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EMPIRICALL EVALUATION 

OFF STERNBERG'S TRIARCHIC 

THEORYY OF HUMAN INTELLIGENCE 

Inn this chapter Sternberg's triarchie theory of human intelligence is evaluated. 

Forr this purpose a typical performance measure was constructed, using the facet 

designn method. A two-dimensional facet design was hypothesized, featuring a 

processs facet (knowledge acquisition, performance, experience and context), and a 

domainn facet (numerical, verbal and spatial). Reliability and validity were assessed in 

aa sample of 268 high school students. Overlap with maximal performance measures 

wass established using the Differential Aptitude Tests. Confirmatory factor analysis 

wass used to test the adequacy of the facet design. Reliability, validity and model-fit 

showw favorable features of the typical performance measure. These results support 

Sternberg'ss theory. 
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INTRODUCTION N 

Sternbergg (1988) asserts that a fundamental problem with existing 

intelligencee tests is their focus on reasoning with artificial concepts, paying littl e 

attentionn to the relationship between mental tasks and the external world. 

Psychologistss have tried to describe intelligence within a tradition of one or more 

general,, underlying factors, and several models with different basic forms of 

intelligencee have been proposed. The different conceptualization of these models 

mayy be the result of an emphasis on measurement rather than theories: 

'Unfortunately,, psychometric theorists never provided any a priori guidelines 

forr task selection. Rather they chose tasks which they thought would "work", 

inn some sense of the word. As time progressed, the major basis for task 

selectionn seems to have become past use: Tasks were used that were similar 

orr identical to, tasks that had been used before. But tradition scarcely 

constitutess an a priori, theoretical basis for choosing tasks that measure 

intelligence.. (...) At times, cognitive psychology has seemed to be a 

psychologyy of tasks (...) whose inter-relationships have been only vaguely 

understood'' (Sternberg, 1985, p. 67). 

Althoughh the authors endorse this view, the current research presents a 

combinationn of several psychometric theories that indeed may provide an a priori 

guidelinee for item selection. Using Sternberg's own triarchie theory of human 

intelligencee (1994), this research shows how theory driven measures of intelligence 

cann be developed. 

Theree is not just a need for a priori  psychometric guidelines in item selection 

butt there is also a need to test modern theories of intelligence. Killin g two birds with 

onee stone, this study also shows how modern theories of intelligence may be 

empiricallyy evaluated. 

Traditionally,, intelligence is measured with maximal performance tasks 

(Cronbach,, 1949). There may be a rationale for a preference of this type of 

measurementt where it concerns individual assessment. However, this rationale is not 
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soo obvious, when the nature of intelligence itself is being assessed. In the latter case, 

typicall  performance measures may be used just as well. Even more so, since overlap 

betweenn maximal and typical measures of intelligence has been found in several 

studiess (Ackerman, 1994; Ackerman & Heggestad, 1997; Rolfus & Ackerman, 1996; 

Sternberg,, Conway, Ketron & Bernstein, 1981). 

Sternbergg (1985) proposed a comprehensive theory for the conceptualization 

off  intelligence. The current research aims at an operationalization of the central 

conceptss of this theory, in order to evaluate its validity. 

Forr the operationalization of these central concepts the facet design method 

(Guttman,, 1954) was used. The facet design method is a systematic method for the 

operationalizationn of theoretical concepts. The facet design also provides hypotheses 

aboutt the structure of the data. These hypotheses can be tested with confirmatory 

factorr analysis, a statistical technique that also allows examination of variables at a 

latentt level. Moreover, confirmatory factor analysis, gives confirmative support for a 

theory-basedd hypothesis such as the structure of intelligence (Mellenbergh, 

Kelderman,, Stijlen & Zondag, 1979) in contrast to a data driven, inductively derived 

exploratoryy factor model (e.g. Carroll, 1993). 

SternbergSternberg 's triarchie theory 

Sternberg'ss theory (e.g. Sternberg, Torff & Grigorenko, 1998; Sternberg, 

Grigorenko,, Ferrari & Clinkenbeard, 1999) comprises a three-way approach to the 

conceptt of cognitive abilities or human intelligence: components, experience and 

context.. The first approach, the componential structure, refers to an individual's 

internall  world. A component can be thought of as an elementary function of 

informationn processing. Sternberg distinguishes three main components: meta, 

knowledgee acquisition and performance (Sternberg, 1985). The meta components 

plan,, direct and evaluate the processing of information, recognizing a problem, 

translatingg the problem into a useful formula, planning the strategy and monitoring 

thee problem solving process. Guided by the meta components, the knowledge 

acquisitionacquisition components direct the resolution of new problems, searching and 

selectingg possible useful information from whatever is available. The performance 

componentscomponents are lower order processes and work out the plans implemented by the 
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metaa components, completing the tasks directed by the meta components and using 

thee information delivered by the knowledge acquisition components. Both knowledge 

acquisitionn and performance are hierarchically subsumed within meta components. In 

additionn to these main components, Sternberg distinguishes retention and transfer 

processes,, which are outside the scope of the present study. 

Thee second form of intelligence, intelligence and the experience of an 

individual,, relates to the speed of both solving new problems and of acquiring an 

efficientt automatism. This is the intelligence that an individual shows in interaction 

withh the external world. 

Thee third form of intelligence, intelligence and context, comprises three 

capacities:: adjustment to an environment, selection of new environments and shaping 

one'ss environment. This form describes the elementary capacities any living 

organismm uses to adapt to an environment and the efficient strategies chosen in a 

changingg and uncertain world. More intelligent people will adjust more efficiently: 

'theyy know how to make the most of what they have and how to expand the range of 

whatt they are able to do' (Sternberg, 1988, p. 17). 

TheThe Facet Method 

Thee Cognitive Abilities Self-Evaluative Questionnaire, or the CASE-Q was 

constructedd with the facet method (Borg, 1979; Canter, 1985; Guttman, 1954; 

Oosterveld,, 1996). The aim of the method is to optimize content validity with a 

systematicc and ideally, exhaustive specification of a concept. Concept analysis 

consistss of the following three steps. 

First,, the essential aspects (or facets) of the concept are identified. For 

examplee Dekking and Raadsheer (1977) made a facet design for social anxiety in 

children.. They defined social anxiety as an anxiety response in a situation requiring a 

certainn achievement, in which case anxiety response and situation are the facets of 

sociall  anxiety. 

Second,, the elements of the facets are determined so that they describe 

mutuallyy exclusive categories within the facet. In the example of social anxiety the 

responsee facet was divided in a cognitive, an affective, a physical, and an avoidance 

response.. The situation facet was divided in a social, an intellectual, and a physical 
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achievement. . 

Third,, the final structure of the facet design is determined by a representation 

off  the facets, their elements and the relationships between the facets in a so-called 

mappingg sentence. The mapping sentence is the verbal expression of the facet design 

andd produces the different specific descriptions of the concept. Every single specific 

descriptionn (structuple) results from the combination of one facet element with one 

off  the elements of each of the other. Several items are written per structuple 

accordingg to the specified mapping sentence. In the case of social anxiety there were 

122 combinations of facet elements (structuples), defining unique representations of 

sociall  anxiety. In the case of social anxiety in children, an example of such a 

structuplee is a physical anxiety response in a situation requiring a social achievement, 

e.g.,, blushing when entering a room full of strangers. 

FlatFlat triarchy 

Sternberg'ss triarchie theory of intelligence (1985) was chosen as the 

theoreticaltheoretical framework in this research. Sternberg's theory addresses the processes of 

cognitivee functioning. However, littl e attention is paid to the content of the task 

processes.. Distinguishing content domains in addition to Sternberg's aspects seemed 

aa sensible approach. Therefore, two facets were chosen in the concept analysis: a 

PROCESSS facet, covering the cognitive processes of Sternberg's theory and a DOMAIN 

facet,, consisting of three cognitive domains. 

Thee PROCESS facet was divided into four elements: knowledge acquisition, 

performance,, experience and context. Since the facet elements in a facet design 

shouldd be independent the meta component was not included, because of its alleged 

influencee on the lower order components. This component was, however, viewed 

implicitlyy as an aggregate of knowledge acquisition and performance. It should 

explicitlyy be noted that the creative aspect of the experiential theory was not 

incorporatedd in the current model. 

Thee DOMAIN facet comprises the numerical, verbal and spatial domain. 

Sternbergg et al. (1999) used a similar division in domains in addition to the triarchie 

processess in the development of the STAT. 

Combiningg these two facets results in 12 specific faces of intelligence. Figure 
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2.11 shows the facet design for the triarchie theory with codes for the facet elements 

andd the structuples. This facet design gives rise to two sets of scores: domain scores 

(verbal,, spatial and numerical) and process scores (knowledge acquisition, 

performance,, experience and context). 

FigureFigure 2.1 Facet design and mapping sentence for cognitive abilities 

FACETT DESIGN 

DOMAINN FACET 

Numerical l 
Verbal l 
Spatial l 

Experience e 

NE E 
VE E 
SE E 

Knowl.) ) 

NK K 
VK K 
SK K 

PROCESSS FACET 

^cq.. Performance 

NP P 
VP P 
SP P 

scalee 4 scalee 5 scalee 6 

Contextual l 

NC C 
VC C 
SC C 

scalee 7 

|| scale 1 
jj scale 2 
jj scale 3 

II rate a statement, related to 

PROCESSES S 

experience e 
acquisitionn of knowledge 
performance e 
contextuall adaptation 

MAPPINGG SENTENCE 

DOMAINS S 

numerical l 
aa verbal task, requiring 

spatial l 

RESPONSES S 

Veryy weakly 
— >> to applicable 

Veryy strongly 

Figuree 2.1 also shows the mapping sentence for the CASE-Q. The four 

elementss of the process facet are crossed with the three elements of the domain facet, 

resultingg in 12 structuples. Each structuple reflects a specific mental state; for 

example,, a subject may be acquiring new verbal expressions (VK), or automating a 

mathematicall  approach (NE). By calculating the sum of rows and columns, seven 

scaless for cognitive processing can be created. 

Hypotheses Hypotheses 

Twoo hypotheses concerning the questionnaire are formulated. The first 
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hypothesizess overlap with maximal performance measures, whereas the second 

hypothesiss concerns the factorial structure of the data. 

Thee first hypothesis states that the scales of the questionnaire show positive 

relationss with corresponding maximal performance measures and low, or at least 

lowerr with non-corresponding measures. 

Withh respect to the second hypothesis, Mellenbergh et al. (1979) proposed a 

generall  factorial model for the structure of data resulting from a facet design. The 

assumptionn underpinning this model is that structuples forming a facet have 

somethingg in common and can be described by a common factor. Consequently the 

factorr model is not a simple structure solution, as each structuple loads on its 

constituentt facet element factors. Thus, in the present case, the hypothesized factor 

modell  contains four process factors and three domain factors, and each structuple has 

twoo factor loadings: one on its process and one on its domain factor. With respect to 

thee relationships among factors, it is assumed that the factors do not correlate 

betweenn the facets, whilst they are allowed to correlate within the facets. 

METHOD D 

Sample Sample 

Thee questionnaire was administered to 268 pupils (age 12-17) attending 

varyingg types of Dutch secondary education. The sample was almost split equally 

betweenn genders, with 132 males and 136 females completing the questionnaire. 

TypicalTypical performance measure 

Eightt self report items were written for each of the twelve structuples. Half of 

thee items were indicative, for example: 'In an unfamiliar building I quickly know my 

wayy around', whereas the other half were contra-indicative, for example, 'I find it 

difficultt to calculate the volume of a shed.' These statements were written according 

too the mapping sentence (Figure 2.1) and followed by a 5-point response scale. The 
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itemss were stated as follows (i= indicative; c= contra-indicative): 

Numericc Experience: I am fast with brainteasers that need something to be calculated (i) 

Numericc Knowl. Acq.: Math exercises with a lot of information get me confused (c) 

Numericc Performance: Without an example calculation, I make mistakes (c) 

Numericc Contextual: I can calculate the number of bricks needed to build a wall around a garden (i) 

Verball  Experience: I find it hard to write a littl e poem quickly (i) 

Verball  Knowl. Acq.: I seldom get the meaning of difficult words from the context (c) 

Verball  Performance: I have littl e difficulty with the spelling of Dutch words (i) 

Verball  Contextual: I adjust my own speaking to people who use a lot of difficult words (i) 

Spatiall  Experience: I can quickly find my way to the center in a strange town (i) 

Spatiall  Knowl. Acq.: 1 find it hard to walk through a maze, even the second time (c) 

Spatiall  Performance: I find it difficult to estimate the altitude of a flying bird (c) 

Spatiall  Contextual: I don't understand how the Inuit build a round igloo from ice (c) 

Thesee 96 items were tested in a pilot study among 44 pupils of a secondary 

schooll  (age 13-15). The pupils completed the questionnaire and were instructed to 

criticizee the items on word choice and content. Items were maintained that (1) 

contributedd optimally to the highest possible Cronbach's a for their structuple and 

thee two related scales; (2) had a high correlation with their own scales and a 

substantiallyy lower correlation with all other scales; (3) made an optimal contribution 

too the structuple content in line with the facet design; (4) were not criticized on 

comprehensibility.. The results indicated problems with 22 items; these were 

consequentlyy discarded and replaced with newly written items. The resulting 96 

itemss were then administered to the aforementioned sample of 268 pupils. 

Too optimize the test, four items were removed from each structuple according 

too the concept of content saturation (Jackson, 1971); that is to say, items should show 

aa high correlation with the intended scale and a low, or at least a lower correlation 

withh all other scales. Two indicative items and two contra-indicative items were 

removedd for each structuple, resulting in structuple scales of four items, process 

scaless of 12 items, and domain scales of 16 items. 

Cronbach'ss a was used to establish the reliability of the scales. Scales with a 

loww reliability do not measure a construct with enough precision. Nunnally (1967) 

considerss a value of 0.70 as the lower boundary for sufficient reliability. 

28 28 



ChapterChapter 2: Evaluation of Sternberg 

MaximalMaximal performance measures 

Thee Dutch version of the Differential Aptitude Test (DAT; Evers & Lucassen 

1984)) was used as the maximal performance measure. The DAT consists of nine 

subtests.. Three of these subtests measure Verbal Ability : Spelling, Vocabulary and 

Languagee Usage. Spatial Abilit y and Numerical Abilit y are covered by Space 

Relationss and Numerical Abilit y respectively. Experience is considered to relate to 

efficiency.efficiency. Therefore, the experience score served as an indicator of Clerical Ability . 

Knowledgee acquisition and performance are considered to be indicators for 

Reasoningg Ability : Verbal Reasoning and Abstract Reasoning. Context concerns the 

abilityy to generalize problem solving strategies and therefore functions as an 

indicatorr of Mechanical Relations, since these may be considered a generalized, or at 

leastt applied form of formal science. 

Too evaluate the first hypothesis, correlations between the scales of the CASE-Q 

andd the DAT scales were calculated. Although basically arbitrary, the commonly used 

valuee of 0.30 was used as the lower boundary for sufficient overlap (e.g., Paulhus, 

Lysy,, & Yik, 1998). 

ConfirmatoryConfirmatory factor analysis 

Too evaluate the second hypothesis, a confirmatory factor analysis was 

performedd on the covariance matrix of the structuples. As stated above, a seven-

factorr model was fitted to the data. Every structuple has two factor loadings, one 

relatingg to a process factor, and one relating to a domain factor. All the other factor 

loadingss are restricted to zero. The correlations between the process and domain 

factorss are restricted to zero, but within a facet the elements are allowed to correlate. 

Thiss is a fairly restrictive model with 33 degrees of freedom. The acceptability of the 

modell  was tested with a %2 test. This test should result in a non-significant p-value, 

sincee significance indicates misfit. In large samples, however, the %2 test may have 

tooo much power and models with trivial misfit may be rejected falsely. Fit measures 

aree available that are less affected by sample size, such as the goodness of fit  index 

(GFI)) and the adjusted goodness of fit  index (AGFI) and Steiger's (1990) root mean 

squaree error of approximation (RMSEA). Both the GFI and AGFI should exceed 0.90 
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(Marsh,, Balla, & McDonald, 1988). The RMSEA gives the error per degree of freedom 

off  the fit  of the population covariance matrix implied by the model to the population 

covariancee matrix itself. Browne & Cudeck (1993) suggest that values below 0.05 

indicatee a close fit, whereas values up to 0.08 represent reasonable errors of 

approximationn in the population. At a more detailed level, the factor loadings provide 

informationn on the strength of the relationship between the structuples and the 

underlyingg factors. A low factor loading (<0.30) indicates where a structuple does not 

sufficientlyy capture the supposed concept. 

GenderGender differences 

Twoo modes of analysis were performed to study possible gender effects on 

thee questionnaire. In the first approach a structural model on the questionnaire 

responsess of both males and females was fitted. This multi-group analysis, fitting a 

singlee model describing the covariance matrices of the two groups simultaneously, 

wass performed on the 7 factors of the model only. The above description of the 

acceptabilityy of the factor model may also be applied here. A non-rejected model will 

indicatee that the structure of the questionnaire and consequently the underlying theory 

appliess equally well to both male and female groups. However, the fit  of such a 

modell  tells us nothing about possible gender differences in the mean scores of the 

scales.. Therefore, a second approach was taken to investigate whether males and 

femaless perform equally well on the scales of the CASE-Q. A multivariate test on the 

equalityy of means of the scales was first conducted to establish an overall 

significancee level. The multivariate analysis of variance (MANOVA) was performed 

withh gender as the independent variable and the scales of the CASE-Q as the 

dependentt variables. This multivariate test includes differences between conditions 

onn all the scale means, as well as differences between all possible combinations of 

scaless (interaction effects). Next, univariate analysis of variance (ANOVA) was used 

too assess single scale-mean differences between gender. Effect sizes (ES), expressing 

scalee mean differences in terms of their standard deviation, were also calculated. 

Cohenn (1977) considers ES= 0.20 a small, ES- 0.50 an average and ES= 0.80 a large 

effect. . 
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RESULTS S 

ItemItem selection and reliability 

Thee scale reliabilities of the reduced scales are presented in Table 2.1. The 

reliabilityy coefficients of all eight scales exceed the 0.70 level. 

HypothesisHypothesis I: Overlap with maximal performance measures 

Correlationss of the CASE-Q scales with the DAT scales were obtained. The 

resultss are presented in Table 2.2. Except for Experience, which seems to be a better 

indicatorr for Numerical Ability , all convergent measures attained values above the 

0.200 level; most values exceeded the 0.30 boundary. 

TableTable 2.1 Reliabilities (Cronbach's a), means and standard deviations of 
thethe scales of the CASE-Q 

Numerical l 
Verbal l 
Spatial l 

Experience e 
Knowl.. Acq. 
Performance e 
Context t 

Meta a 

Cronbach'ss a 

0.90 0 
0.79 9 
0.86 6 

0.76 6 
0.71 1 
0.73 3 
0.74 4 

Mean n 

53.71 1 
54.38 8 
50.62 2 

38.83 3 
39.44 4 
38.95 5 
41.42 2 

0.84 4 78.48 8 

SD D 

12.62 2 
9.90 0 
10.50 0 

7.42 2 
7.45 5 
6.78 8 
7.80 0 

13.26 6 

## Items 

16 6 
16 6 
16 6 

12 2 
12 2 
12 2 
12 2 

24 4 

Note:: A/=268. 

AA number of violations of the convergent-discriminant relation pattern were 

foundd - as we do not regard the DAT as a true criterion in this context, we are hesitant 

too use the term validity. Regarding the discriminant relations in some cases the 

correlationn with non-overlapping measures is higher than with overlapping measures, 

notablyy this is the case with spatial, experience, knowledge acquisition, and 

performance.. In ^act, all the CASE-Q scales have substantial correlations with the 

verball  ability DAT subtests (notably Vocabulary and Language Usage). This is not 
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surprising,, given the fact that the CASE-Q items are all verbal self-descriptions. It has 

too be noted that the DAT subtest Space Relations is a limited indicator of Spatial 

insight,, because of its very similar unfolding tasks. Mechanical Relations, on the 

contrary,, consists of more varied tasks that heavily draw on Spatial insight because of 

thee spatial representations of the tasks; this may explain the higher correlation with 

thee CASE-Q Spatial scale. 

TableTable 2.2 Overlap of the CASE-Q scales with maximal performance 
measures measures 

CASE-QQ SCALES DIFFERENTIAL APTITUDE TEST 

Numerical l 
Verbal l 
Spatial l 
Experience e 
Knowt.. Acq. 
Performance e 
Contextual l 

VO O 

0.26 6 
0.37 7 
0.25 5 
0.26 6 
0.34 4 
0.36 6 
0.32 2 

SP P 

-0.01 1 
0.34 4 
0.01 1 
0.12 2 
0.11 1 
0.14 4 
0.06 6 

LU U 

0.15 5 
0.33 3 
0.20 0 
0.21 1 
0.25 5 
0.24 4 
0.27 7 

VR R 

0.28 8 
0.14 4 
0.22 2 
0.21 1 
0.30 0 
0.20 0 
0.27 7 

AR R 

0.36 6 
0.04 4 
0.21 1 
0.24 4 
0.27 7 
0.21 1 
0.26 6 

SR R 

0.36 6 
-0.03 3 
0.24 4 
0.21 1 
0.25 5 
0.19 9 
0.28 8 

MR R 

0.33 3 
0.01 1 
0.39 9 
0.19 9 
0.30 0 
0.26 6 
0.39 9 

NA A 

0.48 8 
-0.06 6 
0.22 2 
0.37 7 
0.28 8 
0.28 8 
0.15 5 

CA A 

0.11 1 
0.01 1 

-0.05 5 
0.09 9 
0.03 3 
0.09 9 

-0.06 6 

Note:: vo=Vocabulary, SP= Spelling, Lu= Language Usage, VR= Verbal Reasoning, AR= 
Abstractt Reasoning, SR= Space Relations, MR= Mechanical Relations, NA= Numerical 
Ability,, CA= Clerical Ability; Correlations of corresponding measures are in bold type; 
A/=268. . 

HypothesisHypothesis 2: Confirmatory factor analysis 

Thee covariance structure of the structuple scores was analyzed using 

confirmatoryy factor analysis. A model with seven factors was fitted to the covariance 

matrix.. In formal terms, the chi-square test resulted in a rejection of this model (%2 

=48.5;; df=33>; p=0.04). However, the ratio of the chi-square to the degrees of freedom 

iss quite small and the alternative descriptive goodness of fit  measures are acceptable. 

Thee GFI = 0.97 and AGFI = 0.93 both exceed the 0.90 boundary, and the RMSEA 

(0.043)) is smaller than 0.05; the 90 percent confidence interval for RMSEA is between 

0.0122 and 0.067, with a p-value for test of close fit  (RMSEA < 0.05) = 0.66. 

Factorr loadings, factor correlations and unique variances for this analysis are 

shownn in Table 2.3. Among the four italicized low factor loadings, the 0.19 for NC is 

thee lowest. The process factor loadings for the verbal structuples (VE, VK, VP, and 

VC)) are low compared to the other structuples. 
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TableTable 2.3. Model fit and parameter estimates of the facet design 

FACTORR LOADINGS AND UNIQUE VARIANCES 

Num. . Ver.. Spa. 

NE E 
NK K 
NP P 
NC C 
VE E 
VK K 
VP P 
VC C 
SE E 
SK K 
SP P 
SC C 

0.5 4 4 
0.7 6 6 
0.6 1 1 
0.19 0.19 
— — 
— — 
--
--
--
--
— — 
--

--
--
--
--

0.7 2 2 
0.5 7 7 
0.8 3 3 
0.5 4 4 

---
--
--
--

---
--
--
— — 
--
--
--
--

0.3 9 9 
0.3 8 8 
0.4 1 1 
0.8 3 3 

Exp. . 

0.62 2 

0.23 0.23 

0.73 3 

KAc. . 

0.53 3 

0.31 1 

0.67 7 

Per.. Con. 

0.59 9 

0.24 0.24 

0.61 1 

0.96 6 

0.27 0.27 

0.50 0 

uniquee var. 

0.33 3 
0.15 5 
0.28 8 
0.04 4 
0.42 2 
0.58 8 
0.26 6 
0.63 3 
0.31 1 
0.40 0 
0.46 6 
0.06 6 

FACTORR CORRELATIONS 

Numerical l 
Verbal l 
Spatial l 

Experience e 
Knowl.. Acq. 
Performance e 
Contextual l 

Num.. Verb. Spa. 

1.00 0 
0.055 1.00 
0.300 0.16 1.00 

Exp.. KAc Per. Con 

1.00 0 
0.922 1.00 
0.922 0.91 1.00 
0.799 0.74 0.77 1.00 

Note:: A/=268, low factor loadings are italicized, - - describes a parameter restricted to 0. 

Thee domain factor correlations are quite low (ranging from 0.05 to 0.30) 

showingg that these are relatively independent. The process factor loadings are high 

(rangingg from 0.74 to 0.92), showing considerable overlap between these factors. We 

wouldd like to point out that these are the correlations between latent variables; the 

correlationss between the observed variables are considerably lower (ranging from 

0.466 to 0.88). Nevertheless, correlations this high could indicate a single process 

factor,, rather then four factors. To investigate this hypothesis, three rivaling models 

weree fitted: (a) the Spearman model (a single general factor model), (b) a four factor 

modell  with a single process factor and three domain factors, and (c) an eight factor 

modell  in which the three domain and four process factors were complemented with a 

generall  factor. The one and four factor models resulted in inferior fit measures: x 

=533,3;; ^ 5 4; /?=0.00 and %2 =72.5; <#^39; p=0.00, respectively. The eight factor 
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modell  did not converge to a solution within the parameter space. These results show 

thatt the four process factors, though highly correlated, are empirically discernible. 

Gender Gender 

Thee multi group analysis for gender (Table 2.4), resulted in the following fit: 

XX =29,63; df^21; p=0A0. This model attains a non-significantp-value, indicating no 

significantt difference between the model and the questionnaire responses of both 

groups.. Sufficiently high values were also found for the alternative descriptive 

goodnesss of fit measures for both groups: GF/=0.96; AGFI=0.96. 

TableTable 2.4 Multivariate test, means, standard deviations, univariate 
significancesignificance and univariate effect sizes for gender 

Maless Females p ES 

Numerical l 
Verbal l 
Spatial l 
Experience e 
Knowl.. Acq. 
Performance e 
Context t 

N N 

mean n 

59.62 2 
54.55 5 
56.18 8 
41.60 0 
41.30 0 
42.37 7 
45.09 9 

SD D 

10.67 7 
10.01 1 
8.86 6 
7.21 1 
6.26 6 
6.60 0 
6.02 2 

132 2 

NOTE:: MULTIVARIATE TEST HOTELLING'S 7"626i=0.52, 

mean n 

48.16 6 
54.27 7 
45.30 0 
36.22 2 
36.75 5 
36.75 5 
38.01 1 

SD D 

11.87 7 
9.83 3 
9.18 8 
6.67 7 
6.57 7 
7.20 0 
7.84 4 

136 6 

P=.00 0 

0.00 0 
0.81 1 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 

1.02 2 
0.03 3 
1.21 1 
0.78 8 
0.71 1 
0.81 1 
1.02 2 

AA significant overall effect on the CASE-Q scales was found (Hotelling's T6, 

26i=0.52;; p=0.00) in favor of the male subjects. Univariate tests for gender per scale 

showedd higher scores for men for all scales other than verbal (p=0.81; ES=0.03). 

DISCUSSION N 

Inn general, the results show favorable results for the CASE-Q. The reliabilities 

off  the scales are high and there is overlap with, non identical but conceptually 

related,, maximal performance measures. Moreover the confirmatory factor analysis 

showedd acceptable fit. 

Consideringg the convergent relations, it should be noted that there are no tests 
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thatt are pure measurements of their intended constructs. This holds for the DAT as 

welll  as for our typical performance measures, which limits the strength of the 

correlationss between scales with similar measurement objectives. Moreover, it needs 

too be pointed out that the DAT is quite limited in terms of measuring the experiential 

andd practical aspects of the triarchie theory. In fact the DAT are measures resembling 

Thurstone'ss conceptualization of intelligence, which further limits convergence with 

thee current Sternberg related measures. 

Examiningg the overlap between the CASE-Q and the DAT scales more closely, 

thee domain facet seems to be better represented in the typical performance 

questionnairee than the process facet. This is logical, as the three domains have a 

largerr conceptual link with the DAT than the four Sternberg related process scales. 

Thee confirmatory factor analysis shows that all seven concepts are present in 

thee questionnaire responses. Therefore, the somewhat lower correlations of the 

processs scales with the maximal performance measures cannot be attributed to an 

imperfectt representation of the concepts. Still, the fact that the processes and 

domainss could be retrieved from the questionnaire responses provides support for 

Sternberg'ss theory. 

Despitee this support at a global level, some details of the factor solution need 

furtherr exploration. The process factor loadings of the verbal structuples are lower 

comparedd to the numerical and spatial structuples. It appears that the processes are 

lesss salient in these items. Further it was already noted that the process factors show 

ratherr high correlations. Fitting rivaling models showed, however, that these 

processess cannot be represented with a single factor, proving that the separation in 

fourr processes is not just possible but crucial. Nevertheless correlations this high are 

nott desirable and from a theoretical point of view puzzling. 

However,, the basis of the problem might be the operationalization of the 

theoryy rather than the theory itself. It is possible that the items do not fully capture 

thee hypothesized processes or at least without sufficient detail. Thus, the distinction 

betweenn the processes as worded in the items may not be clear enough. 

Yet,, another alternative explanation might be that the relatively abstract 

processess are harder to evaluate for subjects than the more concrete domains. The 

presentt study does not offer the opportunity to investigate whether the high 
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correlationss are a question of an erroneous theory, a less than optimal item wording, 

orr related to differing levels of abstractness of the various concepts. This may be an 

interestingg area for further research. 

AA multi group analysis was performed to assess possible gender dependence 

off  the structure of the questionnaire. The structure was found to be similar for both 

maless and females, so it was concluded that the questionnaire describes cognitive 

abilitiess irrespective of gender. However, the assessment of scale mean differences 

betweenn genders showed about one standard deviation difference in favor of the 

maless except for the verbal domain scale. Since all other facet elements imply more 

abstractt thinking, we might conclude that on average males have advantages in 

abstractt thinking. This conclusion has to be drawn with some caution; after all these 

aree self-reports and not objective measures. Yet, the fit  of this model does provide 

additionall  support for Sternberg's theory, for both males and females are described 

byy the same structure of intelligence, irrespective of the large differences between 

thesee groups on almost all mean scale scores. 

Self-reportss have been found an important source of information in various 

contexts.. Typically, personality traits, attitudes, therapy outcomes and quality of life, 

too name a few, are measured by means of self-report questionnaires. The application 

off  self-reports for the measurement of cognitive abilities is however limited; a 

performancee test is the standard measurement procedure for abilities. To avoid 

confusion,, however, we may add that we do not claim that self-report measures of 

intellectuall  abilities can or even should replace the performance test as a diagnostic 

tooll  for individual assessment. This would be a regressive approach to the 

measurementt of intellectual constructs. Several biasing factors may influence the 

self-reportt measurement, including social desirability, self esteem, impression 

management,, and response sets, to name a few. 

Inn this study we sought to draw attention to a priori conceptualization of 

complexx theoretical constructs and to show a way to evaluate modern theories of 

intelligence.. It appears that the use of a facet design and typical performance 

measurementt provides opportunities to construct abilities questionnaires, theory 

driven,, rather than data driven, or driven by the tasks at hand. This is even more 

stronglyy exemplified with the confirmation of the facet design, since the fit of such a 
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model,, consequently implies support for the underlying theory. Therefore the fit of 

thee model in this study implies confirmative support for Sternberg's triarchie theory. 

Evenn though the research was successful in largely operationalizing 

Sternberg'ss theory, we have to note that certain details merit further investigation and 

improvement.. Especially, as mentioned above, the high correlations between the 

processs factors should be addressed. Other limitations can be found in the 

convergent-discriminantt relations pattern and the factor loadings of the verbal 

structuples.. It should further be noted that the study does not test the most recent 

versionn of Sternberg's theory. Since the present study was carried out, Sternberg has 

furtherr developed his theory. 

Thee primary objective of this study was to demonstrate how a psychological 

theoryy may be tested as a whole. In other words, in this study measurement was not 

thee goal, but an essential means to perform fundamental scientific research. The 

currentt study does not invalidate other conceptualizations of intelligence, because it 

iss not a comparative study. Therefore, the successful operationalization of the 

triarchiee theory does not have to discourage others to undertake similar endeavors 

withh rivaling theories. On the contrary, we hope that the current study inspires others 

too undertake similar efforts. 
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