive abilities as well as those referring to enjoyment and frequency of reading

were the most valid.

Two measures of self-estimated ability were included in the current study to

reflect direct and indirect methods of assessing self-reported intelligence. The first

measure was a direct self-rating scale in which participants received a brief description of

each ability, and ranked themselves in comparison to other university students. This

direct method is similar to that used by Fumham and colleagues (e.g, Fumham, Clark, &

Bailey, 1999; Fumham et al., 2002) who showed participants a normal distribution with a

mean of 100 and requested that participants indicate their self-estimated IQ for each

ability. The second measure of self-estimated ability used in the current study was

indirect. A self-report questionnaire was developed to be comparable to many of the

multiple intelligence questionnaires currently in use in which respondents indicate their

agreement or disagreement with statements describing specific, domain-relevant

activities, corresponding to Gardner's eight intelligences.

Personality and Intelligence

Recent studies have explored the association of personality traits with intelligence

and achievement. Results have generally supported the notion that the "Big Five" (see
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McCrae & John, 1992) factor of Openness to Experience is positively and significantly

correlated with intelligence (Ackerman & Heggestad, 1997; Holland, Dollinger, Holland,

& McDonald, 1995). Recent studies have suggested that the nature of the relationship is

that Openness to Experience is substantially associated with crystallized (acquired

knowledge, such as vocabulary) but not fluid (reasoning and the ability to see

relationships) aspects of intelligence (Ashton, Lee, Vernon, & Jang, 2000; Bates &

Shieles, 2003), presumably because individuals who are high in Openness to Experience

seek out information about their worlds, thus, accumulating greater vocabularies and

knowledge. Some studies have reported significant positive correlations between

Openness to Experience and academic achievement (De Fruyt & Mervielde, 1996;

Farsides & Woodfield, 2003; Hair & Graziano, 2003) while others have reported no

association between the two (Busato, Prins, Eshout, & Hamaker, 2000).

Two recent studies have found that Conscientiousness was significantly and

negatively correlated with intelligence (Moutafi, Fumham, & Crump, 2003; Moutafi,

Fumham, & Paltiel, 2004) with Moutafi et al. (2004) reporting that Conscientiousness

was negatively correlated only with fluid intelligence. These findings would have to be

rephcated before any conclusions can be drawn. The literature has been consistent, on the

other hand, in reporting significant, positive correlations between Conscientiousness and

academic achievement (e.g., Chamorro-Premuzic & Fumham, 2003; De Fruyt &

Mervielde, 1996). ' v : '

For the current study, personality will be assessed with a list of 48 adjectives

related to six personality factors, as conceptuahzed by Lee and Ashton (2004): Honesty-

Humility, Emotionality, Extraversion, Agreeableness, Conscientiousness, and Openness
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to Experience. The Honesty-Humility factor includes tendencies to be genuine in

interpersonal relations, to avoid fraud and corruption, to be uninterested in lavish wealth

and privilege, and to be modest and unassuming. Emotionality involves tendencies to

experience fear and worry, to need emotional support from others, and to feel strong

emotional bonds with others. The Extraversion factor assesses tendencies to be excitable

and dramatic, to be confident in a variety of social situations, to enjoy social interaction,

and to be enthusiastic and energetic. Agreeableness includes a willingness to compromise

and cooperate with others, and to be trusting and forgiving of those who have hurt one.

Agreeableness also involves tendencies to be mild and lenient with others, and to remain

calm, rather than angry. The Conscientiousness factor includes tendencies to seek order,

to work hard, to be thorough and detail-oriented, and to deliberate carefully and inhibit

impulses. Openness to Experience assesses enjoyment of beauty in art and nature, a

preference for innovation and experiment, and tendencies to seek information and

experience with the natural and human world and to accept the unusual.

To assess self-reported personality, an objective self-rating form will be used.

Participants will be asked indicate on a 9-point scale how closely each adjective describes

their personality.

Sex Differences

Multiple Intelligences. While some research has shown sex differences in favour

ofmen in general intellectual ability (Lynn, 1999), many studies have reported no such

sex differences (Colom & Garcia-Lopez, 2002) or negligible differences (Jensen, 1998).

Colom, Juan-Espinosa, Abad, and Garcia (2000) reported a mean correlation of .00 in a
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study of sex differences in g with independent samples of over 10,000 adults. The method

of correlated vectors used in the latter study has, however, been criticized by Ashton and

Lee (2005) as potentially resulting in vector correlations of zero even when real

differences in g exist between two groups. > ^ ; ^ .

While sex differences in general intelligence might be minimal, it is possible that

there are sex differences in the various domains of intelligence. Gardner (1983) noted that

sex differences seem to be most pronounced in spatial ability. More specifically, in

Halpem's (1997) review of sex differences in intelligence, she noted that men tend to

perform better on tasks that require transformations in visual working memory, such as

mental rotation. Gardner (1983) suggested that men's superior performance in spatial

tasks could be explained by the evolutionary advantage of spatial ability to men, who

were traditionally responsible for hunting, a task that involved wandering over long

distances.

With respect to sex differences in Linguistic intelligence, women tend to

outperform men in verbal fluency, spelling, reading comprehension, writing, synonym

generation, and knowledge of foreign languages (Halpem, 1997). In the

Logical/Mathematical domain, men, on average, outperform women on tests of

mathematical and scientific reasoning (Halpem, 1997). Women, however, obtain higher

average scores than do men on tasks involving mathematical calculations (e.g., Hyde,

Fennema, & Lamon, 1990).

In the Bodily-Kinesthetic domain, Halpem (1997) noted that whereas men tend to

perform better at motor tasks that involve aiming, such as accuracy at throwing darts,

women score higher in fine motor tests, such as pegboard tasks. One aim of the present
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research will be to examine sex differences in the various domains.

Self-Estimated Intelligences. Related to the use of self-report measures, there is a

burgeoning Uterature in self-estimated multiple intelligences (see Fumham, 2001, for a

review). Hogan's (1978) finding that men's self-estimates of their general intelligence

were higher than women's has been replicated (Bennett, 1996; Fumham & Rawles,

1995). Hogan reported that not only were women's self-estimates lower than men's, but

that women significantly underestimated their own intelhgence scores. Recent studies

(Fumham, Clark, & Bailey, 1999; Rammstedt & Rammsayer, 2000), however, have

found no sex differences in self-estimated general intelligence. Reilly and Mulhem

(1995) initially found that men's self-estimates of general intelligence were higher than

women's, but the effect disappeared when outliers were removed. When participants

have been asked to estimate their multiple intelligences rather than their general

intelligence, men's self-estimates of mathematical and spatial abilities have been higher

than women's (Fumham, Clark, & Bailey, 1999; Fumham & Ward, 2001; Rammstedt &

Rammsayer).

Personality. Studies have consistently found that women report higher levels of

the Big Five trait of Neuroticism (Loehlin, McCrae, & Costa, 1998; Rammsayer &

Rammstedt, 2000), with Costa, Terracciano, and McCrae (2001) reporting that in

reviewing studies of 1,000 American adults, there were consistent sex differences in

Neuroticism (^= .51). Sex differences in Neuroticism in the 25 other cultures from which

Costa et al. reviewed data ranged from d = -.02 in a Zimbabwean sample to J = .70 in an

Italian sample. Lee and Ashton (2004) found that women reported significantly higher

levels of the related HEXACO factor of Emotionality (^= 1.08, p < .01).
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Some studies have found that women report higher levels of Big Five

Agreeableness (Budaev, 1999). Costa et al.'s (2001) secondary analyses of independent

samples from 26 cultures reported that American women reported significantly higher

levels of Agreeableness {d- .59), and sex differences in 25 other cultures ranged from

d - -.05 in a Zimbabwean sample and d - .05 in a black South African sample to <3^ = .55

in a Belgian sample. Lee and Ashton found no sex differences in self-reports of the

HEXACO version of this factor {d--.\\). This discrepancy in results could be attributed

to the fact that the Big Five Agreeableness factor includes some aspects ofHEXACO

Emotionality; traits such as sentimentality and sensitivity, which would be found in the

Big Five Agreeableness factor, are a part of Emotionality in the HEXACO inventory.

Thus, the Agreeableness factor as conceptualized in the HEXACO model, does not

appear to be one in which sex differences are found.

In addition to the anticipated sex differences in Neuroticism and Agreeableness,

Costa et al. (2001) found that American women reported higher levels of Openness to

Feelings {d- .28) and Openness to Aesthetics {d- .34), whereas men reported greater

Openness to Ideas {d - -.32). Lee and Ashton (2004) found that men reported ,

significantly higher levels of Openness to Experience {d=-.22), based on greater self-

reported inquisitiveness (d= -.62), creativity (d=-.25), and unconventionality (d=-.3l),

although women reported greater aesthetic appreciation {d= .39). Costa et al, on the

other hand, found no significant differences in overall Openness to Experience.

Lee and Ashton found that women reported greater Conscientiousness (d - .26),

whereas Costa et al. (2001) found no sex differences. Sex differences in Extraversion

vary according to the content that is emphasized, with men scoring higher in dominance
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and women in nurturance. Costa et al. noted that the NEO-PI-R Extraversion factor

weights warmth more heavily than assertiveness, so women tend to score higher on this

particular scale. Lee and Ashton found no overall sex differences in Extraversion,

although women reported greater expressiveness (<i= .30) and sociability (d= 31), and

men reported greater social boldness (d = -.30).

The Current Study

The current study will investigate Gardner's Multiple Intelligences theory by

examining the independence of the eight intelligences, as well as their correlations with a

measure of general cognitive ability. While Gardner has diluted MI theory somewhat by

incorporating the existence ofg and suggesting that intelligences might not be entirely

independent, the theory would still seem to predict that tests of the eight intelligences

should be relatively independent of each other.

Given the substantial research support for hierarchical models of intelligence and

the current lack of empirical support for Multiple Intelligences theory, the current study

will take the position that hierarchical theories will best predict and explain the pattern of

results that appears in this investigation. The current study will hypothesize a positive

manifold among all cognitive tests. Given the relatively small number of ability tests, it is

not anticipated that Carroll's three stratums will emerge, although support is expected for

the existence of group factors in addition to g, as would be revealed by substantial

residual correlations between tests of the same intelligence domain even after the

extraction of the g factor. Each intelligence domain will be measured with two maximum

performance tasks. In addition, a measure of general intelligence will be employed.
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Gardner (1999) cautioned that there is a tendency to measure non-verbal abihties with

verbal measures, leading to artificially high correlations among the ability domains.

Whenever possible, at least one non-verbal measure was selected for any given domain,

in order to avoid the problem of the "verbal lens".

In addition, the relationship of personality and abilities will be explored in this

study, as well as the association of direct and indirect self-estimates with each other and

with measured intelligence.

Hypotheses

Measured Multiple Intelligences

1

.

Because each cognitive ability test should measure g in addition to a specific

ability, all of the tests except those in the non-cognitive domains (Bodily-

Kinesthetic, Intrapersonal, and Musical) will be correlated with each other and

with an independent measure of general intelligence. Factor analysis should yield

a single factor of general intelligence, with all cognitive tests having substantial g-

loadings, whereas non-cognitive tests should have lower, near-zero g-loadings.

2. EHie to associations within domains of narrow ability factors independent ofg, it

is hypothesized that the two within-domain tests for each intelligence, with the

exception of Bodily-Kinesthetic, will be significantly and positively correlated

above and beyond their association with the other measures, as indicated by g-

loadings. For the Bodily-Kinesthetic domain, the measures of gross- and fine-

motor skills are expected to be nearly uncorrelated.
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Self-Estimated Ability

3. It is expected that self-estimates will be positively and significantly correlated

with each other, and that factor analysis of the self-estimates (both direct and

indirect) of cognitive abilities will yield a large general factor, similar in size to

that of the measured abilities. It is also expected that self-estimated intelligences

will correlate moderately with these corresponding measured intelligences.

Personality

4. It is anticipated that Openness to Experience will be significantly and positively

correlated with academic average and with measures of crystallized intelligence

(Linguistic and Interpersonal measures) but not with measures of fluid

intelligence (Spatial, Naturalistic, and Logical/Mathematical tasks) or with the

non-cognitive tasks (Musical, Intrapersonal, and Bodily-Kinesthetic measures).

Conscientiousness will, in keeping with previous research, be significantly and

positively correlated only with academic average.

Sex Differences

5. It is anticipated that sex differences in measured abilities will be minor. However,

it is predicted that men will perform better on a visualization (Spatial) and a

mathematical reasoning (Logical/Mathematical) task, whereas women will

outperform men in a task requiring them to generate opposites (Linguistic) as well

as in a test of fine motor ability (Bodily-Kinesthetic), and in both Interpersonal

measures. For the self-report measures of abilities, it is expected that, in keeping

with previous research, men's self-estimates of Logical/Mathematical ability.

Spatial ability, and overall intelligence will be higher than women's, and that





39

women's self-estimates of Musical and Interpersonal abilities will be higher than

those of men. With regards to personality, it is predicted that women's self-

reported Emotionality and Honesty will be higher than will men's.

»\ n





Method

Participants

Two hundred participants (116 women) were recruited through posters, in-class

presentations, and sign-up sheets on two university campuses. To recruit participants,

presentations were made in a variety of classes, including chemistry, accounting, sports

management, psychology, and geography. Participants were required to speak English as

their first or best language and to be at least 18 years of age. Seventeen (8.5%) of the

participants were recruited and tested at the University of Western Ontario, while the

remaining 183 (91.5%) participated at Brock University (see Table 1 for demographic

data). While the vast majority of participants reported being undergraduate students, there

were also university graduates, graduate students, high school graduates, as well as a

college student, a high school student, and some who did not report their student status.

Participants ranged in age from 17 to 66 years {M- 22.73, SD - 6.14). The 186

participants who reported an academic major represented 30 different academic

departments, with self-reported academic averages ranging from 56% to 94% (M= 75.91,

SD - 7.59) for the previous year.

Measures

Demographic Information. Participants provided the following demographic

information: age, sex, faculty in which the student is enrolled, subject in which the

student is majoring, year of study, and previous year's average mark, expressed as a

percentage.

General Cognitive Ability. The Wonderlic Personnel Test (WPT; Wonderlic,

2002) Form A was used as a measure of general intelligence. The WPT is a 50-item,

40





Table 1

41

Demographic Data

Variables





42

Table 1 (Continued)
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reports that the reUability was .83 when this test was administered to 181 college

students.

The ETS Opposites Test assesses associational fluency by requiring participants

to generate words which are opposite or nearly opposite in meaning to a given word, for

each of eight target words (four on each half of the test). Scores reflect the number of

opposites that participants were able to generate, up to a maximum of six per target word,

within the five-minute time limit for each half The Opposites test had a reliability of .82

in a study of 625 male Naval recruits (Ekstrom, French, Harman, & Dermen, 1999).

Spatial Intelligence. The ETS Map Planning Test is a 40-item, six-minute test of

spatial scanning. For each of two parts of the test, participants are presented with a map

with streets, road-blocks and numbered buildings. Participants must find the shortest

route between two lettered points, avoiding road-blocks. The correct response is the

number of the building which is passed in traveling the shortest route between two given

points. The score is the number of correct responses. The manual reports that the

reliability of this test ranged from .75 to .80 when administered to high school and

college students. Carroll (1993) found little evidence for spatial scanning as a factor, and

suggested that these tasks might be related to perceptual speed or visualization. However,

this test seems to fit well with Gardner's description of sense of direction and map-

reading as aspects of spatial intelligence.

The ETS Paper Folding Test is a 20-item, six-minute measure of the ability to

make serial mental rotations of spatial stimuli, which Carroll (1993) identified as a

visualization task. Each item consists of drawings of a square of paper that is folded two

or three times, in various ways, and then had a hole punched through it. Participants
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choose which of five drawings accurately depicts how the sheet of paper and the pattern

of holes in the paper would appear when fiilly opened. The score is the number of correct

responses less a fraction of the number of incorrect responses. The manual reports

reliabilities of .75 and .84 in studies with high school students and with college

students/Army enlistees, respectively.

Logical/Mathematical Intelligence. The ETS Subtraction and Multiplication Test

is a 120-item, four-minute measure of the ability to perform basic arithmetic operations

with speed and accuracy. The ETS manual notes that this factor is not a major component

in mathematical reasoning or higher mathematical skills. The score is the number of

correct responses. The manual reports that the reliability of this test was .92 when it was

administered to 1 19 ninth-grade boys.

The ETS Necessary Arithmetic Operations Test is a 30-item, 10-minute measure

of general arithmetic reasoning. The problems require the participant to determine which

arithmetic operations are required to solve mathematical word problems, but do not

require the participant to perform those computations. The score is the number of correct

responses less a fraction of incorrect responses. The manual reports that the reliability of

this test was .71 when it was administered to 1 19 ninth grade boys.

Interpersonal Intelligence. Social Translations (O' Sullivan & Guilford, 1976) is a

10-minute test with 24 items. Participants are given a statement and told who said the

statement to whom. Participants choose one of three pairs of people with which the same

verbal statement would have a different meaning. For example, "That's mine" said by a

man to a parking lot attendant is different from the same phrase when said by an angry

child to a playmate. The score is the number of correct responses plus 1/k times the
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number of items left blank, k being the number of alternative answers. The authors

described this test as a measure of the ability to recognize changes in behavioral meaning.

They noted that an individual high in this ability should be good at interpreting

expressions and situations. Internal consistency reliabihty has ranged from .84

(O'Sullivan, Guilford, & deMille, 1965) to .90 (O'Sulhvan, 1973). Norms are available

for Caucasian 10 grade and college students.

Cartoon Predictions (O'Sullivan & Guilford, 1975) is a 10-minute test with 30

items, each consisting of one cartoon showing people's reactions in a situation.

Participants must choose one of three related cartoons to determine which would most

logically happen next. For example, the sample item shows a man clinging to the roof of

the house, while a child looks on. The man appears to be frightened and asking for help.

The correct response shows the boy with his mother bringing a ladder to help the man

down. The two incorrect responses show the man trying to climb on the roof, and the boy

and his mother laughing at the man. The score is the number of correct responses plus 1/k

times the number of items left blank, k being the number of alternative answers. This test

was chosen because it seems to tap into social ability without drawing on verbal ability.

Sullivan and Guilford noted that the test measures the ability to predict social

consequences. Internal consistency reliability for this test has ranged from .31

(O'Sullivan, 1973) to .70 (O'Sullivan et al, 1965). Norms are available for Caucasian

10 grade and college students.

Intrapersonal Intelligence. One Intrapersonal measure involved the consistency of

self-ratings of personality adjectives belonging to the same factor. Recall that participants

completed a personality self-rating form (Appendix D), in which they rated, on a 9-point
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scale, how closely each adjective described their typical personality. The standard

deviation of scores was calculated for each individual across his or her self-ratings on

adjectives within each factor (after recoding of reverse-keyed items). The average

standard deviation across factors, each of which can range from to 4, indicates

inconsistency of self-description; this average value, when multiplied by -1, was used as

an index of consistency of self-description.

The second intrapersonal measure was an accuracy coefficient, which reflected

how closely participants' self-ratings in each ability domain matched their actual

performance. As previously described, participants rated their ability on each of nine

domains corresponding to Gardner's eight intelligences as well as overall intelligence.

Recall that for each ability, participants indicated which percentage of their fellow-

students would have a lower level of that ability than themselves. A within-person

correlation between self-estimated ability and actual ability was calculated across the

eight abilities after conversion of percentiles to standard scores.

Naturalistic Intelligence. ETS Making Groups is a 4-item, 10-minute test of the

ability to combine objects into logical groups. Each item consists of a Hst of seven items,

for example: trout, robin, frog, car, boat, bat, and airplane. The participant is asked to

generate groups of three or more objects into a maximum of 10 groups, and to provide a

rationale for each grouping. In the previous example, one group might be trout, robin,

frog, and bat, with the explanation that all are animals. The score is the number of correct

groups. The manual reports that the reliability of this test was .60 when it was

administered to 625 male Naval recruits.

ETS Diagramming Relationships is a 30-item, 8-minute test of the abihty to
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diagram relationships among objects. For example, if given the items, animals, cats, and

dogs, the correct diagram would be the one with two non-overlapping circles

(representing cats and dogs) inside another circle (representing animals). For each item,

participants are asked to select one of five diagrams that best illustrates the relationships

among the sets of objects. The score is the number of correct choices less a fraction of the

number of incorrect choices. The manual reports that this test had reliability of .79 when

it was administered to 542 male Naval recruits.

Bodily-Kinesthetic Intelligence. For the Bodily-Kinesthetic domain, tests of both

fine and gross motor skills were used to fully represent the domain as Gardner

conceptualized it, and to determine whether there are differences in the relations of the

two sub-abilities with the other intelligences. A test of balance was chosen to represent

gross motor ability, because it is a key element in assessing potential in gymnastics,

diving, skating, and many other athletic activities (Johnson & Nelson, 1986). In addition,

balance seemed to be a measure that would be less susceptible to training effects than

would many other potential measures, such as strength, endurance, or speed.

The Stork Stand (Johnson & Nelson, 1986) was used to measure balance.

Participants were timed while standing with hands on hips, one leg raised and bent with

its foot on the inside of the other knee. On a signal, participants raised their heels so that

only the ball of one foot remained on the floor. Each participant's score was the average

of the two longest times in seconds between raising the heel and losing balance, from

three trials. The Stork Stand has high test-retest reliability (.87) and inter-rater rehability

is reported to be as high as .99 (Johnson & Nelson, 1986).

The General Aptitude Test Battery (GATE; U.S. Department of Labor, 1970)
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Mark Making test was used to measure fine motor ability. Participants were required to

make marks consisting of two parallel lines with another line underscoring the two.

Participants were asked to make one such mark in each ofmany squares on the printed

page, filling as many squares as possible in 60 seconds. The three-month test-retest

reliability of the Mark Making test was .76 in a sample of 1,000 boys (Cronbach, 1960).

The test score is the number of marks completed in the allotted time.

Musical Intelligence. GIA Publications' Advanced Measures of Music Audiation

(AMMA; Gordon, 1989) is a 30-item, 16-minute test, consisting of sets of musical

statements played to participants on a CD player. Three practice items are included. For

each set, the participant must decide whether the two musical statements are the same,

tonally different, or rhythmically different.

No musical background is required for the AMMA. The test is based on Edwin

Gordon's (1989) contention that audiation—^the ability to hear mentally and to

comprehend musical patterns when the sound is no longer present—is the basis of

musical aptitude. The AMMA assumes that being able to hold a musical pattern in

memory and to make a comparison and judge the presence and type of discrepancy is a

better measure of musical aptitude than is musical achievement. Each set consists of an

equal number of tones. Tonal differences (10 items) can be due to changes in individual

pitch, in mode tonal center (the musical key of the melody), or in a combination of these.

Rhythm differences (10 items) consist of items with differences in durations, meters,

tempos, or combinations of these. Ten item pairs are identical.

Tonal and Rhythm scores were calculated. The Tonal score (40 points possible)

was calculated by summing the number of correct tonal responses (10 points possible)
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and the number of correct identifications of sameness (10 points possible) plus 20 points.

The number of erroneous tonal identifications was then subtracted from the score, with

omitted items counted neither for nor against. Rhythm (40 points possible) was calculated

similarly. For the purposes of all analyses in the current study, however, only the first

half of the Rhythm test and the second half of the Tonal test were used, with scores

potentially ranging from to 20. This approach was taken to correct for the fact that

Tonal and Rhythm total scores were artificially correlated due to overlapping content in

incorrect responses.

The AMMA was normed with 872 high school students as well as 5,336 college

and university students, including music majors and non-majors, across the United States.

Split half reliability ranged from .80 to .88 and test-retest reliability ranged from .80 to

.89. Correlations with Gordon's Musical Aptitude Profile range from .43 to .85. Gordon

reported validity of .82 when total AMMA scores were used to predict the performance

of 1 14 university students enrolled in orchestra, choir, and band.

Self-Estimates ofAbility. Two instruments were used to obtain self-estimates of

abilities. The Multiple Ability Questionnaire (MAQ; Appendix B) was developed for use

in the present study, and consisted of 48 self-report true/false items representing the eight

ability domains (e.g., "I can usually tell when someone is lying to me," representing

Intrapersonal ability). Of the six items for each ability, two are reverse keyed (e.g., "I'm

frequently off-key when I sing"). This test was scored with one point awarded for each

True response to a statement representing an ability domain, with the exception of the

reverse keyed items, for which a point was awarded for each False response. A score out

of six was tallied for each domain. The MAQ did not include any items intended to
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represent general intelligence. ^

The second measure of self-estimated ability was a self-rating scale (Appendix

C). Participants rated their relative ability on each of nine items, which represented the

eight intelligence domains as well as general intelligence (e.g., the item for Naturalistic

Intelligence is "Classifying things [especially living things] and making distinctions

between similar objects"). For each item, participants were instructed to compare

themselves to other Brock University students by placing an jc on a line, anchored by 0%

and 100%, to estimate what percentage of students have a lower level of ability than the

participant. The score on this measure was simply the percentile ranking that participants

assigned themselves.

Personality. A list of 48 adjectives (Appendix D), which were found to be highly

loaded (Ashton, Lee, & Goldberg, 2004) on the personality factors of Openness to

Experience, Conscientiousness, Extraversion, Agreeableness, Emotionality, and Honesty-

Humility, was used to measure self-reported personality. The adjectives represented the

high-loading terms on these six factors of personality variation. For each personality

variable, with the exception of Honesty-Humility, three of the six adjectives were

reverse-keyed (e.g., unimaginative for Openness to Experience). For the Honesty-

Humility trait, all six adjectives were reverse-keyed (e.g., pompous). For each adjective,

participants rated themselves on a scale of 1 {extremely inaccurate) to 9 {extremely

accurate). A composite score was calculated for each personality factor by averaging the

ratings on the six relevant adjectives.
'

Procedure

Participants who met the inclusion criterion (18 years or greater, English as first
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or best language) were tested in groups of 2 to 36 in various meeting rooms on a

university campus. All participants were given information letters as well as an oral

description of procedures prior to providing signed informed consent. The testing session

took place over a 2.5 to 3 hour period, with a 10-minute break at approximately the

halfway point, following completion of the music test.

The 15 measures were presented in two different orders. The first order was as

follows: Multiple Ability Questionnaire (indirect self-estimate); self-rating (direct self-

estimate); Opposites (Linguistic); Map Planning (Spatial); Subtraction and Muhiplication

(Logical/Mathematical); Cartoon Predictions (Interpersonal); Diagramming Relationships

(Naturalistic); Stork Stand (Bodily-Kinesthetic); AMMA (Musical); 10-minute break;

Making Groups (Naturalistic); Social Translations (Interpersonal); Necessary Arithmetic

Operations (Logical/Mathematical); Paper Folding (Spatial); personality inventory; and

Mark Making (Bodily-Kinesthetic). The second order reversed the presentation of the

Linguistic, Spatial, Logical/Mathematical, Interpersonal, and Naturalistic tests. The

second order was as follows: Multiple Ability Questionnaire (indirect self-estimate); self-

rating (direct self-estimate); Making Groups (Naturalistic); Social Translations

(Interpersonal); Necessary Arithmetic Operations (Logical/Mathematical); Paper Folding

(Spatial); Stork Stand (Bodily-Kinesthetic); AMMA (Musical); 10-minute break;

Opposites (Linguistic); Map Planning (Spatial); Subtraction and Multiplication

(Logical/Mathematical); Cartoon Predictions (Interpersonal); Diagramming Relationships

(Naturalistic); personality inventory; and Mark Making (Bodily-Kinesthetic). One

hundred and one (50.5%) participants completed tests in the first order and the remainder

completed them in the second.





52

Each participant was paid $30 upon completion of the testing session and

provided with a feedback letter.





,j Results and Discussion

Missing Data

The amount of missing data (Table 2) ranged from 0.0% (Sex, Age, Vocabulary,

Paper Folding, Necessary Arithmetic Operations, Social Translations, Diagramming

Relationships, Mark Making) to 12.5% (Academic Year) with an overall average missing

data on all demographic and study variables of 1.65%. Variables related to student status

(Academic Year, Major, Faculty, and Average) had the greatest amounts of missing data

due to the fact that these categories were irrelevant for a number of participants who were

not undergraduate students. Academic year, for example, tended to be left blank by

graduate students as well as non-students.

Six and one halfper cent of all participants had missing data on one or more of

the ability, personality, and/or self-estimate variables, but for any given measure, the

proportion of participants with missing data never exceeded 1.0%. The average data

missing in the variables used in data analyses was only 0.70%. Cohen, Cohen, West, and

Aiken (2003) noted that with three per cent or less data missing, the method of handling

the missing data makes far less difference than in cases of larger amounts of missing data.

In addition, Cohen et al. described samples of greater than 200 as being less problematic

than smaller samples in terms of missing data.

Reasons for missing data on ability tests in the current study were varied and

sometimes unknown. For example, the one individual who did not complete the Stork

Stand (Bodily/Kinesthetic) had a broken leg. The two Opposites (Linguistic) tests coded

as missing were due to participants providing synonyms rather than opposites in response

to target words. The only Rhythm and Tone missing score was due to the music response

53
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Table 2

Percentage ofMissing Data by Variable

Variable
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the current study. Thus, a conservative approach to managing the missing data was

employed, and estimation using Expectation Maximization (EM), an iterative procedure,

was conducted in order to impute values. Enders (2001) reported that EM was superior to

listwise deletion, pairwise deletion, and means substitution, in terms of bias and sampling

variability. The EM procedure relies on the assumption that data are missing at random, a

less stringent criterion than missing completely at random, and one which these data

would appear to satisfy.

More problematic was the discovery that several very low Social Translations

(Interpersonal) scores were potentially the result of a misinterpretation of test

instructions. A histogram of the distribution of Social Translations scores revealed some

departures fi^om normality, with several scores clustering at the very low end of the

distribution. In fact, seven participants scored 0.00 on both halves of the test. Further

examination of the original test booklets revealed that some participants had responded in

a way that suggested they had likely misunderstood the instructions. In the Social

Translations test, participants were given a statement and told who made the statement to

whom. They were then provided with three other pairs of speaker/listener and asked to

identify the pair for whom the statement took on a different meaning or intention. It

appears that some participants might have responded as though they were asked to

determine which of four pairs made the statement most similar to the target, rather than

most different. If this was, indeed, the case, it suggests that other low scorers might have

responded in a similar, incorrect fashion.

Closer inspection of the data revealed 23 suspect scores on Social Translations.

The criteria for identifying scores of participants who had likely misunderstood
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instructions were an average score of 1 .5 or less out of a possible 12 on the two halves of

the test, indicating that participants performed at well below a chance level, or a score of

zero on either half of the test. When /-tests were conducted to determine whether these 23

participants were different from the rest of the sample on other variables, only one

statistically significant difference was found. The 23 participants with suspect Social

Translations scores rated themselves higher in musical ability on a task in which they

compared their own abilities to those of other university students {M- 66.48, SD =

24.14) than did the rest of the sample (M= 52.81, SD = 24.26), / (196) = 2.54, p = .01.

Given that there was only one statistically significant difference in 40 Mests, it was

concluded that the 23 participants were not significantly different from the rest of the

sample, and thus, it was considered reasonable to substitute the Social Translations mean

for the actual, presumably inaccurate, score attained by these 23 participants. This

imputation procedure avoided the loss of data from 23 participants, had their scores been

coded as missing and listwise deletion been used. However, by imputing the mean,

variance was reduced and correlations between Social Translations and other variables

are likely to be attenuated, as are factors derived from correlations between Social

Translations and other variables.

Measured Multiple Intelligences

Descriptive Statistics. Table 3 shows descriptive statistics for the variables in this

study (similar descriptive statistics prior to the means substitution and EM are presented

in Appendix E). The WPT mean in this study was within one standard deviation of the

mean WPT score (21.06, SD = 7.12) on a 1992 normative study (n = 1 18,549; Wonderiic,
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Table 3

Descriptive Statistics ofMeasures ofEach Intelligence Domain and g

Measure
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analyses or correlations between ability tests, so the score was retained. All other tests

appear to have means that are reasonably close to the hypothesized midpoints, and

standard deviations that are fairly large, suggesting sufficient variability in the tests.

A correlation can only have limits of -1 and +1 when the distributions of the

variables are identical (Cohen et al., 2003). An examination of histograms revealed that

the distributions of scores on most ability tests appeared to be relatively normal. Scores

on the Stork Stand, however, tended to peak at the lower scores, rather than at the mean,

although skewness (1.47) was still within the acceptable parameters of -2 to +2 (George

& Mallery, 1999). Fourteen of the 17 ability tests had their skewness statistic within the

excellent range of -1 to +1 (George & Mallery, 1999) with the remaining three

(Multiplication and Subtraction, Social Translations, and the previously mentioned Stork

Stand) within the acceptable range. In terms of kurtosis, distributions for all but four of

the 17 ability tests fell into the excellent range of -1 to +1 (George & Mallery, 1999). The

kurtosis of Mark Making and Stork Stand were both in the acceptable range of -2 to +2

(George & Mallery, 1999). The kurtosis statistics for Multiplication and Subtraction

(2.93) and Social Translations (2.62), however, indicate that these distributions are

leptokurtic, or too tall. Departures from normality in the distributions of variables tend to

attenuate correlations with other variables, particularly when the two variables are

skewed in opposite directions (Cohen et al., 2003). Thus correlations between the Stork

Stand, Multiphcation and Subtraction, and Social Translations, and other variables are

likely to be underestimates of true relationships. In addition, factors derived from

correlations between variables with differing distributions are also likely to be attenuated

(Goldberg & Digman, 1994).
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Independent samples /-tests were conducted to determine whether there were

differences in performance between the two orders of presentation of ability tests. Only

Making Groups (Naturalistic) was significantly different between the two orders, with

participants receiving materials in order 1 (n = 100) scoring higher (M= 10.09, SD -

2.1 1) than those receiving materials in the second order {n = 99; M= 8.44, SD = 3.60),

F(l, 196) = 16.33,/? < .001. The Levene's test was not significant for any of the

comparisons, suggesting that the assumption of homogeneity of variances was not

contravened for any of the significance tests.

Reliabilities. Correlations can be attenuated by unreliability in either or both

variables (Cohen et al, 2003). The split-half reliability coefficients for the ability tests

(Table 4) ranged from .17 (Tonal) to .94 (Subtraction and Multiplication). DeVellis

(1991) proposed the following guidelines for internal consistency coefficients of research

instruments: below .60 is unacceptable; .60 to .65 is undesirable; .65 to .70 is minimally

acceptable; .70 to .80 is respectable; .80 to .90 is very good; and, much above .90

suggests that consideration should be given to shortening the scale. Using these

guidelines, both music tests. Consistency (Intrapersonal), and Cartoon Predictions

(Interpersonal) had unacceptable split-half reliabilities, but all other tests had split-half

reliabilities that were at least minimally acceptable according to DeVellis' guidelines.

The poor reliability of both music tests was surprising, given the high split-half

reliabilities reported in the AMMA manual (.80 for both tonal and rhythm in

undergraduate and graduate non-music majors). A very small part of this discrepancy

might be attributed to methodological differences in calculating the split-half reliability.

Gordon (1989) computed item difficulty and discrimination levels prior to dividing the
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Table 4

Split-HalfReliability Coefficients ofAbility Tests

Domain
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the first of its kind, at measuring intrapersonal intelligence via a consistency-based

measure. The Consistency measure could be refined for future studies, perhaps through

minor adjustments to the personality descriptors. No split-half reliability was calculated

for Accuracy of self-ratings, the other Intrapersonal measure, because it did not include

multiple items for which internal consistency or spht-half reliability could be calculated.

All remaining split-half reliability coefficients were .67 or greater, with ahnost

half (47%) of the ability tests having coefficients of .80 or greater.

Measured Abilities: Correlations with Overall Intelligence and g-Loadings. In

this study, correlations with the WPT and g-loadings determined through factor analysis

were considered to be indicators of saturation with general intelligence. All cognitive

measures (i.e., Linguistic, Spatial, Logical/Mathematical, Interpersonal, and Naturalistic

tests), as hypothesized, were significantly correlated with the WPT (Table 5). Note that if

the 23 inaccurate Social Translations scores had been deleted, rather than preserved

through means substitution, the correlation between Social Translations and the WPT

would have been only slightly reduced, from .37 to .34. Only the Bodily-Kinesthetic and

Musical tests, as well as one of the Intrapersonal tests (Accuracy), were not positively

and significantly correlated with the WPT. Necessary Arithmetic Operations and

Diagramming Relationships had the greatest correlations with the WPT. Using Cohen's

(1988) guidelines in which a correlation of .10 constitutes a small effect size, .30 a

medium effect size, and .50 a large effect size, the majority of the correlations with the

WPT (Opposites, Vocabulary, Map Planning, Paper Folding, Subtraction and

Multiplication, Social Translations, and Making Groups) would be considered medium

effect sizes. Of the remaining significant correlations between ability tests and the WPT,
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Table 5

g Loadings of Tests and Correlations of Tests with Wonderlic Personnel Test
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which at least one of the variables was non-cognitive reached statistical significance,

however.

Factor analysis was conducted using exploratory factor analysis. Although a

particular model was investigated in this study, confirmatory factor analysis (CFA) was

not used to determine whether the data fit Gardner's MI model. There are two reasons

why CFA was not applied. First, given the time constraints involved, only two tests of

each of Gardner's intelligences were administered, meaning that there were an

insufficient number of variables for Gardner's eight-factor solution to constitute a

goodfit, even ifMI theory accurately described the data. Second, with a complex data set

such as the current one, CFA is likely to reject the model due to non-zero secondary

loadings (McCrae, Zonderman, Costa, Bond, & Paunonen, 1996).

Three alternative methods of factor analysis were conducted: Principal Axis

Factoring, Principal Components Analysis, and Maximum Likelihood Estimation. All

three commonly used methods of factor extraction were employed to demonstrate that

results were not specific to any one method; in fact, all three methods yielded similar

results, with cognitive tests loading onto a single factor (Table 5). Factor loadings fi-om

the Principal Axis Factoring solution will be discussed, because this method is most

conservative in that it extracts factors on the basis of a correlation matrix whose diagonal

values are the squared multiple correlation of each variable and all the other variables. In

this method, only the common variance of each variable is used in the extracted factor.

Eigenvalues for the first seven factors were: 3.74 (23.39% of total variance), 1.64

(10.26%), 1.41 (8.81%), 1.19 (7.42%), 1.13 (7.03%), 0.96 (6.01%), and 0.90 (5.63%). A

clear break in eigenvalue sizes is observed between the second and first factors only, thus
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suggesting only one large factor in this data set.

The g-loadings on the first unrotated factor ranged from .03 (Stork Stand) to .75

(Diagramming Relationships). In addition to the Stork Stand, Mark Making also had a

factor loading under .10, suggesting that the Bodily-Kinesthetic tests do not share this

factor's common element of general intelligence. Tests with loadings between .10 and .19

include Tonal (Musical), Accuracy (Intrapersonal), and Rhythm (Musical). Tests with

loadings between .20 and .39 include Subtraction and Multiplication

(Logical/Mathematical), Consistency (Intrapersonal), and Cartoon Predictions

(Interpersonal). Those tests with factor loadings between .40 and .60 included Opposites

(Linguistic), Paper Folding (Spatial), Social Translations (Interpersonal), Vocabulary

(Linguistic), Map Planning (Spatial), and Making Groups (Naturalistic). Necessary

Arithmetic Operations (Logical/Mathematical) and Diagramming Relationships

(Naturalistic) both had loadings of .70 and greater. Note that if the 23 inaccurate Social

Translations scores had been removed entirely, the pattern ofg-loadings would have

remained quite similar. Consistency and Social Translations would be most greatly

affected by removing these scores, with their g-loadings being reduced from .27 to .20

and .53 to .47 respectively.

Coherence ofAbilities within Domains, Beyond g. The coherence of the tests

within each intelligence domain was examined through an inspection of zero-order

correlations within and between domains (Table 6). Each of the Linguistic tests had its

highest correlation with the other within-domain test. Subtraction and Multiplication had
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its highest correlation with Necessary Arithmetic Operations, the other

Logical/Mathematical test, but Necessary Arithmetic Operations was correlated similarly

or higher with four other tests. Making Groups had its highest correlation with

Diagramming Relationships, the other Naturalistic test, but Diagramming Relationships

was more highly correlated with three other tests from the Spatial and

Logical/Mathematical domains. The two Interpersonal tests. Social Translations and

Cartoon Predictions, were significantly correlated with each other, but each had higher

correlations with other tests. Only the Intrapersonal and Bodily-Kinesthetic intelligences

had their two within-domain measures uncorrelated.

Table?

Residual Correlations within Each Intelligence Domain after Extraction of% Factor

Ability Residual

Correlation

Linguistic (Opposites, Vocabulary) .29

Logical/Mathematical (Necessary Arithmetic, Subtraction and Multiplication) . 1

5

Spatial (Map Planning, Paper Folding) . 1

8

Interpersonal (Cartoon Predictions, Social Translations) .09

Intrapersonal (Accuracy, Consistency) -.04

Naturalistic (Making Groups, Diagramming Relationships) -.01

Bodily-Kinesthetic . 1

3

Musical .17

A^o?e. 7V=200.
*p < .05. */7 < .01, two-tailed.
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In addition to examining the zero-order correlations between tests within an

intelligence domain, the residual correlations following factor analysis (i.e., with the

removal of the g factor) were examined (Table 7). This allows an evaluation of the extent

to which measures within each domain are related beyond the influences ofg. The

residual correlations ranged from -.04 (Intrapersonal) to .29 (Linguistic). The

Intrapersonal and Bodily-Kinesthetic tests were unrelated to each other after the removal

of the g factor. While the two Naturalistic tests were substantially correlated (Table 6),

their shared variance would appear to be largely due to their g-loadings as there was only

a small residual correlation. The small residual correlation for Bodily-Kinesthetic,

identical in size to the zero-order correlation between these two variables, suggests that

the little variance these variables share is likely domain-specific and unrelated to g.

Spatial, Logical/Mathematical, Musical, and Linguistic tests had residual correlations that

suggest shared variance above and beyond g. The large residual correlation of the

Linguistic tests, in particular, suggests that despite their substantial g-loadings, these two

tests shared a significant amount of variance unrelated to g.

Self-Estimated Intelligences

Descriptive Statistics (Table 8). Recall that participants completed direct self-

ratings in which they ranked themselves in comparison to other university students. In

addition, they completed the MAQ self-report questionnaire, an indirect method of

having participants provide self-estimates.

In the direct self-ratings, participants rated themselves as being superior to most

university students in every intelligence domain. On average, participants rated
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Tables

Descriptive Statistics ofDirect Self-Ratings andMAQ Self-Estimates

Measure
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participants tended to rate themselves as well above average in these domains. Skewness

and kurtosis statistics, however, were in the excellent range of -1 to +1 for all self-ratings

except Interpersonal, for which both skewness and kurtosis statistics fell into the

satisfactory range of -2 to +2.

Participants responded to MAQ items on a 5 -point scale, from 1 (Very

Inaccurate) to 5 (Very Accurate). Participants estimated themselves lowest in Naturalistic

ability and highest in Linguistic ability (Table 8). Standard deviations ranged from .58 to

.88, suggesting sufficient variability in MAQ responses.

An examination of the distributions ofMAQ responses indicated that all

distributions approximated normality. Distributions for Musical, Interpersonal, and

Linguistic, appeared slightly negatively skewed but skewness and kurtosis statistics for

all MAQ variables fell into the excellent range of -1 to +1.

Table 9

Internal Consistency Reliabilities ofMultiple Ability Questionnaire Intelligence Domains

MAQ Domain Cronbach ' s

Alpha

Linguistic 0.58

Logical/Mathematical 0.72

Spatial 0.57

Interpersonal 0.55

Intrapersonal 0.51

Naturalistic 0.32

Bodily-Kinesthetic
'

0.64

Musical 0.82

,1^ Note. N= 200.
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' ^' Reliabilities. Cronbach's alpha internal consistency reliability coefficients for the

self-reported abilities of the Multiple Ability Questionnaire (see Table 9) ranged from .32

(Naturalistic) to .82 (Musical) with a mean of .59. It seems possible that the Naturalistic

items, reflecting awareness of and distinctions between clouds, birdcalls, car models,

planets, trees, and the signs of fall, do not reflect a unitary underlying ability, although

they all seem to be relevant to the Naturalistic domain as Gardner (1999) described it.

The MAQ music items—clapping a beat, detecting pitch, recalling a tune, singing off-

key, tapping one's foot, and being a musical person—might simply reflect a more unitary

construct.

Within-Instrument Correlations. Correlations among the direct self-ratings (Table

10) ranged from .09 (Musical and Naturalistic) to .62 (Linguistic and Overall). It is

noteworthy that, given the oft-cited association between math and music, participants

clearly did not perceive their own abilities in these two domains as similar (r = . 10).

Self-rated abilities that were correlated at .40 or greater were as follows: Interpersonal

and Intrapersonal; Spatial and Naturalistic; Linguistic and Intrapersonal; Spatial and

Logical/Mathematical; Spatial and Bodily-Kinesthetic; Linguistic and Interpersonal;

Spatial and Interpersonal; Logical/Mathematical and Naturalistic; Interpersonal and

Naturalistic; Interpersonal and Bodily-Kinesthetic; Intrapersonal and Bodily-Kinesthetic;

and Overall Intelligence with every other ability. All self-rated abihties, with the

exceptions of the Naturalistic and Musical and Logical/Mathematical and Musical, were

correlated at .22 or greater, suggesting that most people report somewhat consistent levels

of ability across domains. ^

Correlations among the MAQ scales (Table 10) were generally weaker than
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Table 10

Within-Instmment Correlationsfor Ability Self-Ratings and Multiple Ability

Questionnaire Scales

Ling.
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correlations among the direct self-ratings. Correlations ranged from .02 (Intrapersonal

and Naturalistic) to .46 (Logical/Mathematical and Spatial), with 12 of the 28 correlations

less than .20. The lower inter-correlations for the MAQ abilities are likely

due to the fact that self-estimates of several facets of each ability were combined to arrive

at an overall mean self-estimate for each intelligence domain. The less complex, overall

estimate of ability provided on the self-ratings might be more likely to be influenced by

self-esteem and response biases, which would be common to all the self-ratings.

Table 11

Loadings ofDirect Self-Ratings ofMultiple Intelligences in First Unrotated Factor
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When the same procedure was appHed to the MAQ (Table 12), all self-estimates again

loaded onto a single factor, with loadings ranging from .27 (Naturalistic) to .65 (Spatial),

again suggesting that people's self-reported abilities are in large part influenced by a

general factor of self-perceived intelligence.

Table 12

Loadings ofMultiple Ability Questionnaire Scales in First Unrotated Factor
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Table 13

Correlations Between Ability Self-Ratings and Multiple Ability Questionnaire Scales

Self-Ratings

Ling. Spat. Math Inter. Intra. Nat. B-K Mus. Overall

MAQ
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performance on ability tests and both direct self-ratings of ability and MAQ self-

estimates were calculated. Direct self-ratings were correlated with actual performance

only for some domains (Table 14). Self-rated Linguistic, Logical/Mathematical, and

Musical abilities were positively and significantly correlated with both tests from the

corresponding relevant domains. It seems likely that these three domains are ones in

which people have received feedback regarding their performance. Self-rated Bodily-

Kinesthetic ability was significantly correlated with the Stork Stand, a gross motor task,

but not with Mark Making, a fine motor measure, although this self-rating item was

worded to include both kinds of physical ability ("Coordinating your physical movements

[for example, in sports, dancing, crafts, technical work]*').

Self-rated Intrapersonal ability was uncorrected with Accuracy, and significantly

but negatively correlated with Consistency. Correlations between Consistency and self-

ratings of the other abilities were all negative as well, with several reaching statistical

significance.

Self-rated Interpersonal ability had small correlations with both Interpersonal

measures, but only its correlation with Cartoon Predictions reached significance. Self-

rated Naturalistic and self-rated Spatial abilities were both uncorrected with their

associated ability measures.

Self-rated intelligence was significantly correlated with the WPT, but at r = .19, it

was a smaller correlation than the .39 value that Chamorro-Premuzic, Fumham, and

Moutafi (2004) reported between self-estimated intelligence and performance on the

WPT in their study.
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Correlations between MAQ self-estimates and test performance (Table 1 5) were

similar to correlations between direct self-ratings and measured ability. As with direct

self-ratings, MAQ self-estimates of Linguistic, Logical/Mathematical, and Musical

abilities were significantly and positively correlated with their corresponding abiHty

measures.

MAQ self-estimated Bodily-Kinesthetic ability was correlated with the Stork

Stand but not Mark Making, in keeping with results from the self-ratings. Because only

two of the six Bodily-Kinesthetic items on the MAQ related specifically to fine motor

ability, correlations between these two items and Mark Making were examined. Both

items, "I'm good at making things with my hands", and "I have some difficulty shuffling

a deck of cards," had near zero correlations with Mark Making performance (r= .01 and

r = .00 respectively). **

One test fi-om each of Spafial, Interpersonal, and Bodily-Kinesthetic domains was

significantly and positively correlated with the corresponding MAQ self-estimate,

whereas Intrapersonal and Naturalistic measures were uncorrected with their relevant

MAQ self-estimates. Consistency was correlated negatively with all MAQ self-estimates,

just as it was correlated negatively with all direct self-ratings. Consistency's negative

correlations with MAQ Logical/Mathematical, Interpersonal, and Musical self-estimates

were of statistical significance.

Paulhus et al. (1998) found that items with content related to enjoyment and

fi^equency of reading were highly associated with measured intelligence, so the

correlation between the MAQ item, "I don't care for reading" (reverse-keyed), and the

WPT was examined, but it was found to be small in effect size at r = .18.
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Personality

Descriptive Statistics (Table 16). Recall that participants indicated on a 9-point

scale how accurately several adjectives described their personality. Ratings on these

adjectives were then averaged to calculate a score from to 9 for each of six personality

factors. On average, participants reported themselves highest in Openness to Experience

and lowest in Agreeableness. All means were above the scale midpoint, but standard

deviations were sufficiently large to suggest there was adequate variability in responses.

Visual inspection of the distributions of the six personality variables was

conducted, with all six distributions approximating normality. Skewness and kurtosis

statistics for all six variables fell into the excellent range of -1 to +1.

Reliabilities. Cronbach's alpha reliability coefficients for the six personality traits

ranged from .66 to .86 with a mean of .76 (Table 16), meaning that all were at least

minimally acceptable according to DeVellis' (1991) guidelines. Openness to Experience

Table 16

Descriptive Statistics and Internal Consistency Reliabilities ofPersonality Self-Rating

Scales

Personality Factor
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was the only trait with a reliability coefficient of less than .70, which is DeVellis' cut-off

for respectable reliability. Item-total correlations for the Openness to Experience scale

ranged from .20 for shallow to .5 1 iov philosophical. Interestingly, the item complex had

a .32 item-total correlation, substantially higher than its opposite, shallow.

Correlations Among Personality Factors. There were several significant

correlations among the six personality constructs (see Table 17). The correlations

between constructs tended to be only slightly higher than those reported by Lee and

Ashton (2004) in their examination of the psychometric properties of the HEXACO

Personality Inventory. For example, the average of the absolute value of correlations

Between personality factors was .11 in Lee and Ashton 's study, whereas in the current

study, the average correlation was .16. Lee and Ashton reported three correlations of a

Table 17

Correlations Between Self-Reported Personality Scales

Openness Conscient. Agree. Extra. Emotion. Hon.-Hum.

Openness .18

• Conscient.

Agree.

Extra. ^ .10 .03

Emotion. .29

Note. Openness = Openness to Experience; Conscient. = Conscientiousness; Agree. = Agreeableness;

Extra. = Extraversion; Emotion. = Emotionality; Hon.-Hum. = Honesty-Humility.

A^=200.
*p < .05. "p < .01 , two-tailed.

.11
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magnitude greater than .20 (Conscientiousness and Honesty-Humility; Openness to

Experience and Extraversion; and Agreeableness and Honesty-Humility). In the current

study, there were also three correlations above .20 (Table 17), with two of the same

correlations found in Lee and Ashton's highest three correlations (Openness to

Experience and Extraversion; and Agreeableness and Honesty-Humility).

Table 18

Correlations Between Self-Reported Personality Scales and Ability Measures and
Academic Average

Measure <





82

Correlations with Measured Multiple Intelligences. Correlations between the six

personality constructs and ability tests are presented in Table 18. It was hypothesized that

Openness to Experience would be significantly and positively correlated only with

measures of crystallized intelligence (Linguistic and Interpersonal tests) and not measures

of fluid intelligence (Spatial, Naturalistic, and Logical/Mathematical tasks) or with non-

cognitive tasks (Musical, Intrapersonal, and Bodily-Kinesthetic measures). As

hypothesized. Openness to Experience was significantly and positively correlated with

both Linguistic tests (Opposites and Vocabulary) and both Interpersonal tests (Cartoon

Predictions and Social Translations). Openness to Experience was uncorrected with all

other abihty tests, with the exception of a small but significant correlation with Making

Groups (Naturalistic).

It was hypothesized that Conscientiousness would, in keeping with previous

research (Busato, Prins, Elshout, & Hamaker, 2000), be significantly and positively

correlated only with academic average. This hypothesis was supported, in that

Conscientiousness was correlated with self-reported academic average, and also had a

significant negative correlation with Accuracy (Intrapersonal). In contrast to two recent

studies reporting that Conscientiousness was significantly and negatively correlated with

intelligence (Moutafi et al, 2003; Moutafi et al., 2004), Conscientiousness was

uncorrected with the WPT in the current study.

In previous research, measures of emotional intelligence have been associated

with the Big Five factors of Extraversion and Emotional Stability. In the current study,

both Intrapersonal and Interpersonal measures were uncorrected with Extraversion.
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Table 19

Correlations Between Direct (Self-Rating) and Indirect (MAQ) Self-Estimated Multiple

Intelligences and Personality

*
Ability
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Because the HEXACO personality factors were used, rather than the Big Five, there was

no measure that was entirely equivalent to Emotional Stability. The HEXACO

Emotionality factor is most similar, but it was not correlated with either Intrapersonal

measure.

Correlations with Self-Estimated Multiple Intelligences. The correlations of the

six personality factors with both direct self-ratings and indirect MAQ self-estimates are

presented in Table 19. Openness to Experience and Conscientiousness were generally

related to self-estimated Intrapersonal ability as well as the cognitive abilities (i.e.,

Linguistic, Spatial, Logical/Mathematical, Interpersonal, and Naturalistic) with the

exception of Naturalistic. Openness to Experience was uncorrelated with self-rated

Logical/Mathematical ability, however, and both Openness to Experience and

Conscientiousness were significantly and positively correlated with MAQ Bodily-

Kinesthetic ability.

Honesty-Humility was generally uncorrelated with self-estimated muhiple

intelligences, with the exception of its significant positive correlation with MAQ

Interpersonal and its significant negative correlation with MAQ Spatial. Emotionality

was positively correlated with MAQ Musical and Interpersonal abilities, but negatively

correlated with both MAQ and self-rated Logical/Mathematical ability and self-rated

Bodily-Kinesthetic ability. Agreeableness was significantly and positively correlated with

self-rated and MAQ Bodily-Kinesthetic ability, as well as MAQ Interpersonal and

Musical abilities. Extraversion was positively correlated with both self-rated and MAQ

self-estimates of Linguistic, Interpersonal, Intrapersonal, and Bodily-Kinesthetic abilities.
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Sex Differences

Measured Multiple Intelligences (Table 20). Women outperformed men in

Making Groups (Naturalistic) and Cartoon Predictions (Interpersonal). Men performed

better than women in Necessary Arithmetic Operations (Logical/Mathematical). These

differences, while significant, were quite small. The differences in Interpersonal and

mathematical reasoning tests were hypothesized, whereas women's slightly greater

Table 20

Means and Standard Deviationsfor Each Ability Test by Sex, and Results oft-tests ofSex

Differencesfor Each Variable

Measure

Mean SD Mean SD
(Men) (Men) (Women) (Women)
« = 84 «=116

df

Opposites
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performance in the Naturalistic measure was unanticipated. Hypothesized sex

differences in arithmetic computation, fine motor abihty, generating opposites, and

visualization did not emerge in this study, nor was there a sex difference in the second

Interpersonal test.

Table 21

Means and Standard Deviationsfor Direct Self-Ratings and Indirect MAQ SelfEstimates

by Sex, and Results oft-tests ofSex differencesfor Each Variable
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Self-Estimated Multiple Intelligences (Table 21). All sex differences in direct self-

ratings were in the direction ofmen having higher self-rated abilities than had women.

Men's self-ratings of Logical/Mathematical, Spatial, Bodily-Kinesthetic, and overall

intelligence were significantly greater than were women's. All but the Bodily-Kinesthetic

sex difference were hypothesized.

When MAQ self-estimates were examined for sex differences, the results were

somewhat different from those of the direct self-ratings. Logical/Mathematical and

Naturalistic were the only domain in which men's MAQ self-estimates were significantly

higher than women's. Women's MAQ self-estimates were higher than men's in the

Intrapersonal and Interpersonal domains. The sex differences in Logical/Mathematical

and Interpersonal intelligences were hypothesized, whereas women's higher self-

estimated Intrapersonal intelligence and men's higher self-estimated Naturalistic

intelligence were not.

Table 22

Means and Standard Deviationsfor Self-Reported Personality by Sex and Results oft-tests

ofSex Differencesfor Each Variable

Personality
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Personality (Table 22). There were sex differences in three of the six personahty

factors. Women reported significantly higher levels of Extraversion, Emotionality, and

Honesty-Humility. Only the difference in Extraversion was unhypothesized.





General Discussion

Measured Multiple Intelligences

The results of this study provide support for hierarchical theories of intelligence,

in that the cognitive tests were all correlated with the measure of general intelligence and

all loaded together on a single factor. Tests with the highest saturations with general

intelligence, as established both through correlations with a measure of general cognitive

ability and through g-loadings, were Diagramming Relationships (Naturahstic) and

Necessary Arithmetic Operations (Logical/Mathematical). The high g-loading of

Necessary Arithmetic Operations was expected, because mathematical reasoning is

generally assumed to be highly associated with general intelligence. Additionally, it was

unsurprising that this test, of all ability tests, had the highest correlation with the WPT,

since there was overlap in content, with mathematical reasoning items represented on the

WPT.

The emergence of Diagramming Relationships, a Naturalistic test, as having the

highest g-loading and the second-highest correlation with the WPT was perhaps slightly

surprising. This test's correlation with the WPT cannot be explained by overlapping

content, as there are no tasks resembling Diagramming Relationships on the WPT.

Although this test closely matches Gardner's description of Naturalistic Intelligence, its

high g-loading can likely be explained by its demand for logical reasoning. In fact.

Diagramming Relationships would seem to be a sound measure of general intelligence in

that it was substantially and significantly correlated with every cognitive test, as well as

having small but significant correlations with Consistency (Intrapersonal) and Rhythm

(Musical). This finding suggests not only that logical reasoning is a good measure ofg.

89
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but also that reasoning might be a cross-cutting abihty which is utilized within each of

Gardner's cognitive intelligence domains, counter to Gardner's model which assumes

there are no such horizontal abilities.

Other tests with high g-loadings (greater than .45) are the remaining highly

cognitive tests—that is, both Linguistic tests (Opposites and Vocabulary), both Spatial

tests (Map Planning and Paper Folding), the second Naturalistic test (Making Groups),

and Social Translations (Interpersonal). The high ^-loadings of the Spatial tests would

seem to contradict Gardner's notion that observed correlations among ability tests occur

due to a common verbal element. However, some support for the independence of

Gardner's intelligences, at least in regards to a distinction between Linguistic and Spatial

intelligences, was found in that neither Spatial test was significantly correlated with

either of the Linguistic tests. This result might be due to the nature of the sample in the

current study. The overwhelming majority of participants were undergraduate or graduate

students, a group who have possibly been admitted to university partly on the basis of

their abilities in Spatial or Linguistic areas. In addition, some restriction in range of

intelligence of the sample might have attenuated correlations in the current study. On

average, WPT scores in this study corresponded to a full-scale WAIS score of 1 14

—

ahnost one standard deviation above the WAIS mean of 100. Also, the WPT standard

deviation in the current study (5.79) is smaller than that reported for the WAIS normative

study (7. 12), indicating that participants in this study did not vary in cognitive ability as

widely as in the general population.

Vocabulary was not as highly correlated with the WPT as previous research

would have suggested (e.g., Wechsler, 1997), despite the fact that vocabulary items are
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represented on the WPT. However, the modest reliability of the Vocabulary test used in

the current study attenuated somewhat its association with the WPT and its g-loading.

This weaker than expected reliability might have been a function of the difficulty of the

vocabulary test employed in the current study. The test included relatively uncommon

words (e.g., salaam, perambulator, yawl, hauteur). Ullstadius, Gustafsson, and Carlstedt

(2002) found that g-loadings for easier words were greater than for difficult words. In

addition, they reported that not only were infrequent words poor measures ofg, but also

of verbal ability. In addition, there were only two Linguistic measures, whereas studies

that find high vocabulary loadings typically have several verbal measures, potentially

resulting in an overweighting of the verbal g-loading. However, Jensen (1991) noted that

the WAIS vocabulary subscale has a loading of .82 when factor analyzed with only the

six nonverbal subtests.

Tests with moderate g-loadings (.24 to .36) included Cartoon Predictions

(Interpersonal), Consistency (Intrapersonal), and Subtraction and Multiplication

(Logical/Mathematical). These tests are all somewhat less cognitive in nature than the

highly g-loaded tests, which all contained an element of reasoning. Particularly

noteworthy is the fact that Subtraction and Multiplication had a g-loading that was much

smaller than that of the other Logical/Mathematical task. Necessary Arithmetic

Operations. While both tests have some element of mathematical ability, the reasoning

task was far more saturated with general intelligence than performing rote mathematical

computations. .- ~

It is possible that Cartoon Predictions might have been more g-loaded had it been

more rehab le. Future investigations into the structure of mental abilities would do well to
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employ a more reliable nonverbal measure of Interpersonal ability.

Three of the remaining tests, Rhythm, Tonal, and Accuracy, had small g-loadings

between .10 and .20. It is difficult to make any conclusions about these tests, given that

two had extremely poor reliability, and the other was a first attempt at measuring

Intrapersonal intelligence. It seems possible that these three tests have somewhat greater

cognitive content than originally hypothesized, and that their g-loadings have been

attenuated by reliability and measurement issues. The small loadings of the Musical tests

and the fact that they were not significantly correlated with the WPT contrasts with some

research findings (e.g., Lynn, Wilson, & Gault, 1989). In addition, whereas studies have

found AMMA Tonal and Rhj^hm to be correlated with spatial tests (Gromko, 2004), no

such association appeared in the current study. Whether the unreliability of the Musical

tests was due to the test itself or factors specific to this study, such as acoustics in the

testing rooms or participant fatigue, it is almost impossible to draw conclusions from the

current study about how musical ability fits into the structure of mental abihties. Future

research with refined Intrapersonal measures and reliable Musical testing could result in

very different findings regarding these domains as they relate to other abilities and to

achievement.

The Bodily-Kinesthetic tests, on the other hand, were purely non-cognitive in

nature, and their near-zero g-loadings and correlations with the WPT were not surprising.

The tests within each ability domain tended to share more variance than they did

with tests in other domains, suggesting that the intelligences can be seen as second-order

ability factors. The Linguistic tests, for example, had considerable shared variance

beyond their substantial g-loadings. This finding fits with both hierarchical models and
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with Gardner's conceptualization of independent intelligence domains. The two

Naturalistic tests, on the other hand, shared little variance beyond that attributable to g,

suggesting that Naturalistic intelligence is not a coherent domain. The two Bodily-

Kinesthetic tests were not significantly correlated, suggesting that they, also, do not form

a coherent ability domain.

While it is difficult to imagine any pattern of results which would refute Multiple

Intelligences theory, the results of the current study support hierarchical models of

intelligence. The substantial g-loadings of Naturalistic and Spatial tests suggest that g is

far more pervasive than Gardner would seem to suggest. Gardner has stated that

intelligence tests tend to largely measure Linguistic and Logical/Mathematical abilities,

but the WPT was positively and significantly correlated with all cognitive tests, both

verbal and nonverbal, and all cognitive measures clearly loaded onto a single factor.

Multiple Intelligences theory would seem to predict more coherent ability domains than

those which emerged in the current study. In addition, Gardner's theory would seem to

predict that the ability domains should have been relatively independent of each other.

Self-Estimated Multiple Intelligences

The weak correlations between self-estimated and actual abilities indicated that

neither direct self-ratings nor the indirect MAQ was an adequate substitute for ability

tests. Participants were better able to estimate their ability in domains that are fi-equently

observed in people's Hves (gross motor, linguistic, mathematical), but even then,

correlations were only moderate. Neither Naturalistic test was correlated with self-rated

Naturalistic ability, for example. The ability to classify objects is not greatly discussed or
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measured in western cultures, and participants might have been relatively unaware of

strengths or deficits in this area.

It is surprising, however, that neither Spatial measure was significantly correlated

with self-rated Spatial intelligence, because this ability would seem to be quite important

in people's lives if they are to understand diagrams and graphs or even find their way

around without getting lost. It is also somewhat surprising that Interpersonal measures

were not more highly correlated with self-rated Interpersonal ability, because people

might be expected to have become aware of strengths and shortcomings in an ability that

is so frequently employed. However, the poor reliability of the Cartoon Predictions test

attenuated its correlation with self-rated Interpersonal ability.

Self-rated Bodily-Kinesthetic ability was significantly correlated with the Stork

Stand but not with Mark Making. The fact that the two MAQ Bodily-Kinesthetic items

that specifically referred to fine motor abilities were uncorrected with Mark Making is

troublesome, suggesting validity issues with either these two items or with Mark Making

or with self-estimates in general.

Consistency (Intrapersonal) showed a clear pattern of negative correlations with

both self-ratings and MAQ self-estimates, whereas correlations between Consistency and

measured abilities were generally positive. One explanation for this effect is that

participants who were consistent in describing their personalities were also more realistic

in describing their own abilities. Participants typically described themselves as above

average in every ability domain. Perhaps participants who were high in Consistency rated

their own abilities at a more realistic and, thus, lower level than participants who received

low scores in Consistency. This increased accuracy would not be reflected in the
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Accuracy score of these participants, since general over- or under-estimation of one's

own abilities was controlled in the calculation of the Accuracy score.

Paulhus et al. (1998) found that self-report measures, even with aggregation, did

not exceed .30 in correlations with measured intelligence. In the current study, the

MAQ's indirectly self-estimated Logical/Mathematical ability had the highest correlation

with the WPT, at .32, a greater correlation with measured ability than Paulhus et al.

achieved in associating self-estimates with measured ability. Within the direct self-

ratings, self-rated Logical/Mathematical ability also had the highest correlation with the

WPT. In fact, self-rated Lx)gical/Mathematical ability was more highly correlated with

the WPT than was self-rated overall intelligence.

In the current study, several correlations between self-estimated abilities and

specific tests slightly exceeded Paulhus et al's (1998) .30 maximum: self-rated

Logical/Mathematical intelligence and Necessary Arithmetic, a mathematical reasoning

test; self-rated Bodily-Kinesthetic intelligence and the Stork Stand, a balance test;

indirectly self-estimated Linguistic ability and Opposites, an associational fluency task;

and indirectly self-estimated Linguistic ability and Vocabulary. Paulhus et al. reported

that direct items about broad cognitive abilities and items with content related to

enjoyment and frequency of reading were most highly associated with measured

intelligence, but that was not the case in the current study.

Neither form of self-assessment used in this study provided an accurate

assessment of all the intelligence domains; in fact, neither instrument yielded any

correlation with actual performance above .36. While the MAQ was somewhat superior

to direct self-ratings in terms of its correlations with measured abilities, it would seem
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that people are not accurate in predicting their own performance in most domains,

particular those in which they would not have received a great deal of clear feedback

about their performance, such as Naturalistic and Intrapersonal. This finding casts some

doubt as to the validity of the numerous self-report questionnaires being used to assess

Multiple Intelligences. It seems possible that these questionnaires could be measuring

interest, self-esteem, or some other construct altogether.

Personality

As hypothesized, self-reported Openness to Experience was correlated with both

Linguistic tests, which are measures of crystallized intelligence. In addition, Openness to

Experience had a smaller but significant correlation with Cartoon Predictions and Social

Translations, which also have a strong element of crystallized knowledge. Correlations

with all other tests were non-significant and near-zero, suggesting that, as hypothesized.

Openness to Experience is not associated with fluid intelligence.

The significant correlation between Vocabulary and Honesty-Humility could

potentially be related to the content of the Honesty-Humility items {sly, sneaky, tricky,

undevious, pretentious, pompous, cunning, and undeceptive). Because there are fewer

positive adjectives in the Honesty-Humility domain, this personality factor was the only

one which did not have equal numbers of positive and negative words. Wh\\Q pretentious

was defined for participants, the other words were not. It is possible that participants with

weaker vocabularies did not understand the negative connotations of some words and

were, thus, more likely to agree with them.

Openness to Experience and Conscientiousness were both correlated with many
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of the directly self-rated and indirectly self-estimated abilities. It could be that

academically-oriented individuals who see themselves as highly conscientious and open-

minded, two characteristics highly valued in a university environment, might also see

themselves as being highly able in other school-related abilities. Perhaps the correlations

between the two personahty factors and cognitive abilities would be somewhat smaller in

a community sample.

Sex Differences

Sex differences in this study were generally unremarkable. Differences between

the sexes in measured multiple intelligences were small in number and in magnitude.

Men's direct self-ratings of their abilities were significantly higher than women's in half

of the rated abilities. Given that all the self-ratings tended to be inflated, it seems possible

that women's self-ratings might be more realistic and accurate than men's in these four

domains. In the Multiple Ability Questionnaire, the sex differences were more evenly

distributed in that men estimated their Logical/Mathematical and Naturalistic abilities

higher than did women, and women estimated their Interpersonal and Intrapersonal

abilities higher than did men. Sex differences in personality were as hypothesized in that

women reported greater Emotionality and Honesty-Humility. Women's greater self-

reported Extraversion was unhypothesized, but the effect size was quite small.
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Conclusions

The substantial g-loadings of all cognitive tests in the current study contradict

Gardner's assertion that there are at least eight independent intelligence domains. While

Gardner has acknowledged the existence ofg and conceded that the eight intelligences

might not be entirely independent, his contention that positive correlation between

various cognitive tasks are largely due to verbal demands was clearly not supported in

this study. That finding that the non-cognitive tests in this study were not g-loaded is

unsurprising, and suggests that Gardner is likely correct in claiming that Bodily-

Kinesthetic ability is quite different from the various cognitive abilities.

The coherence of some of the ability domains, as shown by significant residual

correlations after the extraction ofg, tends to lend partial support to Multiple Intelligence

theory and to hierarchical models. Tests within certain domains, such as Linguistic,

clearly had much in common over and above any relationship with g. Tests within the

Intrapersonal domain, however, were uncorrelated, and the small correlation between the

two Bodily-Kinesthetic tests did not reach statistical significance, suggesting that the

intelligence domains do not all represent coherent constructs.

Without further research, it seems premature for schools and parents to

wholeheartedly embrace Multiple Intelligences curriculums. A cautious approach to

Multiple Intelligences theory does not imply that students should not be treated as

individuals with strengths to be nurtured and weakness to be remediated. Instead, the

current study would seem to suggest that Multiple Intelligences theory does not explain

the data with sufficient precision for this model to be the basis of classroom planning.

Future explorations of Gardner's model could focus on refining assessment
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instruments, particularly Intrapersonal measures. Gardner's approach to assessment,

which would have people tested with intelligence-fair but familiar materials in the

performance of culturally-valued tasks, does not easily lend itself to experimental

standardization. Other future investigations of mental abilities could explore the existence

and nature of cross-cutting, horizontal abilities, such as memory, creativity, and/or

reasoning.
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MULTIPLE ABILITY QUESTIONNAIRE
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Think about each statement, and indicate how accurately it describes your abilities, using

thefollowing scale:

1 = very inaccurate

2 = somewhat inaccurate

3 = neither accurate nor inaccurate

• 4 = somewhat accurate

5 = very accurate

I don't care for reading.

When I've made a mistake solving a math problem, I can usually go

back and figure out where I went wrong.

I'm usually the one who smooths things over when my friends or family

get into disagreements

.

I sometimes choose a job or course then discover it doesn't suit me at all.

I can speak very persuasively when I need to.

I have trouble differentiating between various makes and models of cars.

I'm good at making things with my hands.

I fmd it pretty easy to learn new dance steps.

I often tap my foot in perfect rhythm while listening to music.

I have difficulty understanding information presented in diagrams.

Sometimes I have no idea why I do the things I do.

I sometimes plan out what my life will be like in five years.

I'm a very logical person

I don't have a very good sense of direction.

People often use words 1 don't understand.

I'm good at completing jigsaw puzzles.

I have difficulty clapping to a beat.

I often find myself in conflict with my friends or family.

When I'm in a bad mood, I can usually pinpoint exactly what's

bothering me.

I sometimes get annoyed when people tell me their problems.

I think of myself as a musical person.

When I look in the night sky, I can usually distinguish stars from planets.

I sometimes find it difficult to understand articles in the newspaper.

I'm pretty good at learning foreign languages.

I can usually tell someone's upset before they tell me.

I pride myself on being a good friend.

I can identify most species of trees.

12 3

1 2 3

1 2 3

12 3

2 3

2 3

2 3

2 3

2 3

2 3

2 3

2 3

2 3

12 3

12 3

12 3

12 3

12 3

12 3

12 3

12 3

1 2 3

2 3

2 3

2 3

2 3

4 5

4 5

12 3 4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5

4 5
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SELF-ESTIMATED ABILITY INVENTORY

For each ability below, indicate how you think you compare with other Brock University

students by placing an "x" on the line to indicate what percentage of these students would

have a lower level of ability than you do.

1. Using and understanding language (both in writing and speaking).

J I \ \ I \ \ \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

2. Analyzing problems logically, and working things out mathematically and/or

scientifically.

J I I I \ I : I I \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

3. Natural sense of musical pitch and rhythm.

J \ \ \ \ \ \ \ I \ L

0% 10 20 30 40 50 60 70 80 90 100%

4. Spatial ability (for example, visualizing objects from different angles, orienting yourself

in an unfamiliar place, recognizing visual patterns).

i \ \ \ \ \ I \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

5. Coordinating your physical movements (for example, in sports, dancing, crafts,

technical work).

J \ \ \ \ \ \ \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

6. Understanding yourself, your strengths and weaknesses, and making good decisions

about your hfe.

J \ \ \ \ \ I \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

7. Working with other people and understanding why they do the things they do.

1 I I I \ I I I \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

8. Classifying things (especially living things) and making distinctions between similar

objects.

i I I I \ \ I \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%

9. Overall intelligence.

J \ \ \ \ I \ \ \ \ I

0% 10 20 30 40 50 60 70 80 90 100%
m
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Personality Self-Rating Form

Please consider each adjective below, and indicate how accurately that adjective

describes your typical personality, using the following scale:

1 = extremely inaccurate

2 = very inaccurate

3 = somewhat inaccurate

4 = sUghtly inaccurate

5 = neither accurate nor inaccurate

6 = slightly accurate

7 = somewhat accurate

8 = very accurate

9 = extremely accurate

Creative
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