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Supplementary Materials 2. The theoretic framework of the model 

Scientific investigation is often aimed on generation and description of a low dimensional simple form that is, 

however, an accurate representation of the structure of numerous empirically obtained variables. The most preferable 

shapes are just two- or three-dimensional ones because they can be visualized. Furthermore, these shapes must remain 

simple forms, the examples of such three-dimensional shapes are cubes or spheres or ellipses. 

The structure of variables is usually revealed by the analysis of the pattern of correlations among them. In a 

good deal of empirical studies such analysis is limited to factor analysis of a matrix of pairwise coefficients of 

correlation. For, at least, the last eight decades the factor-analytic approach has become the most influential method 

for generating low dimensional representations of individual trait variables. This is a variable-reduction procedure in 

which many variables are organized by a few factors that summarize the interrelations among them. 

When this most widely used method of reduction of dimensionality was applied to such empirical datasets as 

words-personality descriptors, it revealed five or six factorial dimensions of personality lexicon (i.e., Extraversion, I, 

Agreeableness, II, Conscientiousness, III, Emotional Stability, IV, Intellect, V, and Self-Assurance, VI). However, the 

conventional factor analytic and circumplexical approaches operate with circles thus ignoring possibility of difference 

in length of dimensions of a representation of the structure of individual personality differences. As a result, the 

words-personality descriptors are not evenly distributed along the circumference of each of the circumplexes formed 

by pairing factorial dimensions.  

The most known example is the circumplex of Conscientiousness (III) and Agreeableness (II). The personality 

descriptors are absent at the quarters of circumference combining the opposite poles of these factorial dimensions (i.e., 

III and ii or iii and II) that contrasts with abundance of descriptors at the quarters of circumference combining their 

positive poles (III and II) or their negative poles (iii and ii).  

Moreover, despite the forcing five or six factors into orthogonality by means of rotation, significant inter-

correlations are always found among questionnaire scales constructed for assessment of these five or six factors. These 

inter-correlations were found not only between 5 or 6 scales for assessment of personality, but also between 5 or 6 

scales for assessment of sleep-wake abilities that were constructed on the factor-analytic results yielded five or six 

orthogonal factors.  

Therefore, when a researcher performs factor analysis of a long set of personality descriptors, the reality might 

be confused with the appearance of five or six orthogonal factors. The researcher can interpret this factor-analytic 

result as revealing a five- or six-dimensional reality. However, the real dimensionality might be much simpler. 

Particularly, the significant correlations among five or six scales indicate that the dimensionality of the model of 

personality structure can be reduced. 

Putilov (2016, 2018) addressed an issue of uncovering the true shape (topology) of a multi-dimensional 

structure of the differences between individuals by proposing a structural model of personality and sleep-wake 

adaptability. He proposed a way of replacement of a six-factor representation of individual differences by a more 

realistic representation with only three spatial (underlying) dimensions.  

In geometric terms, this shape is a triaxial ellipsoid (i.e., an ellipsoid with three inequal axes). For simplicity, 

such a shape was named “rugby cake” that is one of well-known culinary molds. Evidence for provided for the 

possibility to map numerous personality-relevant words on the surface of triaxial ellipsoid and to combine narrow 



personality traits into six broad personality traits. These words are evenly distributed over the surface of the rugby 

cake thus solving the problem of gaps between words that appear to be inescapable in the circumplexical 

representations of personality lexicon. Since the axis of this 3-D structure are inequal in length, the model predicts 

significant correlations among six scales developed to assess these six broad personality traits.  

In a similar way, the model explains the correlations among six scales developed on the result of factor 

analysis for assessment of sleep-wake ability. 

Thus, compared to the traditional 5-6 factorial representations of individual variation, the rugby cake 

representation seems to be a more realistic, universal, elegant, parsimonious and insightful. There is one very 

important deduction which follows from the geometry of the rugby cake model. It predicts the pattern of pairwise 

correlation coefficients among 6 scales. Each pairwise correlation coefficient is proportional to the distance between 

this pair of scales at the surface of rugby cake shape. The shorter the distance, the stronger the correlation coefficient. 

Since the center of scale can be shifted relative to the center predicted by the model, the correlation coefficient can 

deviate from the predicted coefficient.  

However, it is also expected that such deviations can be averaged out by calculation of mean correlation 

coefficient for all pairs of scales divided by the same distance. Therefore, it can be predicted that mean correlation 

coefficient among scales divided by a shorter distance is stronger than mean correlation coefficient among scales 

divided by a longer distance. Such a prediction suggests a way of testing whether the empirically derived structure of a 

six-scale questionnaire corresponds to the structure predicted by the model. If the structure of a given questionnaire 

corresponds to the structure predicted by the model, 1) the averaged coefficient among the scales located on 

intermediate distances is significantly weaker than that among the scales on shorter distances, 2) the averaged 

coefficient among the scales located on intermediate distances is significantly stronger than that among the scales on 

longer distances, and 3) the averaged coefficients among the scales located on longer distances is significantly weaker 

than that among the scales on shorter distances. Significance of these three differences indicates that all three 

dimensions of the structural representation of individual variation assessed with this questionnaire are inequal in 

length and that this structural representation can be visualized as the rugby cake shape. 
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Supplementary Materials 3. Legends to Supplementary Figures and Supplementary Figures 

Figure S1. Correlation coefficients among personality scales divided by different distances. 

(A) and (B): Distances between personality scales of the RCIP and HEXACO, respectively, and comparison of 

correlation coefficients among scales divided by these distances. (A) In the upper part, correlation coefficients (ρ) are 

shown separately for the 1st and 2nd studies (adjective and noun version of the RCIP, respectively) on the front side 2-

D slice shown in Figure 2A. In the lower part, mean for two versions correlation coefficients is shown. (B) In the 

upper part, correlation coefficients (ρ) are shown for 100 studies on the front side 2-D slice shown in Figure 2A. In the 

lower part, the results of averaging of coefficients are shown separately for two sets of 50 studies. The correlation 

coefficients among scales divided by shorter, intermediate and longer distances (along Y-,  Z- and X-axis, 

respectively) were averaged and their strengths were compared to demonstrate that the shorter the distance between 

scales, the stronger the correlation coefficient among these scales. 

Figure S2. Correlation coefficients among the sleep-wake ability scales divided by different distances. 

In the upper part, correlation coefficients (ρ) are shown separately for the SWAT’s and SWPAQ’s scales on the front 

side 2-D slice shown in Figure 2B. The correlation coefficients (ρ) between scores on the SWAT’s and SWPAQ’s 

scales-counterparts are inserted between these scales’ names. In the lower part, averaged values for two questionnaires 

correlation coefficients are shown.  
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