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Cognitive and Personality Predictors of School Performance
from Preschool to Secondary School: An Overarching Model
Abstract
In this article, existing research investigating how school performance relates to
cognitive, self-awareness, language, and personality processes is reviewed. We outline the
architecture of the mind, involving a general factor, g, that underlies distinct mental processes
(i.e., executive, reasoning, language, cognizance, and personality processes). From preschool
to adolescence, g shifts from executive to reasoning and cognizance processes; personality
also changes, consolidating in adolescence. There are three major trends in the existing
literature: 1) All processes are highly predictive of school achievement if measured alone,
each accounting for ~20% of its variance; 2) When measured together, cognitive processes
(executive functions and representational awareness in preschool and fluid intelligence after
late primary school) dominate as predictors (over ~50%), drastically absorbing self-concepts
and personality dispositions that drop to ~3-5%; and 3) Predictive power changes according
to the processes forming g at successive levels: attention control and representational
awareness in preschool (~85%); fluid intelligence, language, and working memory in primary
school (~53%); fluid intelligence, language, self-evaluation, and school-specific self-concepts
in secondary school (~70%). Stability and plasticity of personality emerge as predictors in
secondary school. A theory of educational priorities is proposed, arguing that (a) executive
and awareness processes; (b) information management; and (c) reasoning, self-evaluation,
and flexibility in knowledge building must dominate in preschool, primary, and secondary

school, respectively.

Keywords: Cognitive development, developmental priority, general intelligence,
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Cognitive and Personality Predictors of School Performance
from Preschool to Secondary School: An Overarching Model

General Postulates about Mental Architecture and Development

How does school performance relate to cognition, self-awareness, language,
and personality? The current study defines ‘cognition’ as executive functions (e.g.,
attention control and working memory), and ‘reasoning’ as inductive, analogical, and
deductive reasoning and problem-solving skills across domains such as mathematics
and science, including spatial relation. ‘Awareness’ involves mental states and
processes, and their self-concepts, while ‘language’ includes vocabulary, syntax, and
semantics. Finally, ‘personality’ involves dispositions in relating to the world,
including sociability, self-management, emotional sensitivity, and dealing with
novelty. We ground this article in three principles, originating from the psychology of

individual differences, cognitive science, and developmental psychology.

A key principle assumed by individual differences is that general intelligence,
or g, is empirically powerful and relates to all cognitive processes (Carroll, 1993;
Jensen, 1998; Spearman, 1927), as well as important life outcomes, such as school
learning and occupational success (Gottfredson, 2002). The principle derived from
cognitive science assumes that g involves several cognitive processes that serve
specialized needs in understanding, learning, and problem-solving. g reflects (a)
efficiency in using cognitive processes; (b) their interdependence, implying a
common core (Haier, 2017; Jensen, 1998, 2006) or orchestrated interactions between
them for the purpose of understanding and problem-solving (Kovacs & Conway,

2019; van der Maas et al., 2006, 2017); and (c) systematic differences between



individuals and their use of cognitive processes. The term cognitive ability is often
used interchangeably with g to indicate where individuals stand relative to one
another concerning points (a) and (b). The principle derived from developmental
psychology assumes that g is not fixed; its nature changes with development.
Extensive recent research shows that, at different age periods, g is differentially
related to individual cognitive processes such as attention, working memory, and
reasoning (Demetriou et al., 2013, 2017, 2019b, 2021, 2022). Changes in g with
development explain why the standing of many individuals relative to their agemates

changes throughout the years (Deary, 2014; Yu et al., 2018).

Therefore, the central message of this paper should interest educators: with
development, cognitive and personality processes improve for all persons, and it may
also improve the possibilities of individuals relative to the accomplishments of others.
Here, we show how the profile of cognitive and personality processes predicting
school performance changes with age, implying that school learning draws on
different combinations of processes at different phases. We also highlight cognitive
and personality profiles that are more likely than other profiles to enable individuals
to improve their standing relative to others as they develop. Education and family
must systematically support age-appropriate priorities in cognitive and personality
development, which are conducive to the attainment of learning goals for each school
year and better prepare for the years following. It is important to remove
developmental drawbacks when meeting these priorities in a timely way, to avoid a

build-up of developmental lags that may hinder later learning.

Cognitive and personality processes relate to school performance.
Psychometric g factor accounts for the majority, although the amount of school

performance variance accounted for varies extensively across studies, ranging



between ~20-50% (Gustafsson & Balke, 1993; Kaufman et al., 2012; Roth et al.,
2015). Aspects of self-awareness, such as self-evaluation (Mabe & West, 1982) and
self-concept, are also related (e.g., Guay et al., 2003; Johannesson, 2017; Orth &
Robins, 2022). However, the strength of these relations also varies enormously across
studies (correlations varying from r = 0 - .8). Self-efficacy beliefs (Bandura, 1997)
that reflect one’s stance on capability and motivation to succeed (Zimmerman, 2000)
were found to account for ~15% of the variance (Multon et al., 1991). Finally, aspects
of personality, such as being goal-oriented and organized (i.e., conscientious), or open
and flexible in dealing with new experiences, were found to account for ~5% of

academic performance variance, but again results vary across studies (Poropat, 2009).

Although useful, existing findings are limited in several respects. First,
cognitive measures differ across studies. Many studies extract g from reasoning
processes used in different problem-solving domains, such as inductive, analogical,
mathematical, and spatial reasoning, but they do not include measures of processing
and representational efficiency (e.g., Gustafsson & Balke, 1993); others also include
these later processes (e.g., Rindermann & Neubauer, 2001). Often, the definition of g
and its ensuing technical identification varies from study to study. Therefore, the very
nature of g is variable. These differences may explain the large disparity in the
opinion of g’s influence. Also, the relationship between academic performance and
cognitive or personality processes may be confounded due to their often overlapping.
For instance, self-concepts mirror cognitive ability, at degrees varying with age
(Demetriou & Kazi, 2001; Demetriou et al., 2018a, 2018b, 2019b). Finally, self-
concepts, self-evaluations, and self-efficacy beliefs reflect a common stance toward
self-presentation and self-evaluation, and are also transformed with growth (Anusic et

al., 2009; Demetriou et al., 2018b). Therefore, if the relationship between these



processes is not disentangled, the uncontaminated relation of each with academic

performance cannot be specified.

Second, developmental changes in cognitive and personality profiles
(Demetriou & Spanoudis, 2018; Demetriou et al., 2017) bear important implications
for educational priorities associated with successive levels of education. Three periods
of development are known to differ cognitively—early childhood (2-6 years), middle
childhood (7-11 years), and adolescence (12-18 years)—which corresponds to three
levels of education: preschool, primary, and secondary education, respectively. These
levels place different demands and priorities on learning, which may not align with
developmental priorities. It is important to disentangle the various cognitive, self-
awareness, and personality constructs from each other if the precise relation of each

with school performance at each level of education is to be specified.

Divided into three sections, this paper first outlines the architecture and
development of the human mind and personality. Second, we summarize studies
exploring the relations of mental and personality processes with school performance.
Third, an outline of general theory integrating cognitive, developmental, personality,

and educational considerations into a comprehensive framework is offered.

Three key ideas are discussed:

1. How the relationship between cognitive processes changes with growth,
altering developmental priorities into different cognitive processes in the
formation of general cognitive ability.

2. Changes in developmental priorities in the formation of general cognitive
ability, and how personality dispositions alter the cognitive and the personality

basis for learning at school.



3. The need for an educational evaluation to capture mental priorities and
personality profiles at each school grade, and how learning priorities and

methods in the curriculum must be adapted accordingly.

The Architecture of the Human Mind

Architecture of Cognition

The human mind encompasses mental processes that carry out different tasks
to facilitate understanding and problem-solving (e.g., Carroll, 1993; Demetriou &
Spanoudis, 2018; Demetriou et al., 2018a; 2018b; Hunt, 2011). We can define these

mental processes as follows (see Fig. 1A):

1. Specialized problem-solving domains (see Fig. 1A) interface the mind with
different types of relations in the environment, such as categorical (Gca,; e.g., Is A like
B?), quantitative (Gqu; e.g., Is B larger than A?), causal (Gcs; e.g., Did A cause B?),
spatial (Gsp; e.g., Where is A relative to B?), or social (Gso; e.g., What does A think
about B?). Domains are activated by the organization of information in the
environment (e.g., colors, sounds, or shapes raise questions of class relations;
interacting objects raise questions about causal relations; size differences raise
questions of quantitative relations, etc.). Thus, domains bias the initial representations
of the problem space, framing an initial set of attentional and inferential constraints on

processing.

2. Executive functions (Ge, see Fig. 1A) enable one to focus attention on
stimuli or representations, inhibit attention or responses to irrelevant stimuli or
representations, systematically switch between them (Diamond, 2013: Zelazo, 2015),

maintain information in (working) memory when not currently perceptually present,



and select actions as appropriate (Baddeley, 2012; Cowan, 2016; Jewsbury et al.,

2016).

3. A foundational relational integration meaning-making core mechanism
underlying all processes (g; see Fig. 1A). This mechanism—henceforth AACog—
draws on (a) Alignment; (b) Abstraction, and (c) cognizance processes (Demetriou et
al., 2013, 2018b), which enable a systematic search and comparison of information
for the sake of relational integration at different levels—from perception to reasoning.
For instance, in a recent study, participants searched a matrix of three-digit number
sets to identify those ending with the same (or a different) number. Number sets were
systematically searched and aligned with the rule represented, and set-rule relations
were abstracted based on the last digit of each set (ignoring the other digits in the set),
thus identifying (cognizing) sets consistent with the rule (Chuderski, 2014; Jastrzgbski
et al., 2020). At a higher level, representations (e.g., apple, cherry, fruit) could be
searched and aligned along several properties (e.g., taste, smell) until a common
property was identified and abstracted as the critical link (e.g., they are all sweet)
amidst many differences. AACog generates meaning by (a) mapping perceived or
conceived relations with criterion relations in memory (Hannon & Daneman, 2014);
(b) identifying invariant characteristics across stimuli or representations (Burgoon et
al., 2013), discriminating elements to be excluded (Reed, 2016); and (c) recognizing
that the same representation may represent distinct elements if they meet the rule

requirement implemented (Gilead et al., 2020).

4. Various forms of inference, such as inductive, analogical, and deductive reasoning
(see Fig. 1A), capitalize on experience or formal learning. This is done to crystalize
the operation and the products of the AACog mechanism into rules governing

differing forms of information integration, including reduction, generalization, filling



in missing information, or evaluation of consistency or truth. Fundamentally,
inductive, analogical, and deductive reasoning constrain how relations may be
searched, abstracted, and evaluated by the AACog mechanism. Therefore, reasoning
involves processes and standards for exploring possible relations between states of the
world and their representations, and evaluating the truth and validity of inferences
(Johnson-Laird & Khemlani, 2013; Moshman, 2011; Piaget, 1970). After an initial
representation of the problem space, problem-solving draws on reasoning processes to
build strategies and algorithms that deal with the specificities of relations in each
domain; for instance, varying one thing at a time enables to specify causal relations;
mental rotation enables exploring spatial relations; counting or arithmetic operations

enable one to specify quantitative relations.

5. Cognizance (see Fig. 1A) is part of consciousness that allows for (a)
awareness of mental content and processes (Dehaene, 2014; Demetriou et al., 2018b;
Seth, 2022); and (b) ascription of intrinsic values to experience optimizing choices of
actions (Cleeremans & Tallon-Baudry, 2021; Demetriou et al., 2022). Cognizance
processes relations between perceptual and mental states, or between mental states,
within or across individuals both online and retroactively; they gear on an automatic
mechanism to allow for re-enactment and re-processing of past experiences for better
current or future action or understanding (Demetriou et al., 2018b). The following
processes are manifestations of cognizance: (a) metacognition (Efklides, 2008;
Flavell, 1979), Theory of Mind (Wellman, 2014), and central themes of
developmental research; (b) self-concepts and self-evaluations (Harter, 2012;
Vallacher, 2002), and central themes in clinical and social research; (c) self-efficacy
beliefs (Bandura, 1997; Ehrlinger et al., 2016; Sedikides & Strube, 1997), self-esteem

(Bosson & Swann, Jr., 2009; Orth & Robins, 2022), and self-regulation, (Demetriou



& Kazi, 2006; Zimmerman & Schunk, 2001), as well as central themes in social and

educational research.



Figure 1A

The General Architecture of the Human Mind
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The Development of the AACog Mechanism Across Developmental Cycles
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Note: 1. Perceptual search space: alignment of perceptual properties; abstraction based on perceptual
similarity or statistical regularities; expectations based on perceptual or episodic relations: (A and B) >
(A then B) or (if not A then B). Awareness of episodic sequences. 2. Representational search space:
Alignment of representations. Abstractions of perception-representation and inter-representational
relations. Awareness of the representational role of perception. Inductive generalizations; deductions

by representational bindings. A and B, if A then B. 3. Conceptual search space: Rule alignment.



Abstraction of relations between representational lines: mental number line, number names. Integrated
deductions: A and B, if not B then not A. 4. Logical search space: Multidimensional alignments.
Multiple reductions: number line, size scales, weigh scales, speed scales, etc. fully integrated
deductions: (A and B), (B, not sure about A); (not A, not sure about B).
Modeling the Mental Architecture
Explaining school performance using fundamental psychological processes

requires agreeing on the measurement and functional status of these processes.
Structural Equation Modeling (SEM) dominated as the method of choice for capturing
dimensions of performance demonstrably related to psychological processes, purified
from measurement error, to specify their organization and inter-relations at various
levels, and test specific predictions about relations with school performance (Bentler
& Wu, 2005; Bollen & Diamantopoulos, 2017; Marcoulides & Schumacker, 2013). In
terms of SEM, a critical model for the present theory would have to satisfy the
following requirements:

First, all processes specified by the theory emerge as distinct factors stated in

Fig. 1B and translated in Fig. 3 into the conventions of SEM.

Second, processes relate variably, sharing components or interacting with each
other. These relations may be specified in various forms. Globally, they may be
specified as a general factor, g, related to all other factors. This model was confirmed
in many studies (e.g., Demetriou et al., 1993, 2002, 2006, 2008, 2020, 2022). The
prototypical model in the literature is the Cattell-Horn-Carroll (CHC) hierarchical
model of intelligence (Schneider & MacGrew, 2018), whereby specific abilities relate
to several broad factors standing for general psychological processes, such as fluid
intelligence standing for reasoning, crystallized intelligence standing for knowledge,

learning and memory, and processing speed, retrieval, acoustic and visual processing,



as well as general speed and decision time. The model basically captures aspects of
executive control (Jewsbury et al., 2016). Broad factors relate to a common factor of

general intelligence: psychometric g.

Lastly, a special assumption of the theory is that self-representation and self-
evaluation measures emerging from cognizance reflect the cognitive processes they
relate to. In development, these measures involve factors mirroring cognitive
performance factors with increasing accuracy (e.g., Demetriou & Efklides, 1989;
Demetriou, Efklides, & Platsidou, 1993; Demetriou & Kazi, 2001, 2006). This
assumption yields a seemingly paradoxical prediction about school performance. With
increasing accuracy in reflecting actual cognitive performance, self-representations
and self-evaluations become increasingly redundant to cognitive performance as

predictors of outcome variables.

What Do Factors Stand For?

It is important to agree on what higher-order factors represent. These factors
are criticized as remote from performance; bereft of psychological identity causally
affecting actual performance (Bollen & Diamantopoulos, 2017; Eid et al., 2017).
Hence, higher-order factors, especially psychometric g, are considered composites or
indexes of interactions between the processes related to them; they are not accepted as
representatives of psychological mechanisms distinctly owned by them but shared by

other processes (Conway & Kovacs, 2018; van der Maas et al., 2006, 2017).

The present theory takes a middle ground. On one hand, it postulates that
AACog is a fundamental psychological mechanism in g. This mechanism operates as
a unit sustaining stimulus search and identification in attention control, allowing

inhibition when encountering inconsistent stimuli; it channels switching between



search trials when the focus changes; it guides search, organization, and the update of
stimuli in working memory; it monitors feedback from ongoing actions needed to
evaluate choices and processes in cognizance; finally, it transfers identified relations
across representations in inference. On the other, the theory also assumes that this
mechanism is embedded into increasingly expanding rules and mechanisms enabling
relational integration and meaning-making in different domains. Together, these
assumptions suggest several patterns of relations between factors. Minimally,
fundamental processes in AACog, such as relational integration, would saturate a
higher-order g abstracted from reasoning tasks and would account for the relations
between this factor and executive factors, such as attention control and working

memory.

To test this assumption, we modeled the data of several studies that measured
relational integration, attention control, working memory, and fluid intelligence. In
one study, there was a factor for each of the following processes: attention control,
short-term memory, complex working memory span, n-back working memory,
reasoning (two tests of analogical reasoning and the Raven test), and relational
integration (identifying patterns of digits or letters implementing a rule, among many
other patterns) (Chuderski, 2014). In the critical model, relational integration was
taken as the mediator. Attention control and the three working memory factors were
regressed on relational integration. Reasoning (Gf) was regressed on relational
integration and the residuals of the attention control and working memory factors. The
effect of relational integration on all four executive factors (B >.6) and Gf (B =.77)
was very high. Notably, none of the effects of the residuals of the four executive
factors on Gf was significant (all p < .08). Therefore, relational integration fully

absorbed the relations between attention control and working memory on the one



hand, and reasoning on the other. For comparative purposes, this model was re-tested
using attention control or working memory factors as the mediator. In these models,
the relations between the residuals of the remaining factors and Gf were significant (B
=.2-.6), implying a variance in Gf that is not captured by attention control or working
memory but is captured by relational integration, thus rendering relational integration
as g’s core mechanism. Noticeably, another component process in AACog—
discrimination between sensory stimuli—was found to completely saturate the

relations between attention control, working memory, and Gf (Meyer et al., 2010).

In several studies, reference factors related to g abstracted from several
specific problem-solving factors were regressed on attention control, switching,
working memory, cognizance, and reasoning. All relations were significant, ranging
between [ = .3-.5. Attention control (27%), switching (18%), working memory
(27%), cognizance (7%), and inference (19%) accounted for significant amounts of
the variance of g, amounting to 98%. This is an unusually high figure, implying that
each of these processes individually contributes to the implementation of AACog
processes in problem-solving across domains. The relative effect of these factors
changes with age: attention control increases from 4 to 8 years, and it decreases
systematically thereafter; working memory culminates from 9 to 12 years; reasoning
and cognizance are low initially and increase from late childhood through adolescence

(Demetriou et al., 2018c; Makris et al., 2017).

Integrating over this research, g is defined as a function of executive

processes, fluid reasoning, and cognizance as specified in Equation 1:

g =f (Ge, Gf, Gcogn) - age

1)



where g, Ge, Gf, and Gcogn stand for general intelligence, executive functions, fluid
intelligence, and cognizance, respectively. Thus, g is a complex function of Ge, Gf,
and Gcogn, and precise values change with age. For parsimony, the notation system
of psychometric theory is used, where g denotes general intelligence and G with a

subscript denotes a broad ability specified by the subscript (Carroll, 1993).

Each of the three fundamental constructs above is defined in terms of more

specific processes:

Ge =1 (at, fl, WM) - age

()

where at, fl, and WM stand for attention control, cognitive flexibility, and working

memory, respectively.

Gf =f (RI, Reas;ap) - age

(3)

where Rl and Reas; ap stand for relational integration and reasoning rules underlying
inductive reasoning (Reas)), analogical reasoning (Reasa), and deductive reasoning
(Reasp), respectively. The functioning of the central RI core is differentiated from
mastering the rule sets needed to implement this core in different domains of

reasoning, which may be partly independent of each other.
Gceogn = f (Am, Se, Sc) - age
(4)
where Am, Se, and S¢ stand for awareness of mental processes, self-evaluation, and

self-concept (including various forms of self-representation expressed in self-esteem

and self-efficacy beliefs), respectively.



Development of Cognition

The operation of g generates the fundamental building blocks of Language of
Thought (LoT; Fodor, 1975; Schneider & Katz, 2011), weaving perceptual
experiences into representations integrated by various forms of reasoning. Relational
integration and cognizance are applied to increasingly differentiated hierarchies of
representations and use increasingly precise rule hierarchies. Searching for the
relationship between any two entities or events (A R B) may take any form depending
upon the domain involved or imposed by the thinker, such as quantitative (A Rqu B:
larger than, more than, etc.), categorical (A Rca B: similar to, belongs to), spatial (A
Rsp B; above, left to, in), causal (A Res B; A caused B), social (A Rso B; What does A
see, think, believe, about B?), and linguistic (A Rve B patterns of sound mapped onto
the identity of objects and their relations) (R stands for relational integration and the
subscripts qu, ca, cs, so, and ve stand for its implementation in specific domains of
relations). Organizing recurring and complementary relations and related actions
within domains generates domain-specific knowledge and skills. Organizing patterns
of relations across domains generates different types of reasoning. Changes in these
patterns and the necessary demands on enablers are reflected in changes in the profile
of g and its relations with executive functions, as outlined below (Demetriou et al.,
2017, 2021; Makris et al., 2017). Figure 1B illustrates how changes in the AACog
mechanism may be embedded in each other with a transition to each next
developmental cycle. Technically speaking, developing command of relations in
different domains is akin to the differentiation of a common LoT into largely
autonomous Languages of Thought expressing the rules and constraints for
representing and processing the relations specific to each domain. Notably, Dehaene

et al. (2022) adopted a similar position, proposing “that humans possess multiple



internal Languages of Thought, akin to computer languages, which encode and

compress structures in various domains (mathematics, music, shape...)” (p. 1).

The cognitive profile of g varies with age, depending on the developmental
priorities of successive phases. Developmental priorities change with the need to
integrate and handle newly emerging representations and rules. Thus, g expands by
integrating increasingly efficient levels of control, such as going from action control
in infancy to representational control in preschool, then from inferential control in
primary school to truth control in adolescence. Several studies explored how specific
processes integrate with g or differentiate from it during development at critical
transition points between phases. These studies demonstrated that, when a process is a
priority for efficient functioning in a phase, this process and g increasingly integrate
until the first becomes part of the second. At a point of integration, ensuring that the
functional priorities of g have been met, any further improvement of this process is
independent of changes in g, as g shifts to other processes important for its
functioning, given the need for handling the mental content produced so far.
Noticeably, decreasing correlations between processes with development do not
necessarily imply that the processes tend to dissociate. This finding may well suggest
that one process, such as speed in executing arithmetic operations (a specific mental
process), automates and permanently integrates with general processes, such as
quantitative reasoning: the first reaches a ceiling, while the others continue
developing. Decreasing correlations may also suggest an increased dimensionalization
of processes, such as tuning multiplication with different problem types (e.g., natural
numbers vs. decimal numbers) (Demetriou et al., 2013, 2017, 2021, 2022; Kazi et al.,
2019; Makris et al., 2017). For clarity, to signify a specific cognitive developmental

profile, g will henceforth be denoted with a cycle-specific subscript standing for a



particular developmental cycle: i.e., gr for the cycle dominated by representations and
their control, gic for the cycle dominated by inference and its control, and gic for the

cycle dominated by logical truth and cohesion control.

Although infancy is beyond our concern, it is noted that understanding in
infancy is episodic: it depends on active interactions with persons and objects.
Regularities in perceptual or activity patterns are abstracted by Bayesian inference
rules that capture the frequency and distribution of events in the environment
(Piantadosi et al., 2016). Also, 12-month-old infants reason deductively as an episode
unfolds. For instance, they may infer the identity of a partially occluded object B
because they know that it is not object A, implying disjunctive reasoning (Cesana-
Arlotti et al., 2018). Self-awareness and cognizance emerge throughout infancy,
including awareness of others’ perceptions (Rakoczy, 2022), their own body and face
(Gallup, 1982; Povinelli. 2001), and executive sequences where past actions are
intertwined with perceptions and current actions. Episodic control is the major

priority in infancy, enabling infants to interact with objects and persons.

The proliferation of mental representations in preschool renders the necessity
for attentional control. Mental functioning prioritizes ‘representation-object-action’
relations to enable the representational mind emerging in this period; to direct action
toward objects according to represented goals. Such functioning creates abstract
patterns across representations, enabling one to draw inferences based on the flow of
events, and makes pragmatic deals implying an understanding of mutual constraints
between representations. Hence, attention control and representational awareness
dominate in grc from 3 to 7 years, because they enable children to focus on
representations of interest and organize action accordingly. These processes are

important for goal identification and selection emerging in this phase, self-directed



action (Frick et al., 2022), and for mastering symbol systems in high demand (e.g.,
language). When mastered, these processes enable more complex cognitive tasks,
such as planning and engagement, in ongoing verbal interactions (Demetriou et al.,

2017, 2021; Makris et al., 2017).

When attention control and representational awareness are established,
priorities change in middle childhood—from 7 to 11 years. Relations between
representations must be worked out and explicitly represented. Hence, priorities are
redirected from linking representations with the environment and controlling activities
to relations between the representations themselves, resulting in a transition to gic.
Connecting specific instances with extant concepts and interrelating concepts
according to semantic, procedural, or functional constraints becomes important. In
line with these priorities, inductive reasoning, some aspects of deductive reasoning
implying grasping the bi-conditional integration of modus ponens and modus tollens
reasoning, awareness of inferential processes, and working memory dominate in g

from 7 to 11 years old (Demetriou et al., 2017, 2021; Makris et al., 2017).

In adolescence, between 12 to 18 years, relational integration, and awareness
shift to relations between rules. Consequently, awareness of the constraints implied by
relations directs the search to the principles that underlie rules, thus setting criteria for
truth and consistency. Therefore, deductive reasoning and other advanced forms of
reasoning, enabling resistance to logical fallacies, awareness of logical constraints,
and precise cognitive self-representation and self-evaluation dominate in the
formation of gic in this period (Demetriou et al., 2021; Kazi et al., 2019; Makris et al.,

2017).



Gradually, with abstraction and concatenation, rules are integrated into
increasingly complex forms of inference and problem-solving. For instance,
analogical reasoning deals with increasingly abstract relations, going from perceptual
relations (e.g., feet are for animals what wings are for birds) to abstract metaphorical
relations (e.g., bright individuals fly). In deductive reasoning, with development,
children understand that an implication relation (if A then B) allows one to infer B
from A and not A from not B, but it does not allow one to infer A from B or B from not
A because there may be an infinite number of other elements causing B (Demetriou et
al., 2018b, 2021). In causal reasoning, initial causal attributions based on spatial and
time interactions yield a template model of causal relations first allowing trial and
error control of possible causal factors, and, finally, the ‘vary one factor at a time’
isolation of variables strategy. In quantitative reasoning, recognition of the numerosity
of small sets gradually expands into a mental number that can be traversed both ways,
allowing numerical comparisons, numerical operations, and algebraic reasoning. In
spatial reasoning, initial perceptual relations in space (e.g., close-far, up-down, and
top-under) yield templates for mental transformations, such as mental rotation or

interchanging perspectives, on an increasing number of inter-connected dimensions.

The likelihood of transition across the three levels of g (grc, gic, and gic)
decreases in the general population (Demetriou & Spanoudis, 2017). Transitions
depend on several factors: (a) precision and resolution of representations; (b)
flexibility in aligning and precisely interrelating representations to accurately
understand situations, enabling successful action; (c) generation of new
representations reproducing old representations and predictively broadening the scope
of understanding for future encounters; new representations are explicitly meta

represented and symbolized (conventionally or idiosyncratically) so that they may



substitute the older representations. The transition may be handicapped by
deficiencies in any of these factors. If representations are imprecise, relations between
them may not be inducible, for instance, deficiencies in sound perception may cause
difficulties in mastering language or related skills like reading (Franceschini et al.,
2012), at the grc to gic transition. Deficiencies in self-directed attention may cause
difficulties in aligning representations according to a goal, undermining the
abstraction of relations. Deficiencies in awareness and production of representations
may handicap attention-guided alignment and rule induction related to the gic to gic
transition (Demetriou et al., 2021; Spanoudis & Demetriou, 2020). These deficiencies
may relate to genetic, brain, and social factors, which are beyond the present

concerns.

Architecture of Personality

Learning at school relates to personality and motivational processes, in
addition to cognitive processes. Any theory aspiring to predict school performance
must include provisions about these processes and their interaction with cognitive
processes. The Big Five factors model, currently dominant in personality research,
describes individual personality profiles using five factors (MacCrae & Costa, 1999):
Agreeableness, i.e., altruistic, helpful, trusting, and warm; conscientiousness, i.e.,
goal-minded, focused, organized, and determined; neuroticism, i.e., disturbed by
variations in the environment, anxious, and moody; extraversion, i.e., sociable,
talkative, and outgoing; openness to experience, i.e., being open to novelty and

intellectual challenges.

Personality is also organized hierarchically. Three factors—agreeableness,

conscientiousness, and neuroticism—express stability (the alpha factor) and



efficiency in organizing one’s own life, and one’s resilience in dealing with pressure.
The two remaining factors—extraversion and openness—express plasticity, the beta
factor: they define flexibility in one’s relation with the world (Ashton et al., 2009). In
turn, these factors relate to a higher-order factor—the General Factor of Personality
(GFP)—that “predicts social efficiency in the way g predicts cognitive efficiency”
(Rushton & Irwing, 2009, p. 564). GFP, like g, relates to actual life indicators, such as
performance at school and work (e.g., van der Linden et al., 2010), and is defined as

follows:

GFP =1 (aacnN, Peo) - age ®)

where o (the alpha factor) and B (the beta factor) stand for stability and plasticity,
respectively. A, C, N, E, and O stand for agreeableness, conscientiousness,

neuroticism, extroversion, and openness, respectively.

Notably, any study into personality draws extensively on self-reports or
parents’ reports about traits and dispositions, rather than on measures of actual
behaviors or processes per se. This is in contrast with the study of cognition, which is
dominated by performance measures evaluated according to criteria of adequacy or
relevance. Therefore, cognitive measures stand for functional possibilities in
reasoning and problem-solving; personality measures stand for self-representations
about possibilities or for tendencies framing possibilities. Expectedly, personality
measures should be weaker as predictors of real-life outcomes than cognitive

measures (Back & Nestler, 2016).

Development of Personality

The difference between the functional status of cognitive measures as indices

of competence, and the measures of personality as indices of representations about



competence, also bear developmental implications. Specifically, developmental trends
in the expansion of personality may reflect changes in the monitoring and/or
representation accuracy of the respondent, rather than changes in personality
processes or dispositions as such. For instance, likeability decreases with growth
because self-monitoring and self-evaluation improve (Demetriou et al., 2018). This
reservation withstanding, there is a notable difference between changes in cognitive
and personality processes. On the one hand, cognitive changes are extensive,
multidimensional, and readily apparent. On the other, personality changes are less
dramatic. The study of personality development emphasizes stability rather than
change, assuming that precursors of adult personality traits are established in early
childhood. Temperament, which reflects differences between children in reactivity to
external stimuli and the ability for self-regulation, is present since infancy. The
tendency to independently explore the environment (predating openness) and the
tendency to become distressed by variations in the environment (predating
neuroticism) are present early in infancy (Rothbart, 2011). A recent longitudinal study
of the connections between cognition and temperament indicated that an initial
advantage in cognitive ability at 8-9 years is associated with decreasing reactivity and
increasing persistence over 6 years. The increasing cognitive ability from 8 to 10
years was associated with declining reactivity and increasing persistence in this period
(Sesker et al., 2021). This aligns with evidence that changes in conscientiousness
reflect improvements in executive control; for instance, adaptability to changing
environmental contingencies or demands (Fleming et al., 2010, 2016). Changes in
openness reflect improvements in g (Demetriou et al., 2018c; Gignac et al., 2020).
However, although discernible in early childhood, four of the Big Five factors do

change with age: openness, conscientiousness, and agreeableness increase, while



neuroticism decreases; extroversion does not change (Soto et al., 2011). Their
reliability and stability also increase with age (Asendorpf et al., 2003; Lamb et al.,

2002), reflecting cognizance development (Demetriou et al., 2018c¢).

Eysenck and Eysenck’s (1969) theory includes another personality factor:
likeability or lying, which relates strongly to cognitive development. This factor
reflects self-characterizations that tend to be positive, in line with social expectations.
Recent evidence suggests that likeability operates as a powerful personality index,
varying negatively with cognitive development: it decreases systematically from
childhood onwards, with development in all cognitive processes and the accuracy of
self-evaluations of cognitive performance. Longitudinal evidence revealed that a
decrease in likeability in late childhood increases the likelihood of transition to
principle-based reasoning; inversely, a change from rule- to principle-based reasoning
increases the likelihood that likeability shall drop soon (Demetriou et al., 2018c).
Changes in self-monitoring and self-regulation are associated with the transition from
rule- to principle-based thought-tuning cognitive functioning with self-presentations,
rendering them more accurate reflections of each other. In terms of the present theory,
changes in likeability reflect changes in cognizance processes. The changes reflect
increases in the accuracy of self-monitoring, the self-recording of cognitive and
emotional functioning, as well as behavior and concomitant changes in the accuracy
of self-concepts held about them. It was noted above that self-monitoring develops
from noting associations between perceptual functioning and mental states reflected in
Theory of Mind at 4-6 years to noting associations between mental processes as such
and underlying rules, as reflected in inferential and working memory awareness in
late childhood and logical rules awareness in adolescence (Demetriou et al., 2021;

Kazi et al., 2019). These changes enable more accurate and differentiated self-



representations and self-evaluations. However, some people may remain consistently
unaware of their cognitive and learning weaknesses (Kleitman et al., 2019). This
places them at a disadvantage at school, compared with individuals of the same

cognitive competence (Ohtani & Hisasaka, 2018).

Overall Architecture and Development and Educational Outcomes

Cognition and personality are distinct but interacting. There is a consensus that
g is related moderately but significantly with conscientiousness and openness (r = ~.2)
(Schermer & Vernon, 2010) but not with the other factors; the relation between g and
the GFP is slightly higher (r = ~.3) (Demetriou et al., 2018c). A Hierarchical
Exploratory Graph Analysis (Golino et al., 2020) of performance on a large array of
reasoning tasks in different domains, cognitive self-concepts and self-evaluation of
performance on cognitive tasks, the Big Five factors, various aspects of emotional
intelligence (Petrides et al., 2007), and academic performance indicated that these
processes were organized in two major systems (Demetriou et al, 2018c): (1) The
knowing mind, grounded on all reasoning domains and academic performance and
thus reflecting overall cognitive competence. Noticeably, the factors standing for
plasticity in personality—openness, and extraversion—are clustered in this system;
and (2) The self-known mind, grounded on self-representations about cognitive,
personality, emotional, and motivational attributes other than those associated with
plasticity reflects what James called the Me-self (Harter, 2012). This model is

summarized in Fig. 2.

Figure 2.



The hierarchical organization of cognitive, cognizance, academic, personality, and
emotional intelligence processes according to Hierarchical Exploratory Graph

Analysis (Demetriou et al., 2018c).
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Representation.

Cognizance is the mediator between cognition and personality. On the one
hand, cognizance monitors and records mental processes, such as attention focusing,
memory retrieval, and inference, and carries them forward to personality functioning.
For instance, the evaluation of the distance between initial goals and the results of
problem-solving may cumulatively strengthen or discourage personality dispositions
to act in a specific fashion. On the other hand, personality dispositions and related
action choices are also recorded by cognizance, with likely long-term influences on
cognitive functioning. For example, systematically avoiding a particular type of social
interaction that is inconsistent with a personality-based preferred mode of interaction
may gradually consolidate a specific mode of problem-solving rather than another.

Some processes in each system are projected into the other system more clearly than



other processes: the cognitive self-concept is projected from cognition to personality,
thus expressed into aspects such as openness, self-efficacy, or growth mindset;
stability, conscientiousness par excellence are projected from personality to cognition,
influencing how exhaustive or organized mental processing may be (Demetriou et al.,

2018¢).

The relations between cognition and personality, and the changes in these
relations across developmental phases, must be explicitly specified if academic
performance is to be accurately predicted from cognitive and personality processes.
First, cognition and personality interact systematically via cognizance mechanisms.
Cognizance translates experiences from cognitive and social interactions with the
world into values of self-worth, confidence, and self-efficacy. Thus, processing,
representational, and inferential efficiency (cognition) are expressed in a person’s
dispositional efficiency in handling their interactions with the world (personality).
These values set the range of variation across personality dimensions, such as each of
the Big Five factors, or broader dimensions, such as stability and plasticity. Therefore,
to the extent that cognitive competence, cognizance, and personality partly mirror
each other, any of them would relate to school performance because they partly reflect

the same reality.

Second, if cognitive competence, cognizance, and personality are measured
together, one of them—cognitive competence (Gf)—would dominate as a predictor of
school performance: with increasing accuracy of cognizance in reflecting Gf, the
predictive value of self-representations would decrease because they duplicate the
competences they reflect; this is partly true for some personality measures, especially
those reflecting cognitive competence, such as openness, which is associated with Gf.

Therefore, purifying cognizance or personality measures from cognitive competence



would render them redundant to cognitive competence as predictors of school
performance. Other aspects of cognizance or personality that provide an added
advantage for school learning, such as accuracy in self-evaluation, consciousness, or
motivation, would provide added value to the prediction of school performance.
Accurate self-evaluation, if compared with less accurate self-evaluation in individuals
of the same competence, may help better capitalize on the available cognitive
competence. Increased consciousness and motivation may help one to better capitalize

on available cognitive competence.

Third, the predictors of academic achievement in each phase are the
developmental priorities of this phase (Demetriou et al., 2021). This is also true for
predicting school performance at the next phase from cognitive attainment in earlier
phases. If a general cognitive ability is a predictor of any life outcome, this must come
from the processes defining it in each phase, because these processes reflect learning
efficiency more than processes already fixed or yet to form. A special note about
cognizance is in order. The processes surfacing to awareness in each phase reflect the
cognitive processes weaved into cognitive ability during each phase: representational
awareness reflecting an understanding of the causal role of representations in
preschool; inferential awareness in primary school, reflecting an understanding of the
causal role of inference; and principle-based constraints of inference in adolescence,
reflecting an understanding of the causal role of reasoning-based transformations of
reality. We shall see that these changes are important for school performance in

successive phases. Therefore, the following developmental predictions may be stated:

1. In preschool, attention control and representational awareness must

dominate as predictors of school performance:



(6)

GAPpreschool = f (grc) = (at, Am)

In primary school, Gf—as captured by inductive reasoning and inferential
awareness—must dominate. Personality measures would not appear as
independent predictors in preschool and primary school because they are
not yet accurate and reliable enough to systematically capture variation in

school performance measures:
GAPprimary = T (Gic) = (IR, Ainf) (7)

In adolescence, Gf—as reflected in both inductive and deductive
reasoning, self-evaluation of cognitive performance, and domain-specific
self-representation—must dominate. In this period, a personality emerges

as a predictor, especially conscientiousness:

GAPsecondary = f (gic, GFP) = (Rp, Se, S¢, C) (8)



The Studies

Rationale and Design

Below, we summarize research exploring the relations between cognitive and
personality processes and school performance; two studies were under review. First,
we summarize and re-analyze five studies that explicitly examined how differences in
the profile of cognitive, cognizance, and personality processes at successive phases
relate to school performance. Second, we also review (in sections titled Other Studies)
independent research which examined the influence of the various processes of
interest at each of the levels of education addressed by each of the five studies re-
analyzed and summarized here. To ensure comparability with the studies above, the
results of the independent studies reviewed were also re-analyzed using the modeling
approach adopted here (whenever possible), based on the information available.
Reviewing these independent studies allows us to examine if findings converge across

researchers.

In line with assumptions, the design and modeling of these studies satisfy two
requirements: processes and educational levels. Specifically, these studies addressed
several processes—cognitive, cognizance, and personality—together with school
performance. Relations were modeled by structural equation models designed to
purify constructs from each other or to capture their interactions. For instance, all
studies modeled the relations between each type of process, such as executive
functions, reasoning, or cognizance, and academic performance both in separate
models for each and in a common model, including all processes involved in a study.
Comparing the relationship of each process with the academic performance shown by

the process-specific model, and with the same relation in the common model,



highlights how each process stands as an independent predictor of academic

performance, if at all.

To purify processes from one another in the common models, a hierarchy of

factors was created, which involved three levels:

1. Domain-specific factors (i.e., attention control, shifting, and working memory
in executive functions; inductive, deductive, mathematical, causal, and spatial
reasoning in reasoning; awareness of cognitive processes, self-representation,

and self-evaluation in cognizance; the Big Five factors of personality.

2. Process-specific factors (i.e., executive (Ge), reasoning (Gf), cognizance

(Geogn), stability, and plasticity, the two higher-order personality factors).
3. g, associated with cognitive processes and personality factors.

In these models, domain-specific factors were regressed on the respective process-
specific factors, and process-specific factors were regressed on g. Academic
performance was regressed on the highest-level factors involved in a model (g, Ge,
Gf, Gcogn, GFP) and, additionally, on the residual factors of the domain- and
process- or trait-specific factors involved. Thus, variance in academic performance
was split between the highest common factor and aspects of the processes not
included in the common factors. Fig. 3 illustrates the overall template model

implemented in all studies.

Figure 3.



Overall template model implemented in all studies. The models used in each study are
cases of this model adjusted to the specifics of each study. The specific models tested

in each study are presented in Supplementary Material.
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Note: This model involves all aspects of the mind: reasoning R, related to Gf, executive functions (EF),
such as attention control, working memory and shifting, related to Ge, self-representation (SR), and
self-evaluation before (SE) related to a general cognizance factor (Gcogn), the Big Five factors of
personality (BF), related to the General Factor of Personality, GFP, and school performance in several
domains (language, mathematics, and science) related to a General Academic Performance Factor
(GAP).

To ensure comparability across studies, these models were tested anew for the present
purposes, although the original models presented in the published studies were close
to the models presented. Table 6 (see ‘Supplementary Materials’) summarizes the
results of all models across all studies. Model codes and background correlation

matrices and sample statistics are also presented in the ‘Supplementary Material’®

section.

For developmental or educational levels, all studies incorporated participants

spanning at least two levels, such as preschool, primary school, and secondary school.



Using appropriate modeling methods involving multiple groups, this sample
composition allows us to specify how relations differ between educational levels, if at
all. Taken together, these manipulations allow us to disentangle the relations between
cognitive and personality processes and school performance, and map possible

changes as a function of educational level.

The studies presented in this paper were not preregistered. However, all were
published and, thus, available to the reader. Correlations, statistics, and model codes
used for the models presented here are shown in the ‘Supplementary Material’

section. The data files, if needed, may be obtained from the first author.

Study 1: From Preschool to Primary School

Demetriou et al. (2020a) aimed to disentangle the influence of each of various
aspects of executive processes, cognizance, and reasoning in preschool on school
performance in primary school. Preschool children (N=57) were tested twice at 4 and
6, and then at 6 and 8 years of age using executive, reasoning, and cognizance
measures and, once, two years later, when they were 8 and 10 years, on school
performance. This study is part of a larger longitudinal study of the development of
cognizance from preschool to late primary school (Kazi et al., 2019). Executive
functions included attention control to manage interference. In one set of items,
children judged if objects varying in similarity (identical, similar, and different) were
the same or different; in another set, children mapped object attributes with acoustic
labels. Working memory tasks required recalling backward sets of words and sets of
number digits including from two to six items. For reasoning (Gf), a Raven-like test
addressed inductive reasoning at three levels of complexity, requiring abstraction of

relations across one, two, and three dimensions, respectively. A set of pragmatic



syllogisms addressed modus ponens, conjunction, and disjunction relations in
deductive reasoning. Cognizance tasks addressed three types of mental awareness:
1. Perceptual awareness requiring understanding that perception is a source of
knowledge and mental states, and that each person’s mental states relate to this
person’s perceptual access to information (Theory of Mind and specifically
designed tasks were used)
2. Inferential awareness requiring understanding that inference creates mental
states to fill in information lacking at a given moment
3. Awareness of cognitive processes involved in the cognitive tasks solved,;
children evaluated the similarity and relative difficulty of several pairs of
inductive, deductive, and awareness tasks.
Two years later, when children reached the third and fifth primary school grade, their
school performance in (native) language and mathematics learning was evaluated by
their teachers. Thus, this study specified how executive functions, reasoning, and
cognizance in preschool relate to school performance in primary school. Three
separate models examined how each type of process relates to school performance.
The model, which examined executive functions involved an attention control and a
working memory factor, both regressed on a general
executive functions factor, Ge. In this model, Ge accounted for 38% (f = .62) and
attention control (inhibition) accounted for 61% (P = .78) of academic performance
variance. Working memory was not involved as it was completely absorbed by the
general factor involved (B = 1.00). In the model examining reasoning, the reasoning
factor (Gf) was associated with two indicators: inductive and deductive reasoning.
Academic performance was regressed on this factor; 77% (B = .88) of its variance

accounted for Gf. The model examining cognizance involved two factors, one



associated with perceptual and inferential awareness and one associated with
awareness of the cognitive processes involved in tasks, which were regressed on a
common cognizance factor, namely Gcogn. Academic performance was regressed on
Gcogn and the residuals of each awareness factor. Gecogn accounted for 29% (B = .54)
and awareness of cognitive processes accounted for 71% (B = .84) of GAP. The factor
standing for perceptual and inferential awareness was not involved as it was fully
absorbed by Gcogn ( = 1.00). In conclusion, in each of the three separate models,
performance attained at the first testing wave on each of the three types of processes
was highly related to school performance, accounting for between 77% (Gf), and
100% (Ge, and Gcogn) of school performance variance (see Table 6, Study 1 column
in ‘Supplementary Material’ for process-specific models).

In the common model, all domain-specific factors of the separate models (i.e.,
Ge from the first model, Gf from the second model, and Gcogn from the third model)
were regressed on a common factor standing for grc., i.e., g dominated by
representations and their control. Academic performance was regressed on g and the

residual of each of the domain-specific factors. This model is illustrated in Fig. 4.



Figure 4.

A comprehensive model involving all Study 1 processes.
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The g factor was very powerful, and highly related to all domain-specific factors (the

g-Gf relation was lower than the rest, f = .52); all others were very high, § > .84). In

this model, g accounted for 56% (B = .75) of academic performance; Gf standing for

reasoning, accounted for 17% (P = .41) and awareness of cognitive processes

accounted for 27% (B = .52) of academic performance variance. The executive

functions were not involved because they were fully absorbed by g (B = 1.00). In

conclusion, in this age phase, gr——identified by executive functions, together with the

residual variance that is specific to reasoning (Gf) and awareness of cognitive

processes—fully accounted for academic performance.

The longitudinal nature of the study allowed us to disentangle influences

coming from an initial state of each process as measured at the first testing wave from




influences coming from change as such from first testing to second testing. For the
sake of this aim, academic performance was regressed on performance attained at the
first testing on each process wave and, also, on change from first to second testing

(see Fig. 5).

Figure 5.

The cascade model of the relations between cognition, cognizance, and academic

performance.

Note: The factors organized vertically stand for actual performance at first testing; the factors
organized horizontally stand for change from first to second testing. Symbols Att, WM, Reas,
AOK, and ACP stand for attention control, working memory, reasoning, awareness of the
perceptual/inferential origins of knowledge, and awareness of cognitive processes,
respectively. MATH and LANG stand for school performance in mathematics and language,

respectively.

Attention is first drawn to the negative relations between first and second
testing across all processes, implying that children performing higher at first testing
improved less at second testing than children performing lower. Under this condition,

attention control at first testing accounted for 12% (3 = .34) of variance in language



and 6% (B = .24) in mathematics; working memory at first testing accounted for 7%
of variance (B =.26) in language and 10% of variance (B = .31) in mathematics;
noticeably, a change in awareness of the perceptual origins of knowledge and mental
states accounted for 82% (B = .90) of variance in language and 73% (3 = .86) in
mathematics. Therefore, in line with expectations, attention control processes and
change in representational awareness of the perceptual origins of knowledge predicted

school performance.

Other studies. Several studies focusing on preschool and early primary school
found similar trends to those reported above. Espy et al. (2004) showed that inhibitory
control was central in mathematical learning in preschool. With entrance to first
grade, working memory became central. Monette et al. (2011) demonstrated that
working memory (25% of variance) and inhibition (6% of variance) in kindergarten
predicted reading/writing and math achievement at the end of first grade. With
various other factors controlled, only working memory contributed uniquely to school
achievement. Later, executive mechanisms enabled focusing and manipulation of
information when learning emerged as central. A longitudinal study involving first-
and second-grade children found that updating (46% of variance) but not inhibition
and shifting predicted mathematical learning. Moreover, changes in updating and
mathematical learning were interlocked: working memory and updating facilitated
mathematical learning and this facilitated both executive functions (Van der Ven et al.
2012). Altogether, these studies suggest that mastering executive processes and

representational awareness in preschool are critical for learning in primary school.

Study 2: From Primary to Secondary School



Demetriou et al. (2019b) addressed the processes above in primary (third and
fifth grade) and secondary school children (seventh and ninth grade) (N=196).
Executive functions were examined using Stroop-like attention control tasks, verbal
and numerical short-term and working memory tasks, and dimensional change sorting
tasks addressed to flexibility in shifting between rules. Reasoning was examined in
several domains: verbal and numerical analogies addressed inductive reasoning;
modus ponens, modus tollens, fallacies, and algebraic reasoning tasks addressed
deductive reasoning; combinatorial and hypothesis testing and isolation of variables
tasks addressed causal reasoning; mental rotation, visualization, and coordination of
perspectives tasks addressed spatial reasoning. Language was addressed by several
tasks examining vocabulary, mastery of syntax, and verbal comprehension, while two
awareness tasks examined cognizance. Several tasks required self-evaluation of
performance on the reasoning tasks above, both before and after completion (‘How
right do you think your solution on this task was?’), and awareness of the mental
demands of tasks (‘How difficult this task was for you?’). School grades in
mathematics, science, and language were used. Therefore, this study disentangled the
influence of cognitive, language, and cognizance processes on school performance in
late primary and early secondary school. It was expected that working memory must
be the stronger predictor of school performance in primary school. Reasoning should
dominate as a predictor in secondary school; language and cognizance should also

emerge as predictors.

Implementing the analytic rationale already explained, separate models
examined the relations between each type of process and school performance,
independently of the rest. In the model examining executive functions, a first-order

factor standing for attention control (indexed by tasks involving compatible and



incompatible Stroop-like tasks), a first-order factor standing for working memory
(indexed by tasks involving visual, verbal, and numerical information), and a first-
order factor standing for flexibility (indexed by tasks requiring rule-based shifting)
were regressed on a second-order factor standing for the executive function (Ge). An
academic performance factor indexed by grades on the three school subjects used
(Greek, mathematics, and science) was regressed on Ge and the residual of the three
domain-specific executive factors. All four factors accounted for a total of 21% of
GAP; attention control was fully absorbed by Ge (both relations = .99); of this total,
the effect of Ge was moderate but significant (5%, p = .21); the effect of working
memory was also significant (10%, B = .31) but the effect of flexibility was non-
significant (7%, p = .26). In the model examining reasoning, there were four first-
order factors according to the reasoning domain: verbal (verbal analogies and
syllogisms), quantitative (numerical analogies and algebraic), spatial (mental rotation
and visualization), and causal (combinatorial and hypothesis testing) reasoning. These
factors were regressed on a second-order factor standing for Gf. This model
accounted for 34% of total GAP variance; the effects of Gf (11%, p = .34),
quantitative reasoning (10%, B = .34), and deductive-analogical reasoning (12%, 3 =
.34) were significant. In the model examining language, GAP was regressed on a
language factor indexed by performance on each of the three aspects of language
examined (vocabulary, syntax, and semantics). This factor accounted for 30% (B =
.55) of GAP. Finally, the model examining cognizance involved two first-order
factors, cognizance for rule-based and cognizance for principle-based tasks, both
regressed on a second-order factor, Gcogn. GAP was regressed on Gcogn and the two
level-based residual cognizance factors. Altogether, the three factors accounted for a

significant but moderate amount of GAP variance, 10%; of this, only the effect of



Gceogn was significant (7%, = .27) (see Table 6, Study 2 column in ‘Supplementary
Material’ for a summary of the process-specific models).

In the common model (see Fig. 6), the second-order factors (i.e., Ge, Gf, and
Gcogn) and the language factor were regressed on g. GAP was regressed on g and the
residuals of all four second-order factors. g was very powerful, and highly related to
all domain-specific factors, ranging from -.63 (Ge, negative relation reflecting
decreasing reaction times) to .99 (Gf). Altogether, these factors accounted for a large
amount of GAP variance (85%). g accounted for a moderate but significant amount
(7%, B = .29); both, Gf (27%, B = .52) and language (50%, B =.71) accounted for large
amounts of GAP variance; the effects of executive (Ge) and cognizance (Gcogn) were
practically nil, being almost fully absorbed by g (see Table 6, Study 2 column in
‘Supplementary Material’ for the model, including all processes). There was a
dramatic drop of variance accounted for by executive processes in this study
compared to Study 1: 21% vs. 100%, and the emergence of reasoning (Gf) and
language competence, indicating a dramatic shift in the processes influencing school

performance from preschool to primary and secondary school.



Figure 6.

A comprehensive model involving all Study 2 processes.
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To further probe this difference, the common model above was tested in a
two-group analysis comparing primary to secondary school participants. There were
notable similarities and differences between the two groups. On the one hand, school
performance was similarly dependent on g in both, primary (12%, p = .34) and
secondary school (17%, B = .41; z= -.61, p > .05). Notably, g fully absorbed attention
control and Gf in both groups (all relations with g = 1), indicating that it reflects the
common core involving executive control and inferential processes by the end of
primary school onwards. Also, language was similarly influential in both, primary
(31%, B =.55) and secondary school (48%, 8 =.69, z =-.99, p >.05). On the other
hand, the two levels of education differed in the role of working memory and
cognizance. In primary school, working memory (10%, = .32) accounted for a
significant amount of GAP variance but not in secondary school (0%). Inversely, the
two cognizance factors were not related to GAP in primary school (f = < 10%);
however, the effect of post-performance evaluation, although negative, reached
significance in secondary school, accounting for 3% of the variance ( = -.18, z 1.99,
p < .05). Obviously, an advantage in working memory in primary school is helpful for
school learning; self-evaluation of cognitive performance in secondary school starts to
connect with a performance at secondary school, even if negative. The studies below
replicate and discuss this effect further.

Other studies. According to a recent meta-analysis, the strength of relations
between executive functions and academic performance in primary school is close (r
=.35) to the strength of relations found here (Cortés Pascual, et al., 2019). Notably,
updating and task-specific metacognitive monitoring skills are important for learning
arithmetic in the first two grades of primary school (Bellon et al., 2019). The trends

from primary to secondary school are also similar, indicating that the predictive



power of attention control drops drastically from primary (R?= .41) to secondary
school (R?=.13) (Zorza et al., 2016). Working memory and reasoning emerge as
predictors of school performance in primary school (Giofre et al., 2017); however,
interference control and working memory ceased to predict school performance from
seventh to ninth grade (Dubuk et al., 2020).

For comparative purposes, by implementing the model described above, we
modeled the data presented by Giofre et al. (2017), which examined the relations
between working memory, Gf, and academic self-esteem with school performance in
language and mathematics in the sixth grade. Working memory accounted for 38%
and 22%, and Gf accounted for 34% and 43% of the variance in mathematics and
reading, respectively. Self-esteem accounted for 1% and 14% of these subjects. Along
these lines, Vernucci et al. (2021) found that verbal WM and Gf significantly

predicted reading comprehension in fourth grade, but growth mindset did not.

Study 3: Self-evaluation and Self-representation from Primary to Secondary

School

Demetriou et al. (2020b) disentangled the influence of two aspects of
cognizance, self-evaluation, and self-representation, from each other and from
cognitive ability. They examined how school performance relates to reasoning and
problem-solving in different domains (mathematical, causal, spatial, and social
reasoning), self-evaluation in these domains (evaluating one’s performance on tasks
before (‘Can you solve this problem well?’) and after solving them (‘How correct do
you think your answer is?’), and self-concepts in these domains (e.g., ‘| immediately
solve everyday problems involving numbers’). Individuals from late primary (fifth
and sixth grade) and high school (seventh to tenth grade) were involved (N=408), and

grades for Greek, mathematics, and science were used.



In the separate models, for cognitive competence, four first-order reasoning
factors had regressed on a second-order reasoning factor (Gf). GAP had regressed on
Gf and the residuals of the domain-specific factors. Gf accounted for 35% (p = .59)
and social reasoning accounted for 6% of GAP (p = .24); the other domain-specific
factors were fully absorbed by Gf. For cognizance, four first-order factors (pre- and
post-solution evaluation and self-representation of reasoning in the cognitive domains
above, and self-representation of mental efficiency) had regressed on a second-order
general cognizance factor, Gcogn. These factors accounted for 32% of the GAP
variance. Gecogn accounted for 6% of GAP variance (B = .25). Self-concept of
reasoning in the cognitive domains was negatively related to school performance,
accounting for 6% (B = -.24) of GAP variance; self-concept of mental efficiency was
positively related with GAP (4%, p = .21). Noticeably, self-evaluation before solving
the tasks was positively related with school performance, accounting for 10% of GAP
variance (p = .31); post-performance evaluation was negatively but non-significantly
related, accounting for 2% of GAP variance (p = -.14). In the common model (see
Fig. 7), the second-order factors above were regressed on g. All relations with g were
strong (B > .39) although the two self-evaluation factors and Gf dominated ( =.75-
.79). In this model, the various factors accounted for a total of 68% of GAP variance.
The effect of g was moderate, although significant, (5%; B = .22); residual Gf
accounted for the lion’s share of the total, (44%; B = .67), residual self-concept of
mental efficiency (8%; p = .27), and residual pre-performance self-evaluation

accounted for 9% of GAP variance (B = .31).



Figure 7

A comprehensive model involving all Study 3 processes.
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There was a large difference between primary and secondary school in the association

between g (i.e., gic and gic, respectively) and Gcogn: weak in primary school but

strong in secondary school, with gic accounting for only 5% of Gcogn variance in

primary school but gic accounting for 45% in secondary school. Cognitive self-




evaluation and self-concept reflected cognitive ability in adolescence much more
accurately than in childhood. Importantly, about the same amount of variance of GAP
was accounted for at primary (38%, p = .62) and secondary school (31%, = .56) by
Gf. However, the pattern of relations between GAP and the other factors was very
different at the two levels of education. The effect of gic on GAP was very low and
non-significant in primary school (<1%, 3 = -.08) but the effect of gic was moderate
and significant in secondary school (7%, B = .26). Notably, self-representation of
mental efficiency was highly related with GAP (58%, B =.76) in primary school but it
was not related in secondary school (B =.001); inversely, the relations of pre- and
post-performance evaluation with GAP were low and non-significant in primary
school but significant in secondary school. Notably, pre-performance evaluation was
positively (8%, p = .28) but post-performance evaluation (5%, p = -.23) was
negatively related with GAP.

These patterns are highly interesting in differentiating cognitive ability from
self-representation and self-evaluation as predictors of school performance. Precise
self-concepts and self-evaluations involved in Gcogn are not yet powerful
components of gic in primary school; thus, self-evaluations are not accurate enough to
represent actual performance in this period. These become influential in the formation
of gic in secondary school, representing actual performance with increasing accuracy.
Self-representation of reasoning in cognitive domains is very weak as a predictor
because it covaries with cognitive competence, by and large. Self-representation of
mental efficiency, standing for speed of understanding (e.g., ‘I am fast in
understanding a new concept explained to me’), learning (e.g., ‘I am fast in learning
new concepts’), and working memory (e.g., ‘I can easily hold in memory a new phone

number’) preserves a significant predictive advantage, additionally to Gf standing for



reasoning. Also, self-evaluations do provide additional information in predicting
school performance from adolescence onwards, if measured with cognitive ability.
Specifically, self-representations become increasingly accurate in reflecting cognitive
ability; thus, general cognitive self-concept, as a proxy of cognitive ability, does
predict academic performance, if taken alone; however, cognitive ability masks self-
concept, if measured.

Differences in the relations between pre- and post-performance evaluations with
academic performance are interesting in their implication for the interaction between
cognitive ability, cognitive self-concept, self-evaluation, and problem-solving.
Evaluations prior to solving the tasks increased predictability on top of cognitive
ability in secondary but not in primary school children. In contrast, evaluations after
solving the task were negatively related in secondary school. Perhaps, an advantage in
self-evaluation before solving the tasks in adolescence signifies an overall
improvement in cognizance, enabling one to call upon cognitive ability and general
self-concept to evaluate the demands of a specific task, as well as one’s own
possibility of solving this task. This better reflects self-monitoring and sensitivity to
feedback facilitating learning as it allows one to efficiently capitalize on available
cognitive ability. The negative relation to post-performance evaluation indicates that
evaluation is still contaminated by likeability, alluding individuals to being lenient to

themselves (Demetriou et al., 2018c).

Study 4: Cognitive Ability, Cognitive Self-representation, and Personality

Demetriou et al., 2019a sought to disentangle the influence of personality from
cognitive ability and cognitive self-representation. In addition to the domains of
reasoning and self-representation above, their study addressed the Big Five factors.

Primary, junior high, and senior high school participants, from 10 to 18 years, were



involved (N=689). Performance in Greek, mathematics, and science was again

utilized (see Fig. 8).

Figure 8

A comprehensive model involving all Study 4 processes.
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self-representation in mathematics, categorical reasoning, mental efficiency, self-monitoring, social



reasoning, verbal reasoning, impulsivity, self-control, and learning, respectively. C, O, E, N, and A
stand for the Big Five factors as specified above. GFP: General Factor of Personality.

In the separate models, the model examining cognitive processes involved
first-order factors for inductive, deductive, quantitative, causal, and spatial reasoning,
and a second-order Gf factor related to all domain-specific factors. Altogether,
performance on the reasoning battery accounted for 40% of GAP variance. In line
with the other studies, Gf accounted for 25% (p = .50) of GAP variance—more than
half of the total variance accounted for by the model. Of the various domain-specific
factors, only residual quantitative reasoning accounted for a significant amount of
GAP variance (5%, B = .23), reflecting the relevance of mathematical reasoning in
school performance.

The model examining only self-representation included first-order factors for
all domains of reasoning above and, additionally, factors for mental efficiency
(memory, speed of understanding, and self-regulation). These factors were regressed
on a second-order general cognizance factor, Gcogn. Altogether, these factors
accounted for 28% of GAP variance. The effect of the general self-representation
factor on GAP, although significant, was small (1%, p =.11). The majority of the
influence of self-representation was captured by the residual factor of self-
representation of mathematical thought (24%, = .49); the residual of deductive
reasoning also accounted for a significant amount of GAP (3%, = .18).

In the model involving only the Big Five factors, there was a first-order factor
for each of the Big Five, all related to a second-order GFP (a model involving factors
for stability and plasticity is not discussed here). Altogether, these factors accounted
for 36% of GAP. The relation between GFP and GAP was negative (4%, = -.19) but

non-significant, implying that this factor may have reflected the likeability aspect of



personality. Of the Big Five factors, only conscientiousness (18%, 3 = .42) and
openness (12%, p = .35) accounted for considerable amounts of GAP variance, and in

the expected direction.

The common model involved all factors of the separate models above. The
second-order factors detailed in Figure 8 were related to a third-order g factor. The g
factor in this model was dominated by self-representation: both GFP ( = .85) and
Geogn (P = 1.00) were very highly related; the relation with Gf was significant but
moderate (B =.23). Altogether, the various factors accounted for 54% of total GAP
variance. The amount of GAP variance accounted for by g in the common model was
small and non-significant, 2% ( = .15). Noticeably, the relative influence of the three
types of processes (cognitive, self-representation, and personality) was redistributed
drastically, relative to the three separate models (see Fig. 8). Specifically, more than
half of the total amount of variance captured by this model (i.e., 30% out of 54%) was
accounted for by cognitive factors. Gf captured most of this amount, 27% (p = .52);
none of the domain-specific factors was significant. Impressively, self-representation
diminished drastically. Gcogn vanished completely but self-representation of
mathematical (4%, B = .20) and deductive reasoning (6%, 3 = .25) preserved moderate
but significant predictive power.

Expectedly, in the corresponding separate model seen in Figure 8, self-
representation factors functioned as proxies of cognitive competence to a considerable
extent. With the cognitive factors present, most self-representation factors lost their
role as predictors. Also, the predictive power of personality diminished extensively
compared to the corresponding separate model, but less so than self-representation.
GFP accounted for 2% (3 = -.14) of GAP variance; Of the Big Five factors,

conscientiousness (6%; = .24) continued to have a significant impact on GAP.



Openness was absorbed by the other cognitive self-representation factors. To further
decompose these relations, the common model above was tested in two models
involving multiple groups: one according to educational level and one according to
ability level. In the model testing the possible differentiation of relations according to
educational level, three groups were formed: primary, junior secondary, and senior
secondary school; in this model altogether, the various factors accounted for 77%,
54%, and 53% of total GAP variance, respectively.

There were interesting similarities and differences between the three groups.
The predictive power of g was very limited in all three groups (B <.10 in all groups).
Gf was strong in all three groups but decreased from primary to secondary school (B =
.55, .40, and .36 for the three groups, respectively). Interestingly, deductive reasoning
was influential in the two younger
groups but not in the older group (B = .36, .39, and -.06 for the three groups,
respectively). Self-representation in mathematics (B = .38, 26, and .19 for the three
groups, respectively) and deductive reasoning (f = .33, 28, and .21 for the three
groups, respectively) were influential in all three groups. There is a trend for the
various relations to decrease across the three levels.

To examine if this trend is related to cognitive ability, three populations were
formed according to cognitive ability: low, including participants performing one
standard deviation or more below the mean of the cognitive battery; the middle group
included participants performing 1SD+1 from the mean; and high, performing one
standard deviation or more above the mean. The influence of g on academic
performance was very weak in all three groups (B < .10 in all groups). However, the
influence of Gf decreased systematically across the three groups (B = .58, .21, and .05

for the three groups, respectively), dropping below significance in the ablest group.



Only Gf was significant in the lower-ability group. In the average-ability group, self-
representation in mathematics (4%, f = .21) and deductive reasoning (4%, = .19),
and openness (3%, p = .19) were significant; in high-ability individuals, only self-
representation of mathematical ability was related to school performance (16%, =
.40). Obviously, cognitive processes and personality processes operate differently in
different educational, developmental, or ability levels.

Specifying interactive effects. A non-linear structural equation model was also
applied. This approach allows the capture of interactive effects in addition to relations
between pairs of individual processes (Tucker-Drob, 2009). The tested model
involved general cognitive ability, g, general academic performance (GAP), the
common factor emerging from performance on the three school subjects, and the two
major personality dimensions: stability (a factor underlying agreeableness,
conscientiousness, and neuroticism) and plasticity (a factor underlying extraversion
and openness). The general factors standing for each of these processes, their
quadratic version, and their interaction with age were also involved. Significant
relations are illustrated in Figure 9.

Figure 9

Relations of academic performance with cognitive ability, personality plasticity, and

general cognitive self-concept.
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Note 1: To highlight interactions with age without making the Figures unnecessarily complicated,
secondary school grades 7 and 8, 9 and 10, and 11 and 12 were pulled together.

Note 2: A (general cognitive ability, factor scores on g): R?=.45, F(1)=334.21, p < .001); B (plasticity
of personality): R?=.29; F(1)=155.72, p < .001); C (and self-concept): R?=.12, F(1)=57.39, p <.001).
Figure 9A illustrated the strong and linear relation between GAP and g (45% of
variance); it is noted that the quadratic g was minimally predictive of academic
performance when purified from the linear effects of g (beta=-.04, p >.07). Notably,
the relation of academic performance with stability (3%) and plasticity (2%) in
personality was low and varied in opposite directions: negative for stability and
positive for plasticity. The relations of academic performance with interactive factors
involving stability were consistently low. However, the interaction of plasticity with
age related positively and strongly with academic performance (29% of variance);
also, the interaction between g and plasticity is related highly to GAP (21%). The
relation of academic performance with the product of cognitive self-concept by age
was negative (12%). Inspection of panels B and C suggests that these effects are

informative for the extreme parts of the respective scales. Specifically, these scales




minimally differentiate between individuals of average competence. However, on the
one hand, with development or increasing g, plasticity becomes increasingly
important for academic performance. On the other, inflation of self-concept with age
does not necessarily better reflect academic performance. Perhaps, increased plasticity
enables students to tune their cognitive ability to varying school demands; inflated
self-concept may divert them from the effort required to cope with learning demands

at school.

Study 5: Cognitive Ability, Self-representation, Self-evaluation, Personality, and
Emotional Intelligence

Demetriou et al., 2018c¢ included emotional intelligence additionally to the
factors listed above. We included emotional intelligence to examine its possible
predictive power on top of the cognitive and personality factors of concern to the
present theory. Initially, Goleman (1995) proposed the construct of emotional
intelligence to account for cognitive and emotional processes that allow for
understanding and managing emotions, and motivational factors that were allegedly
unaccounted for by the dominant psychometric theories of intelligence and
personality (Goleman, 1995; Mayer et al., 1999; Mayer, & Salovey, 1997). However,
recent research suggested that measures of emotional intelligence assess aspects of
personality addressed by traditional personality or intelligence research (Matthews et
al., 2004; Matthews et al., 2005). In line with this argument, other contemporary
studies demonstrated that trait emotional intelligence appears as a direct measure of
GFP, indexing social effectiveness (van der Linden et al., 2017). Thus, emotional

intelligence may not be a useful construct for understanding academic achievement



(Waterhouse, 2006). This study tests if this critique of emotional intelligence is valid.
The study involved fifth-grade (11 years) primary school children and seventh- (13
years), ninth- (15 years), and eleventh-grade (17 years) secondary school adolescents.

These participants were examined using cognitive (inductive, mathematical,
causal, and social reasoning) and cognizance tests (self-representation and self-
evaluation in these domains). The Big Five personality factors test was also utilized,
as was a battery of emotional intelligence tests. We examined trait emotional
intelligence using a self-rating inventory concerning knowledge about emotions (e.g.,
‘I know why my emotions change’; ‘I recognize someone’s emotions’) and emotional
self-regulation (e.g., ‘I control my emotions’). Emotional intelligence was examined
through several tests. First, items were examined to understand how emotions (anger,
sadness, joy, disgust, fear, and surprise) may be involved in real-life episodes.
Second, participants constructed stories capturing how such emotions change as a
consequence of experiences with their heroes or interpersonal interactions.

In the fashion described above, separate models examined how each construct
and its components relate to academic achievement independently of the other
constructs. The present findings generally validated the findings above. In the model
involving the cognitive domains, Gf accounted for 18% (p = .43) of GAP variance; no
domain-specific factor was related. In the model involving self-evaluation and self-
representation, the effect of Gcogn was moderate but significant (5%, § = .22); the
residual mathematical reasoning self-representation factor accounted for 20% (p =
.45) of GAP variance; the effect of the residual self-representation of mental
efficiency on GAP was negative 12% (B = -.34). In the model involving emotional
intelligence, all factors together accounted for 17% of GAP variance. The effect of the

general emotional intelligence (Gei) factor was non-significant (2%; p = .15). Of the



domain-specific factors, only two cognitive factors, understanding emotions (6%; 8
=.25) and reconstructing emotions according to situational demands (8%; B =.29),
related significantly to GAP. In the model involving personality, all personality
factors together accounted for 22% of GAP variance; the effect of GFP, was moderate
and significant (11%; = .33); the effect of conscientiousness was close to the
corresponding effect of the other studies (5%; = .24); the effect of neuroticism was
significant and, expectedly, negative (5%; B = -.22). In the comprehensive model
including all factors (Fig. 10), Gf, Gcogn, Gei, and GFP were regressed on g. In the
fashion of Study 4, where self-representational factors dominated, Gcogn, Gei, and
GFP were highly related with g (all § > .65); the relation with Gf was significant but
moderate (B = .27). In this model, the effect of g on GAP was non-significant (3%:; 3
=.17); in line with all other studies, purified Gf dominated, accounting for 19% (B =
44) of GAP variance; the effect of quantitative reasoning (16%, = .40) was also
significant; none of the other three purified general factors (i.e., cognizance,
emotional intelligence, and GFP) accounted for any significant effect (all accounting
for less than 3% of GAP; = <.18). Notably, however, two specific factors did have a
significant effect: self-representation of mathematical problem-solving (16%, 3 = .40)
and conscientiousness (10%, = .31).

In conclusion, the present findings align with earlier research indicating
that emotional intelligence is redundant to cognition and personality. When measured
alone, it does have a certain predictive power, emerging from its cognitive processes
that enable an understanding of the role and functions of emotions. However, when
measured together with cognition and personality, emotional intelligence vanishes
entirely as a predictor. The patterns of intelligence and personality were very similar

to the corresponding patterns of the other studies. That is, when examined alone, both



self-evaluation and self-concepts, as well as personality, were related to school
performance. However, to a very large extent, these factors resonate with Gf rather
than standing on their own. In the comprehensive model including all constructs, only
Gf remained unaffected by the inclusion of the other factors, accounting for ~20 of
GAP variance as in all studies. Notably, Gf dominates over g, together with two
specific factors: one from self-representation and mathematical competence, and one

from personality and conscientiousness.

Figure 10

A comprehensive model involving all Study 5 processes.
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Note: Spatial, Quant, Exper, and Soc stand for spatial, quantitative, causal-experimental, and social
reasoning respectively. SRQuant, SRExper, SRSoc, and SREff stand for self-representation in
quantitative, causal-experimental, social reasoning, and mental efficiency, respectively. EICog, Elsctr,
ElSoc, and EICons stand for the cognitive, self-control, social, and conscientiousness aspects of
emotional intelligence, respectively. Gf, Gcogn, El, and GFP stand for fluid intelligence, cognizance,
emotional intelligence, and the General Factor of Personality, respectively. Consc, Neuro, Extro,

Agree, and Open stand for the Big Five factors. GAP stands for general academic performance.

Other studies. Studies including cognitive and personality measures found a

similar distribution of predictive power between the two systems. Neuenschwander et



al. (2013) found that in early primary school (first and second grade), executive
functions (updating, inhibition, and shifting) accounted for 26% of grades in reading,
writing, and mathematics; plasticity accounted for 23% and stability accounted for
16% of the variance in these grades. Laidra et al. (2007) found that general
intelligence (measured by Advanced Progressive Matrices) accounted for 20-30% of
school performance throughout primary and secondary school. Agreeableness,
conscientiousness, and openness accounted for 4% each. Heaven and Ciarrochi (2012)
found that conscientiousness exerts a small but significant effect on school
performance in secondary school (~3% of variance) on top of Gf (~25%). Openness
exerts a similar effect but only among high-cognitive-ability students. Andersen et al.
(2020) found that conscientiousness appears as a predictor of school performance
(reading) from fourth grade, retaining a significant relation varying circar = .3;
relations of other stability factors, such as agreeableness and emotional stability, are
due to their covariation with conscientiousness. Zuffiano et al. (2013), found that self-
regulated learning emerging from self-efficacy accounted for a small but significant

amount of school performance variance (2%), on top of Gf and the Big Five factors.

Along similar lines, Furnham et al. (2009) examined if the Big Five factors of
personality, typical intellectual engagement, and learning styles possess any
predictive power of academic performance on top of intelligence. Goff and Ackerman
(1992) proposed typical intellectual engagement as a construct bridging fluid with
crystallized intelligence. That is, it reflects an active search for knowledge in different
domains and engagement in problem-solving. Learning styles reflect habits in the
systematicity and exhaustiveness of processing new information when working on
learning tasks (Biggs, 1995). This study found that intelligence accounted for ~53%

of the variance of performance on the General Certificate in Secondary Education



exam (GCSE) scores in English and mathematics at the age of 16 years. The Big Five
factors were unrelated. Typical intellectual engagement and learning style added little
predictive variance on top of the variance accounted for by intelligence (~3%).
Analyzing the data presented by Furnham et al. (2009) by the present approach
indicated that even this amount of variance reflected the state of cognitive ability
addressed in this study. When used alone, these constructs do predict ~2-3% of
academic performance variance. However, Gf fully absorbed them when used in a
common model. These studies strongly suggest that self-representational constructs of
mental competence (openness, typical intellectual engagement, learning styles, self-
efficacy beliefs) are complementary or overlapping (e.g., Rocklin, 1994) reflections of
a central construct—the cognitive Me-self—that in turn reflects actual cognitive

competence (Gf).

Integrated Cognition-Personality-School Performance Model
In this section, we first summarize the main trends across the five studies before
discussing the theoretical implications of these trends for cognitive, psychometric, and
developmental theories. Finally, the implications of these findings for education are
addressed. Table 1 outlines the fundamental constructs in each system and the basic

principles for their handling in education.

Table 1

Central and derivative constructs across fields.



Common core (g)

Understanding/action
frames (Gf, Big Five)

Cognizance
(self-awareness)

Cognition

Personality

Individual
differences

Education
Preschool

Primary
school

Attention control
processes enable
focusing on stimuli
(Ge); alignment-
abstraction
processes, channeled
along a represented
goal (Gf), minimally
cognized for the sake
of goal-specific
action control
(Gcogn).
Fundamental goal
commitment and
characteristic level of
engagement directed
to behavioral and
social efficiency
(GFP).

Genetic differences
in brain formation
and differences in
neuronal matter,
networks, and
functioning serve as
attention
mechanisms, quality
of representations,
and relational
binding.

Mapping executive
functions. Build the
self-representational
mind: Take control
of executive
processes, including
attention,
representational
awareness, and one’s
activity with others’
activities and minds.

Identify and remove
deficiencies in
attention control.
Build inferential
awareness. Train in
representational

Inference integrates
representations
according to rules of
different reasoning
forms. It enables
property- or rule-
based transfer of
relations (induction,
analogy) and truth
evaluation
(deduction).

Big Five stand for
dispositions of
behavioral and social
engagements. They
guide social inference
by integrating social
information according
to social/moral rules
and given
dispositions.

Different networks
serve different forms
of inference or
dispositions in the
brain or learning.
Social/educational
experiences enable
control of the
inferential process.

Systematic
observation of objects
and events. Note
similarities and
differences generate
hierarchical
representations. Class
and pragmatic
reasoning. Practice in
recurrent activities,
e.g., counting, pattern
specification, etc.

Explicit induction of
rules. Practice
different forms of
inference in different
contexts. Explicit

Perceptual/situational,
attention, and
processing awareness;
awareness of mental
content; maps of mental
processes and personal
mental history;
self-evaluation
standards and weights.

Dispositional,
emotional, and
motivational awareness.
Behavioral and social
self-monitoring; maps
of personality and social
characteristics and self-
worth values, associated
with social desirability.

Differences in self-
monitoring and self-
recording precision
cause differences in the
accuracy of self-
representations and self-
evaluations self-
supervision and top-
down control of
functioning.

Learn self-monitoring
skills, and compare
performance with goals.
Monitor cognitive and
behavioral changes
under different levels of
executive control, e.g.,
attention, or awareness,
e.g., self-observation.

Observe performance
relative to standards.
Identify strengths and
weaknesses in different
domains. Control
preferences and




flexibility and encoding of dispositions relative to

management of inferential processes school expectations.
representations in in language and use of  Awareness of
memory. other symbol systems  alternative means for
Long-term goal and  to denote them. learning.
Secondary related strategy Explicit awareness of  Refine standards of self-
school formation. Build goal different forms of evaluation. Associate
hierarchies and reasoning and with strengths and
priorities. Strategies  dispositions. weaknesses. Control
for handling Awareness of context.  social desirability.
disruption. Differentiate between  Awareness of life-paths
logic and context- vis-a-vis preferences

based interpretations.  and possibilities.
Handle dispositions

relative to choices and

contexts.

Main Findings and Trends

The patterns of relations between cognitive, cognizance, and personality factors
highlight how they are interwoven in development, thus influencing school
performance. First, all three types of processes do significantly predict a considerable
amount of school performance variance, ranging from ~17% (emotional intelligence)
to 100% (executive processes or cognizance at preschool), if measured alone (Table 6
in Supplementary Material). A very high amount of school performance variance was
explained when all constructs were taken together in the comprehensive models
across all studies (mean = 71% across the five studies). This is an impressive relation
if considering that the measures of school performance were completely independent
of the measures used in the various studies: teachers scored their students’ classroom
performance unbeknown to their performance in these studies. However, when
examined in comprehensive models, the relative predictive power of factors varies as
a function of (a) their role in satisfying developmental priorities in successive
developmental phases and (b) the extent to which they mirror each other. Thus,
specifying how they appear in models is important for understanding their

contribution to life outcomes.



The second-order general factors stand for different sets of processes activated
for sake of distinct mental needs. Identifying a general factor in each set may reflect
their sharing of a minimal mental core present in all processes in the set. The critical
process in Ge is focusing attention on real or mental objects, refocusing if necessary,
and holding in mind the information needed to do so. The critical process in Gf is
abstraction implementing relational integration across representations and evaluation
of the relevance of abstractions, considering inferential and domain constraints. The
critical process in Geogn is awareness of experiences or mental objects which may
vary from qualia in visual perception (‘1 know that this is red’) to mental processes (‘I
visualize how to fit all objects in the box’, ‘I multiply numbers’, etc.). Each of the
processes may be relatively modular in that they are independently executable, but
they are mutually constrained in that they are activated in sequences of meaning-
making attempts and each may affect the efficiency of the other. In short, each G is an
overlapping set of processes drawing on a core process and mutually supporting each
other.

Third-order g expresses three distinct but complementary types of effects: (1)
overall quality in efficiently running the AACog mechanism; (2) interactions between
this mechanism with the quality of representations and rules in different domains
targeted, such as relations in verbal, mathematical, and spatial contexts; (3)
interactions with processes in specific Gs, such as focusing (Ge), reasoning rules (Gf),
process-specific awareness (Gcogn), and commitment to complete processing (GFP)
(see Table 1). So defined, in developmental time, g and the specific G factors are both
reflective and formative (Bollen & Bauldry, 2011). They are reflective of the specific
experiences that contributed to their formation so far; they are formative because,

from this time onwards, actual problem-solving is influenced by them. Identifying any



higher-order factor at any time is constrained by the limitations of the measurement
instruments or the mathematical methods used (Borsboom, 2005).
g: Mechanism or Composite?
There are two approaches to examining g as a predictor of academic
performance:
1. g may be specified as one of several components whose effects must be
distinctly identified together with other components.
2. g may be taken as a comprehensive function expressing all components jointly
activated by school learning.
The two approaches are complementary. The first assumes that g reflects a specific
mental process that is important for learning at school together with other processes.
This is the approach adopted in the comprehensive models tested in each study (see
respective Figures and Table 6 in ‘Supplementary Material’), where academic
performance was regressed on g and the residuals of specific Gs or more specific
factors. Under this approach, the contribution of g may be exceeded by specific g
factors as a predictor of academic performance (or other actual life outcomes) because
their relative contribution is based on developmental priorities. We demonstrated that
different processes dominate over g as predictors of academic performance: attention
control and representational awareness in preschool; inductive inference, working
memory, and inferential awareness in primary school; deductive reasoning, truth
control, self-representation precision, and personality dimensions related to self-
management in adolescence. Also, the predictive power of g varies inversely with the
dimensions defining it. The broader the components of g are the less predictive power
is left to g, being captured by the specific g factors. This is the pattern found across

the three developmental levels of g, gr, Qic, and gic, successively constructed across



the three levels of education, respectively. There is a strong message here: g as a
process may be important for the functioning of other processes it interacts with but,
when we come to real-life outcomes, it is largely expressed through other processes in
which it is invested.

The second approach takes g as a composite function of the processes involved,
specifying their combined influence on academic performance. This approach may
capture interactive influences on academic performance that may escape the first
approach. Interactive influences would indicate that the total is more than the sum of
the parts. To examine this assumption, the relations between predictors with academic
performance were integrated into a composite function, which is a multi-step process.
Specifically, the fitted line plots for the regression of academic performance on mean
performance on each process and their underlying mathematical functions are
specified first. In the case of Study 2, the fitted line plots and the mathematical
functions for attention control (GAP= f (Att)), working memory (GAP =f (WM)),
reasoning (GAP = f (Gf)), language (GAP = f (language)), and cognizance (GAP = f
(Gcogn) were first specified. Using the curve estimation procedure, the dependent
variable (GPA) was better predicted by sigmoidal curves. The five specific functions
of each predictor were then mathematically added to create a new function: the
composite function. This function synthesizes the effects of all predictors,
representing their simultaneous effects on the variable of interest (Graybill & Lyer,
1994). The composite function for Study 2, with the coefficients for each predictor
and GAP as the dependent variable, is expressed as follows:

Jcomposite- f(X):ax3 +bx?—cx+e 9



where a = 0.08, b = 0.22, ¢ = -0.06, and e = 4.29 (resulting through a series of
iterations); x is the sum of the values of each of the five predictors as provided by the
raw data of the study.

This composite function accounted for 91% of the variance of GAP and is illustrated
in Figure 11.

Figure 11.

The General Function of Study 2
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Individuals ordered according to actual performance and performance on the composite function

Note: Green stands for the distribution of actual academic performance scores and blue stands for the
distribution expressed by the general function, i.e., X; individuals are ordered on the x-axis according to
their performance on the composite function specified in Equation 9. The coefficients for the processes
involved and the composite function were derived using non-linear regression software (SPSS 26.1).

In the comprehensive model presented above (Fig. 6), g together with Ge, Gf, Gcogn,

and language accounted for 85% of the variance. Thus, the composite function (Fig.

11) accounted for 6% more variance than this model, implying that there may be



interactive effects additional to the sum of individual effects to be considered when
predicting school performance. Inspection of performance in the lower or
intermediate range rather than in the top range. Therefore, this approach captures non-
linear relations in a more precise manner than SEM.

Theoretical Implications

It should now be apparent that g in this theory integrates mechanisms
originating in three traditions of research on the human mind: psychometric, cognitive
science, and developmental. Therefore, g here is broader than the psychometric g. In
the CHC model, the psychometric g emerges from performance on executive and
reasoning tasks, and it does not include cognizance (Carroll, 1993; McGrew, 2009).
Here, g additionally reflects representational awareness and awareness of cognitive
processes, expressed variably across the five studies. Thus, it captures the relational
binding background of Spearman’s (1904, 1927) eduction mechanisms and restores
its lost first law of g, apprehension of experience. Also, in psychometric theory, g is a
measure of individual differences, reflecting, among others, the strength of relations
between cognitive processes. Spearman’s Law of Diminishing Returns postulates that
correlations between processes diminish with the increasing ability (Jensen, 1998;
Spearman, 1927). The studies presented here showed that correlations between
processes are a function of developmental priorities rather than of sheer level of
ability, concurring with research gquestioning this law (Fogarty & Stankov, 1995).

As a developmental construct, the theory is also broader than the mechanisms
discussed in developmental theories. These theories emphasized one dimension of
intellectual development at the expense of others. Piaget (1970) emphasized reasoning
and underlying logical mechanisms, ignoring executive or processing functions. Post-

Piagetians emphasized the later functions, underestimating reasoning or awareness



processes (e.g., Case, 1985; Halford, 2014). Theory of Mind (e.g., Wellman, 2014)
and metacognition theories (Flavell, 1979; Efklides, 2008) focused on awareness and
underestimated the rest. Executive control theories focused on representational
efficiency and flexibility in an early period of life, underestimating the underlying
processing efficiency or reasoning processes (Diamond, 2013; Zelazo, 2015). No
earlier theory specified the changes in the importance of all processes according to
developmental priorities. In the present context, g fleshes out Piaget’s (2001)
reflective abstraction, specifying its forms and role in successive developmental
phases. In this regard, the AACog mechanism integrates Karmiloff-Smith’s (1992)
Representational Redescription (RR) in its operation. RR is a “process by which
information that is in a cognitive system becomes progressively explicit knowledge to
that system” (Karmiloff-Smith, 1992, p. 693). Progressive explicitation begins at an
initial level when knowledge and mental processes are only implicit to an ultimate
level when knowledge is both consciously accessible and available for verbal
reporting. So defined, AACog is a self-modified mechanism altering developmental
priorities and transforming g. Thus, g here brings the currently thriving research on
consciousness (Seth, 2022) in the study of intelligence and intellectual development,
showing that it is an important part of the learning process in school.

The theory and research reviewed here resolve an ongoing dispute: if g should
be replaced by specific g factors in predicting life outcomes, such as fluid reasoning
(Gustafsson & Undheim, 1996) or executive control (Blair, 2006; Diamond, 2013).
This theory suggests that, depending on the developmental phase, any specific g may
extensively overlap with g. In early childhood, it may overlap with executive control;
in young adulthood, it may overlap with Gf. We found here that the predictive power

of Gf increased from preschool to middle primary school, becoming the dominant



predictor thereafter. Therefore, inferential processes and problem-solving skills
invested in various domains such as inductive, deductive, mathematical, causal, and
spatial reasoning, are central to school learning. Both g and Gf are reflected in all
forms of cognizance guiding online task-specific performance evaluations and offline
general and domain-specific self-concepts. They are also reflected in personality
influencing goal-oriented self-management dispositions framing problem-solving and
learning performance (conscientiousness), and attitudes for handling challenges
(openness). Thus, when measured alone, self-evaluations, self-concepts, and some
personality dispositions do predict a considerable amount of school achievement
(20% or higher). However, their predictive power dissipates when purified from this
reflection. Only self-evaluation, school-related self-concepts in mathematics and
verbal reasoning, and conscientiousness survive, accounting for about 3-5% of school
performance variance each. Admittedly, change in the predictive power of various
constructs with age may partly reflect increasing precision in school performance
measures themselves, rather than cognitive or personality measures. For instance,
teachers rely increasingly on performance on tests with advancing grades rather than
on personal judgment. Future research would have to disentangle these effects.

Nevertheless, many aspects of the mechanisms in g and their relations need to
be further specified. For instance, research needs to specify how AACog operates
under a hierarchy of goal representations, including domain-specific biases about the
relations to be processed, general plans for stimulus search, alignments, abstractions,
and evaluations, and a mixture of domain-specific and domain-general standards for
evaluation of truth and adequacy of solutions. It is accepted that problem-solving is
based on the construction of simplified representations of the problem under

consideration, which reduce the dimensions needed to solve the problem. These



simplified initial representations bias where attention is to be initially committed and
refocused in the process, interchanging between covert attention to a goal hierarchy
and overt attention to information changing online (Weichart et al., 2022). They also
affect the value of representations, balancing the cost of action plans with their
utilities (Ho et al., 2022).

These considerations have important developmental implications if related to
the developmental priority model. First, at preschool (3-6 years), when attention
control and representational awareness are still under formation, an optimized
reduction of the problem space into a simple but accurate representation, an accurate
representation-based search of information and related alignments, and awareness-
guided abstractions are weak. Thus, difficulties in handling and solving problems in
this phase emerge from deficiencies in construing the problem situation and ensuing
planning of problem solutions. Later, in primary school, problems may be represented
more adequately, but the imprecision of inferential awareness and self-evaluation may
blur the formulation of alternative solutions or their evaluation when conceived. Even
later, in adolescence, when these limitations are overcome, the lag of an adequate
truth control process may lead to accepting wrong interpretations because their
complete evaluation is not possible.

These questions withstanding, a drastic clean-up of theoretical constructs is
required. A recent study showed that tens of constructs about self-concept, self-
efficacy, self-esteem, life satisfaction, mindfulness, need for cognition, intellectual
engagement, etc., can be subsumed under the overall scheme of the Big Five factors
as expressions of already extant facets (Bainbridge et al. 2022). The evidence
discussed here suggests that an even larger reduction is needed in concern to the

predictors of school performance. Personality itself may reflect academic performance



if measured alone but this is a projection of cognitive competence in personality;
when this projection is removed, all aspects of the Big Five but conscientiousness
become redundant to cognitive and other self-representation processes. By late
childhood (Andersen et al., 2020), conscientiousness may stand for a refined self-
reflected expression of executive control embedded in planning and self-management
strategies, allowing better use of one’s cognitive competence. Notably, some
constructs, such as emotional intelligence, were completely absorbed by cognition and
personality. Therefore, compared to intelligence, the influence of personality on
school achievement is much weaker than claimed by other studies (e.g., Borghans et
al., 2016). The influence of personality on achievement in other more complex
domains of life, such as the workplace, social activities, and politics, is stronger than
found here. Admittedly, interested users would need a more precise mapping of this
influence.
An Overarching Cognitive Developmental Educational Model

To be able to direct educational practice, the relations between school and
cognitive and personality development would have to be analyzed at two related but
distinct levels. On the one hand, general trends in development may guide overall
educational policy and planning. For instance, general trends may guide the formation
of the curriculum so that overall learning demands align with general trends in the
population according to age. On the other hand, individual differences in the
development of each process may guide the tuning of specific demands teaching
practices according to individual developmental rates and possibilities. Often, what
appears to be appropriate for a population at the global level, may not be appropriate
for individuals developing slower or faster than their agemates. Slow developers may

not be able to cope, and fast developers may not be able to profit from school. Thus,



in this section, we will first draw the implications of the present findings for the
global alignment of development with school demands. We will then focus on the
implications for the individualization of teaching. Educational priorities according to
educational level are summarized in Table 1.
Developmental Profiles and Educational Demands

Overall learning demands of successive school levels appear well coordinated
with general changes in mental possibilities, probably reflecting the progress made in
our understanding of intellectual development and learning after more than a century
of research. In preschool, building the self-controlled representational mind is critical
for learning. These processes relate to the main demands imposed on preschoolers: (1)
coordinate their activity with organized school life; (2) take others’ minds seriously;
(3) translate one’s representations and mental states into arbitrary representations and
knowledge prioritized by teachers. Executive processes are more relevant than
reasoning in preschool because they enable children to engage with time-organized
activities in the classroom, such as attending to the teacher’s instructions, inhibiting
distracting responses, holding information in mind, and flexibly adjusting to changing
instructions (Nelson et al., 2017). Also, the mediational role of cognizance in the
transition to rule-based thought is much stronger in the period from 5-7 years than
later. Representational awareness and ensuing precision in focusing on representations
facilitate grasping representational links that will feed into the inferential processes
dominating in the next period.

Also, representational awareness at preschool enables children to show interest
in others’ knowledge, including teachers and classmates. These processes are needed
to carry on the representational integration required for learning in the subjects

introduced in early primary schools, such as reading and arithmetic; these tasks



require matching and interlinking mental states with symbols and their relations as
deployed by the teacher (e.g., Altemeir et al., 2006; Nelson et al., 2017). Notably,
linguistic awareness is highly important for building this awareness in preschool
(Demetriou et al., 2021).

In primary school, fluid reasoning, working memory, and language dominate.
The first two reflect control of the representational field in which concepts are
inferentially connected. Reasoning ensures the integration and abstraction required to
build new skills, such as reading and arithmetic, which require the integration of
representation chains. Working memory reflects the facility of handling blocks of
representations and their inter-relations. Learning mathematics requires increasing
precision in focusing on specific individual representations, such as specific numbers,
and increasing flexibility in mentally moving across them to grasp relations. Grasping
science requires understanding causal relations between variables at multiple levels.
Language is the basic medium of teaching. Mastering language requires commanding
increasingly demanding grammatical and syntactical rules defining semantic relations.

Self-concepts and self-evaluations in this phase are not good predictors of
school performance. Often, in this phase, these indices are negatively related to school
performance, for two possible reasons. On the one hand, inferential awareness in this
period is still imprecise, lacking standards for truth and validity. On the other hand,
self-value judgments are inflated by likeability, reflecting an interaction between a
nascent sense of mental power with a need to project an image of success. These
weaknesses may be reflected in adjusting self-regulation activities according to the
learning demands of tasks. There is evidence that the flexibility to monitor and adjust
learning activities according to different learning tasks at school is still under

formation even at the end of primary school (Gonl et al., 2021).



These weaknesses diminish with principle-based thought, emerging with refined
self-monitoring and self-knowing. Deductive reasoning dominates as a predictor of
school performance in secondary school. Additionally, self-evaluation and self-
concepts emerge as relatively accurate predictors of school performance because they
become more precise in monitoring and evaluating performance, allowing updating
when needed and recognition of one’s own mental and personality constraints
(Demetriou, 2021; Demetriou et al., 2018a, 2018c). It seems that in this phase the
self-system gradually builds pointers to different combinations of (a) problem-solving
skills and awareness processes, (b) dispositions to act with a particular pattern of
activity, and (c) feedback received about successes and failures and the ensuing
feelings of satisfaction and dissatisfaction. As a result, crudely self-represented
executive control processes and dispositions of the child are elevated into the self-
organization and achievement plans of the adolescent, explaining the emergent role of
conscientiousness in adolescence.

These changes go well with learning in secondary school, introducing the
formal style of science in modeling the world. Advanced mathematical skills,
grasping science concepts, and decoding meaning in literary works require taking the
suppositional stance and organizing information according to general principles. This
stance requires differentiating between concepts in their resistance to understanding
and thus working on ad hoc self-regulated learning strategies (Capon, & Kuhn, 2004).
Thus, thinkers may transform an advantage in task-specific self-evaluation into an
advantage to tune their cognitive strengths with the demands on abstraction imposed
by concepts; hence, their extra value as predictors of academic performance.

Gaps Between Individual Development and Educational Demands



Not all children function at the modal level expected according to their age.
Therefore, gaps often exist between individual possibilities and demands of learning
tasks associated with typical age levels. Gaps reflect deviations between concepts and
skills prescribed for learning for a specific population and the readiness of individuals
in this population to cope with the demands of these concepts and skills. These gaps
are often related to major transitions between education levels, such as the transition
from preschool to primary school, from primary to secondary, or from secondary to
tertiary education. Also, there may be gaps at transitions of smaller scale, such as the
progression from one school grade to the next. Individuals delaying the consolidation
of the dominant profile of each school level would not follow the pace of learning in
the classroom.

For instance, individuals delaying in preschool to master attention control and
awareness involving visual and phonological information would face difficulties in
learning skills which are central in this period. Evidence shows that attention and
awareness of language-related information are important for learning to read and
write. Deficiencies in control of attention allowing systematic spatial search and
orienting at the early stages of reading hinder learning to read even after 1Q,
hyperactivity, and other behavioral problems are controlled (Franceschini et al., 2012;
Rabiner & Coie, 2000). Representation of magnitude and awareness of the relations
between magnitudes and number names are important for learning arithmetic.
Difficulties in numerosity coding hindering mapping symbols onto representations of
quantities would make counting difficult, as counting words would lack the exact
representations to be associated with (Butterworth, 2010). In turn, these difficulties
relate to attention control and phonological awareness (Clark et al., 2010). Special

diagnostic tools must target these processes.



Later in primary school, not all children progress at the same rate in mastering
inferential processes and working memory management in integrating new knowledge
with extant knowledge. Many children lack the representational precision in mentally
integrating representations at the micro-time required, probably in the range of days.
In early primary school, some students fall back on the representational awareness
necessary to identify representations of relevance to learning tasks and manipulate
them to process their relations. In later primary school students face difficulties in rule
abstraction and rule use in integrating representations. For instance, they face
difficulty in generalizing arithmetic rules across levels, such as applying the same rule
on numbers of increasing magnitude (e.g., tens, hundreds, etc.) or kind (e.g., integers
vs. fractions).

A gap also exists for a relatively large number of students in the transition from
primary to secondary school (Demetriou, 2020). According to the results of the
Program of International Student Assessment (PISA, 2012), about 20% of junior
secondary school lack the necessary abstraction skills needed to identify the main idea
of a text, apply algorithms to solve simple mathematical problems, interpret simple
observations and design-controlled experiments to specify the cause of phenomena.
These students have difficulties in generating principles by concatenating rules into
higher-level rules, they are not aware of their difficulties, and they do not have the
motivation to work to build these skills.

Educational Implications

These considerations bear implications for school evaluation and the mental

strengthening of students: both must be adapted to the developmental/educational

level of students.



Evaluation. An evaluation must be able to diagnose the strengths and
weaknesses of students according to their developmental level. In preschool, a
cognitive evaluation must focus on precisely mapping executive control and
representational awareness processes (see Zelazo et al., 2003) to capture possible
weaknesses in processes related to school-important learning, such as reading/writing
and arithmetic learning. These processes must be especially targeted by diagnostic
tools addressed to this age phase. Later, in primary school, a diagnosis must be able to
identify problems in the awareness and relational integration processes which were
left over from preschool and focus on the command of representational integration
needed in inductive reasoning and working memory. In secondary school, a diagnosis
must focus on uncovering problems in the command of higher forms of deductive
reasoning and the refinement of self-monitoring and self-representation processes
according to the school subject.

Cognitive training. There is extensive research examining if cognitive training
increases cognitive ability and if gains generalize to school learning. There is general
agreement that cognitive training does succeed to cause near transfer gains, but it is
disputed if it can cause far-transfer gains: training improves performance to non-
trained cognitive tasks like the tasks trained but these gains do not generalize to non-
related tasks, derived from changes in general cognitive abilities (Sala & Gobet, 2019;
Smid et al., 2020). It is beyond the present concerns to delve into this literature.
However, the lack of consistent far-transfer gains is to be contrasted with the
consistent findings that education does change Gf by about 1-5 additional 1Q points
for each extra year spent at school (Ritchie & Tucker-Drob, 2018). The reason may be
that education lasts for years, affecting successive cognitive profiles expressed in g.

By implication, far transfer may affect g sustainably only if training addresses phase-



important cognitive processes, such as attention control in preschool, relational
thought in primary school, and cognizance and logical awareness in secondary school,
which contribute to the formation of g in each phase (Demetriou & Spanoudis, 2018).

Evidence is supportive. Specifically, training attention control in 5-year-old
children enabled them to activate the executive attention network faster and more
efficiently than untrained children several months after training, which transferred to
fluid intelligence (Rueda et al., 2012). Gizzonio et al. (2021) trained 4-year-old
preschoolers on age-appropriate tasks simultaneously focusing on visuospatial,
narrative, and motor abilities and fluid reasoning. They reported domain-specific
gains of training but also transfer to working memory and mathematical reasoning
skills.

Training working memory in 11-12 years old children improved the processes
trained and transferred to school performance in English and mathematics (Holmes &
Gathercole, 2014), a proxy of g (Jensen, 1998). Training attention control and
working memory in later years did not transfer to relational processes nor does it
increase g (Melby-Lervag, 2016; Sala & Gobet, 2020; Shipstead et al., 2016).
However, training relational integration (Klauer & Phye, 2008; Papageorgiou et al.,
2017; Shayer & Adey, 2002; Shayer & Adhami, 2007; Vanikainen & & Hautamaki,
2020) and awareness and modeling deductive reasoning schemes (Christoforides et
al., 2016) in late childhood and adolescence did improve reasoning and transferred to
attention control and working memory. In conclusion, cognitive training is not
universally effective. It is effective if it specifically targets processes central to the
formation of g in the developmental phase involved. Also, in terms of the multiple
Languages of Thought model (outlined in the introduction), transfer of learning would

require learning to specifically focus on the specificities of the rules, principles, and



constraints as implemented in each domain. This would have to extend from each
domain-specific LoT to its implementation in the curricula of different school
subjects, such as mathematics, science, language, social understanding, etc.

There is extensive discussion of the role of ‘learning to learn’ and self-regulated
learning (Dignath et al., 2008; Digmath and Veenmath, 2021). The present theory, in
combination with the findings summarized above, suggests that training programs
addressed to self-regulated learning must be tuned to the developmental priorities of
successive phases to be successful. In preschool, self-regulated learning requires
awareness of attention processes and their relations with perception as a source of
knowledge. It also requires one to be able to direct attention to perceptions of interest,
inhibit turning to interesting or attractive stimuli that are not relevant, and think about
the relationship between perceptions and representations. Knowing that mentally
restoring episodic sequences of interest and talking about them enhances
understanding and retention. In primary school, self-regulated learning requires
focusing on relations between representations, varying them and choosing relations as
inclusive as possible for representations of interest. Such learning also requires an
understanding that covert attention on representations is the equivalent of overt
attention on perceptions. Finally, self-regulated learning requires an understanding
that relations not well integrated may be forgotten. These considerations apply
especially to average-ability students. These students must be guided to understand
the limitations of rule-based thought and be reflective on their successes and failures
so that they may take compensatory action accordingly. Special programs must focus
on learning skills that facilitate the depth of information processing and understanding

at several levels in a text (e.g., Catrysse et al., 2018).



In secondary school, self-regulated learning requires an understanding that
abstracting principles involves a systematic and exhaustive search of assumptions
standing for possible rules and that there may always be evidence against a principle.
It also requires understanding that some types of relations are easier to grasp and
elaborate upon due to differences in the facility of representing different types of
representations standing for specific relations. Thus, education must enable
adolescents to construct accurate self-representations about their cognitive and
personality profiles; this would enable them to embark on appropriate choices and
acquire problem-solving strategies and interests tuned to their profile to maximize the
output of their activity.

Special attention should be given to individualizing these programs according to
the level of the individual student. We remind that the relative influence of the various
processes varies with the level of ability. In low-ability individuals, only Gf counted.
Even small differences in cognitive ability among low-ability individuals result in
differences in school learning. At this level of ability, cognizance was not a predictor
of school learning and personality did not count. Perhaps, the education of low-ability
students may need to develop the skills lacking: mental awareness and self-regulation,
and self-management that would allow for better use of available cognitive
competence. In average-ability individuals, all factors (cognitive ability, cognizance,
and personality) are counted equally. At this level, the cognitive competence available
is enough for school learning if used systematically. Strengthening inferential abilities
may be needed at the middle level, which would allow more systematic learning. In
high-ability individuals, it is “yours to lose” (Gottfredson, 2002), because the ability
needed for complex learning is available. However, some self-representations and

conscientiousness did count; excellence in self-awareness together with commitment



to long-term goals at this level of ability reflect efficiency in investing available
ability for the sake of school learning. At this top level of ability, building
epistemological awareness and investment in the learning of concepts and skills
requires high levels of abstraction (and, thus, high levels of g)—e.g., mathematics—
may help direct the choices of learning paths for demanding subjects, such as STEM
disciplines (Coyle, 2018). Helping over-optimistic individuals to come down to earth
may be helpful for their overall developmental prospects. Alternatively, it would be
helpful for high-ability students to know that their high ability is not always enough
for success at school; often sustained effort and long-term organization is needed to
fully capitalize on the ability and talent available.

Unresolved Issues for Future Research

This theory focused on cognitive and personality processes in development. Its
power to predict real-life outcomes and inform practice would be increased if it would
integrate brain, genetic, motivational, and social mechanisms into its postulates. Here,
we only hint at this integration, ideally explicating how the AACog mechanism
functions, from perception through high-level reasoning and problem-solving
hierarchies (Spanoudis & Demetriou, 2020).

On the one hand, genetic differences in specific aspects of the genome account
for 7-10% of individual differences in intelligence (von Stumm & Plomin, 2021). We
must show that these differences are related to differences in the functioning of the
AACog mechanism in the brain. Neural variability is an important aspect of how the
brain represents the environment (Waschke et al., 2021). Perception is based on a gain
control mechanism involving variation, search, and integration processes (Buzsaki,
2019). How is this variability related to the information variability, search, and

abstractions implemented by AACog? Does multimodal perception produce multiple



object representations across senses and brain regions (Nanay, 2018)? How are
abstractions affected across them converging to a common representation? How is
this meta represented as a novel mental object (Ferguson & Cardin, 2020; Gomex-
Ocadic et al., 2021; Guimardes et al., 2021). Presumably, initial genetic differences
guiding the structural and functional formation of brain mechanisms, such as density
of neuronal networks, neurotransmission, and oscillatory interactions between
regions, are reflected in individual differences in the investment of AACog into
reasoning patterns associated with developmental priorities in the formation of g.

On the other hand, the variation, search, abstract, and cognize processes are
related to environmental influences framing learning. Setting goal structures for
learning tasks is affected by one’s school and family goal culture, to degrees varying
with age (Gonida et al., 2009, 2014). In turn, these factors interact with social factors
such as the socioeconomic and educational level of the parents. An initial advantage
of SES facilitates attitudes, motivation, and work habits related to school learning,
regardless of cognitive potential (Figlio et al., 2017). Low SES students benefit from
training directed to mindset attitudes to cognitive change more than high SES, better
tuning their learning activities to school demands (Sisk et al., 2018; Yeager et al.,
2019). Further study of these assumptions would be useful.
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SUPPLEMENTARY MATERIAL

STUDY 1

Table 1. Correlation matrix of all variables used in Study 1 (N=57).

Variables 1 2 3 4 5 6 7 8 9 10 1
1. Attention 1 1

2. Attention 2 0.315 1

3. Word recall 0.382 0.336 1

4. Digit recall 0458 0.405 0.792 1

5. Perc aware 0.317 0.363 0.492 0.468 1

6. Infer aware 0.418 0.19 0311 04 0.187 1

7. Simil aware 0.398 0.245 0.282 0.403 0.182 0.099 1

8. Diff aware 0.345 0.188 0.258 0.394 0.185 0.018 0.141 1

9. Deductive -0.035 0.054 0.209 0.15 0.119 -0.023 0.083 0.156 1

10. Inductive 0.099 0.115 0.149 0.233 0.093 0.111 0.174 0.208 0.041 1

11. Lang school 0.421 0.312 0.463 0.617 0.299 0.11 0.367 0.535 0.195 0.378 .
12. Math school  0.46 0.436 045 0.626 0.347 0.153 0.461 0554 0.234 0423 O.
Mean -1.735 -2.887 7589 7.929 1643 1625 1.244 1631 5.482 8.679 5.6
S.D. 0.258 0.745 2.782 3990 1.086 1.121 0.788 0.808 2.063 2.090 O0.€

Note: Perc aware=Perceptual awareness; Infer aware=Inferential awareness; Simil
aware=Similarity awareness; Diff aware=Difficulty awareness;

Lang=Language; Math=Mathematics.



Table 1A. Full model including all processes in Study 1 (asterisks indicates free loadings to be
estimated; lack of loading indicates loadings fixed to 1).

STANDARDIZED SOLUTION: R-SQUARED
ATT1 =V5 = .620 F1 + .785 E5 .384
ATT2 =v7 = .535*F1 + .845 E7 .286
WORD =V1l = .7960 F2 + .605 E11 .634
DIGIT =V12 = .995*F2 + .104 E12 .989
PERC A =V15 = .534 F31 + .845 E15 .286
INFER A =V16 = .404*F31 + .915 El6 .164
SIMIL A =V27 = .499 F32 + .867 E27 .249
DIFF A =V29 = .566*F32 + .824 E29 .320
DEDUCT =V38 = .247*F4 + .969 E38 .061
INDUCT =V40 = .533 F4 + .846 E40 .285
LANG =V55 = .940 F20 + .342 E55 .883
MATHS =V56 = .999*F20 + .035 E56 .999
ATTENT =F1 = .980*F100 + .198 D1 .961

WM =F2 = .838*F100 + .545 D2 .702

GF =F4 = .521*F100 + .854 D4 L271

GAP =F20 = .749*F100 + .410*D4 + .038 D20 + .519*D32 .999

PIA =F31 = .999*F100 + .054 D31 .997

ACP =F32 = .857*F100 + .515 D32 .735

Note: terms as in Note under Fig. 1; also, WM=working memory; PIA=perceptual-inferential
awareness; ACP=awareness of cognitive processes.

In the code of EQS, F, E, and D stand for factors, measurement error, and factor residuals; asterisks
stand for free loadings to be estimated. Lack of an asterisk indicates a relation fixed to 1.

Model fit: Sattora-Bentler Scaled Chi-square = 47.79, Df = 50, p =.56, CFI=1.00, RMSEA =.00 (Cl=
.00-.08).

Cronbach’s alpha (for the variables included in the model) =.76

Reliability coefficient Rho = .89



STUDY 2

Table 2. Correlation matrix of all variables used in Study 2 (N=196).

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1.WM Vis 1

2. WM Num 0.328 1

3. WM_Verb 0.321 0.537 1

4. Stroop Vis Com -0.011 -0.247 -0.262 1

5. Stroop Vis Inc -0.052 -0.287 -0.246 0.762 1

6. Stroop Num Com -0.014 -0.257 -0.225 0.725 0.646 1

7. Stroop Num Inc 0.047 -0.236 -0.199 0.731 0.674 0.763 1

8. Stroop Verb Com  -0.046  -0.328 -0.275 0.569 0.599 0.695 0.667 1

9. Stroop Verb Inc 0.032 -0.242 -0.203 0.599 0.588 0.662 0.702 0.726 1

10. Shift Vis -0.219 -0.276  -0.09 0.188 0.177 0.064 0.171 0.236 0.093 1

11. Shift Num -0.28 -0.266 -0.24 0.281 0.295 0.162 0.278 0.268 0.152 0.608 1

12. Shift Verb -0.096 -0.327 -0.275 0.148 0.171 0.135 0.157 0.172 0.146 0.461 0.375 1

13. DCCS MR -0.213  -0.32 -0.154 0.095 0.153 0.049 0.079 0.073 0.034 0.293 0.332 0.322 1

14. DCCS PR -0.246  -0.202  -0.242 0.199 0.067 0.154 0.12 0.125 0.035 0.159 0.274 0.076 0.161 1

15. Vocabulary 0.228 0.457 0.317 -0.406  -0.362 -0.384 -0.415 -0.303 -0.34  -0325 -0.441 -0.172 -0.247 -0.319 1

16. Written lang 0.244 0.5 0.352 -0.564  -0.529 -0.479 -0.548 -0.47  -0437 -0.361 -0.408 -0.287 -0.311 -0.307 0.691 1
17. Oral lang 0.274 0.548 0.402 -0.437 -0.375 -0412 -0422 -0403 -0.333 -0.408 -0.467 -0.197 -0.275 -0.347 0.763 0.733
18. Reason R1 0.257 0.399 0.265 -0.413 -0.319 -0.325 -0.344 -0.284 -0.272 -0.248 -024  -0.193 -0.318 -0.232 0.573 0.62
19. Reason R2 0.283 0.453 0.274 -0.38 -0.32 -0.324 -0.386 -0.343 -0.316 -0.299 -0.362 -0.205 -0.233 -0.279  0.589 0.664
20. Reason R3 0.178 0.38 0.258 -0.501  -0.399 -0.38 -0.477 -0419 -0392 -0.345 -0.383 -0.296 -0.396 -0.252  0.595 0.709
21. Reason P1 0.085 0.356 0.167 -0.477  -0.399 -0.383 -0.46 -0.414 -0.393 -0.243 -0.29 -0.179  -0.189 -0.223  0.561 0.618
22. Reason P2 0.116 0.284 0.162 -0.386  -0.303 -0.336 -0.384 -0.236 -0.308 -0.316 -0.259 -0.18 -0.168 -0.18 0.541 0.513
23. Reason P3 0.164 0.288 0.18 -0.267  -0.207 -0.155 -0.194 -0.145 -0.179 -0.255 -0.288 -0.193 -0.155 -0.235 0.374 0.478
24. Cogn_R1 0.139 0.274 0.112 -0.36 -0.169 -0.211  -0.219 -0.13  -0.196 -0.177 -0.198 -0.179 -0.17 -0.113  0.428 0.421
25. Cogn_R?2 0.117 0.345 0.161 -0.359  -0.172 -0.221 -0.275 -0.193 -0.254 -0.174 -0.227 -0.181 -0.07 -0.163  0.465 0.444
26. Cogn_R3 0.071 0.259 0.144 -0.429 -0.249 -0.265 -0.319 -0.208 -0.271 -0.221 -0.217 -0.212 -0.211 -0.113  0.452 0.476
27. Cogn_P1 0.039 0.048 0.054 -0.105 -0.138 -0.024 -0.053 -0.085 -0.022 -0.046 -0.127 -0.029 -0.273 -0.02 0.103 0.202
28. Cogn P2 0.114 0.14 0.124 -0.048 -0.12 -0.067 -0.11 -0.087 -0.07  -0.103 -0.143 -0.124 -0.281  0.006 0.184 0.191
29. Cogn P3 0.161 0.158 0.11 -0.07 -0.149 -0.032 -0.068 -0.046 -0.041 -0.11  -0.167 -0.142 -0.267 -0.096  0.146 0.256
30. Mathematics 0.125 0.29 0.21 -0.201 -0.124 -0.082 -0.079 -0.169 -0.039 -0.121 -0.204 -0.063 -0.166 -0.242  0.345 0.358
31. Language 0.054 0.301 0.273 -0.272  -0.142 -0.169 -0.147 -0.223 -0.092 -0.152 -0.206 -0.123 -0.085 -0.207 0.371 0.394
32. Science 0.128 0.347 0.254 -0.255 -0.179 -0.189 -0.159 -0.238 -0.069 -0.157 -0.279 -0.13 -0.158  -0.232  0.407 0.391
Mean 4.7059 4.2484 46797 1.4689 14921 13519 13339 1.262 1.325 0.7908 0.5033 1.6209 0.9739 0.8301 0.7961 1.1423
S.D. 2.0707 0.9409 0.7579 0.4083 0.3722 0.3702 0.3147 0.3427 0.319%4 1.37 1.0268 15936 1.3126 1.1964 0.3377 0.4808




Note: WM=Working memory; Vis=Visual; Num=Numerical; Verb=Verbal; Com=Compatible; Inc=Incompatible; DCCS=Dimensional change card sorting; lang= Language;
Reason=Reasoning; R=Rule-based reasoning; P=Principle-based reasoning; Cogn=Cognizance.

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
17. Oral lang 1

18. Reason R1 0.582 1

19. Reason R2 0.641  0.608 1

20. Reason R3 0579 0578  0.652 1

21. Reason P1 0508 0.499  0.566 0.705 1

22. Reason P2 0482 0.487  0.476 0.592 0.632 1

23. Reason P3 039 0.393  0.683 0.455 0.362  0.278 1

24. Cogn_R1 0.391 0.653 0.39 0.434 0.335 0.42 0.282 1

25. Cogn_R2 0466 0.385  0.655 0.457 0.385  0.348 0.474 0.65 1

26. Cogn_R3 0.444 0387  0.396 0.696 0.487 0.454 0.29 0.679 0.698 1

27. Cogn_P1 0.153  0.15 0.116 0.192 0.358 0.164 0.023 0.104 0.074 0.193 1

28. Cogn P2 0.189 0.164  0.169 0.167 0.189 0.387 0.017 0.139 0.088 0.147 0.66 1

29. Cogn P3 0212 0.157  0.333 0.169 0.074  0.019 0.415 0.103 0.19 0.129 0.574 0.58 1

30. Mathematics 0445 0205 0.221 0.253 0.245  0.156 0.146 0.141 0.128 0.143 0.022 -0.08 -0.042 1

31. Language 0499 0203 0272 0.265 0269  0.156 0.133 0.159 0.209 0.195 0.057 -0.084  -0.013 0.808 1

32. Science 0493 0214  0.322 0.309 0.338  0.203 0.178 0.12 0.216 0.165 0.099 -0.019  -0.009 0.83 0.826 1
Mean 0.637 0.0454 -0.037 0.0357 -0.0017 0.0362 -0.0014 0.0044 -0.0484 -0.0102 -0.0139 -0.0297 -0.049 -0.049 -0.0427 -0.0065
S.D. 0.161 0.9541 0.9925 09954 1.0058 1.005 09494 06127 06046 0.6429 0.7756 0.8535 0.842 1.012  1.0117  1.0022




Model fit: Sattora-Bentler Scaled Chi-square = .1650, Df = 446, p =1.00, CFI=1.00, RMASE =.00
(CI=.00-.07).

Cronbach’s alpha (for the variables included in the model) = .59

Reliability coefficient Rho = .83

STANDARDIZED SOLUTION (Symbols as in Fig. 2).

R-SQUARED
WM VI =V7 = .410%*F3 + .912 E7 .168
WM NU  =V8 =  .784%*F3 + .620 E8 .615
WM_VE  =V9 = .698 F3 + .716 E9 .487
ST VI C =V10 =  .838*F1 + .545 E10 .702
ST VI _IN=V11 =  .795%F2 + .607 E11 .632
ST Q C =vi2 = .850 F1 + .527 E12 .723
ST Q IN =V13 =  .873 F2 + .487 E13 .762
ST VE C =V14 =  .780*F1 + .626 El4 .608
ST VE_IN=V15 =  .781%F2 + .625 E15 .610
SHIFT VI=V16 = .760 F22 + .650 E16 577
SHIFT O =V18 =  .790%F22 + .614 E18 .623
SHIFT VE=V20 = .544*F22 + .839 E20 .296
DCCS MR =V22 =  .429%F22  + .904 E22 .184
DCCS_PR =V23 =  .281*F22 + .960 E23 .079
WISC_V =V38 =  .827 F5 + .563 E38 .683
WRIT L =V39 =  .869*F5 + .495 E39 .755
ORAL L =V40 = .B62*F5 + .507 E40 .743
GF Rl =V131 = .722*F41 + .691 E131 .522
GF_R2 =V132 = .801 F41 + .599 EI132 .641
GF_R3 =VI33 = .846*F41 + .533 E133 .716
GF_P1 =V134 = .776*F42 + .630 E134 .603
GF P2 =V135 = .692 F42 + .722 E135 .479
GF_P3 =VI36 = .563*F42 + .826 E136 .317
Cogn Rl =V173=  .786 F61 + .618 E173 .618
Cogn R2 =V174=  .818*F61 + .575 E174 .670
Cogn R3 =V175=  .861*F61 + .509 E175 .741
Cogn_P1 =V176=  .802 F62 + .597 E176 .644
Cogn_P2 =V177=  .818*F62 + .575 E177 .669
Cogn_P3 =V178=  .716*F62 + .699 E178 .512
MATHS =v237 = .900 F100 + .436 E237 .810
LANG  =v238 =  .898*F100 + .439 E238 .807
SCIENCE=V239 =  .922*F100 + .387 E239 .850
SPEED =F1 = 1.000*F10 + .000 D1 1.000
CONTROL =F2 = 1.000*F10 + .000 D2 1.000
WM =F3 = -.405%F10 + .914 D3 .164
VERB_IQ =F5 = .910 F200 + .414 D5 .828
EFF  =F10 = =-.626%¥F200 + .780 D10 .392
GF  =F20 = .990%F200 + .140 D20 .980
FLEX =F22 = .349 F10  + .937 D22 122
COGN =F30 = 1.000%F200 + .000 D30 1.000
GF1  =F41 = 1.000%F20 + .000 D41 1.000
GF2  =F42 =  .982*F20 + .187 D42 .965
Cogn R =F61 = .722 F30 + .692 D61 .521
Cogn P =F62 = .310%*F30 + .951 D62 .096

GAP ~ =F100 =  .291%F200 + .657*D5 + .013*D10  + .522%D20
+ .000%D30  + .459 D100 .789



STUDY 3

Table 3. Correlation matrix of all variables used in Study 3 (N=408).

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1.Algebra L1 1

2. Algebra L3 0.362 1

3. Math Anal L1 0.258 0.363 1

4. Math Anal L3 0.07 0.22 0.217 1

5. Experim L1 0.01 0.089 0.013 0.074 1

6. Experim L2A 0.26 0.351 0.352 0.221 0.094 1

7. Experim L2B 0.289 0.377 0.309 0.186 0.056 0.338 1

8. Experim L2C 0.174 0.346 0.276 0.22 0.109 0.314 0.364 1

9. Experim L3 0.188 0.35 0.232 0.213 0.021 0.289 0.243 0.32 1

10. Social L1A 0.182 0.234 0.201 0.158 0.003 0.199 0.297 0.177 0.165 1

11. Social L1B 0.167 0.175 0.246 0.165 -0.035 0.218 0.261 0.24 0.116 0.282 1

12. Social L2A 0.044 0.096 0.172 -0.005 -0.04 0.086 0.076 0.044 0.015 0.036 0.091 1

13. Social L3A 0.167 0.214 0.195 0.045 0.098 0.158 0.096 0.079 0.206 0.069 0.109 0.127 1

14. Rotation 1 0.03 0.132 0.186 0.075 0.043 0.128 0.124 0.021 0.069 0.029 0.055 0.157 0.129 1

15. Rotation 2 0.04 0.114 0.127 0.08 -0.041  0.088 0.059 0.171 0.264  -0.044 0.019 0.084 0.131 0.013 1

16. SC Speed -0.057 -0.022 0.018 0.028 -0.033 0.056 -0.029  0.045 0.061 0.006 0.015 0.06 -0.012  -0.038  0.052 1
17. SC Logic 0.036 0.149 0.146 0.074 0.033 0.116 0.167 0.093 0.104 0.2 0.123 0.136 0.093 0.097 -0.02 0.387
18. Greek 0.236 0.357 0.331 0.298 0.064 0.329 0.336 0.327 0.315 0.316 0.247 0.145 0.175 0.167 0.006 0.033
19. Science 0.238 0.325 0.286 0.218 0.056 0.317 0.213 0.212 0.22 0.305 0.163 0.168 0.192 0.214 0.026 0.054
20. Mathematics 0.2 0.243 0.249 0.234 0.08 0.244 0.192 0.215 0.245 0.257 0.175 0.146 0.12 0.191 0.036 -0.012
21. SE QUA_Pre 0.297 0.391 0.345 0.278 0.079 0.341 0.34 0.256 0.242 0.207 0.2 0.081 0.13 0.202 0.083 0.065
22. SE QUA Post 0.394 0.451 0.39 0.249 0.047 0.408 0.375 0.259 0.298 0.216 0.209 0.08 0.145 0.155 0.14 0.161
23. SE EXP Pre 0.056 0.174 0.148 0.15 0.012 0.153 0.132 0.177 0.162 0.148 0.136 0.033 0.076 0.172 0.098 0.11
24. SE EXP_Post 0.098 0.171 0.067 0.103 0.038 0.109 0.147 0.138 0.236 0.004 0.034 -0.003 -0.011 0.11 0.122 0.231
25. SE SOC Pre 0.132 0.135 0.091 0.158 0.008 0.235 0.214 0.138 0.132 0.156 0.118  -0.095 0.13 -0.044  0.044 0.144
26. SE SOC Post -0.005  0.117 0.06 0.059 -0.001  0.093 0.029 0.03 0.082 -0.021 0.04 0.127 0.225 0.046 0.089 0.24
27.SE ROT_Pre 0.053 0.151 0.189 0.121 0.044 0.118 0.114 0.106 0.176 0.147 0.186 0.01 0.045 0.08 0.073 0.172
28. SE ROT Post 0.063 0.091 0.072 0.036 0.015 0.037 0.011 0.016 0.098 -0.011 -0.005 -0.056 0.03 0.213  -0.012 0.205
29. SC Maths -0.114  -0.005 -0.009 0.134 0.033 -0.056 -0.062 0.053 -0.011 0.067 0.018 0.098 0.009 0.163 -0.01 0.351
30. SC Science -0.008  0.151 0.042 0.034 -0.039  0.083 0.04 0.108 0.072 0.034 0.082 0.052 -0.001 0.097 0.101 0.379
31. SC Social 0.042 0.158 0.143 0.006 0.002 0.111 0.127 0.171 0.122 0.136 0.199 0.022 0.066 0.05 0.086 0.307
32. SC Spatial 0.009 0.107 0.01 -0.022  -0.044  0.067 0.085 0.033 0.004 0.019 0.048 0.018 0.067 0.108  -0.022 0.317



Mean 0.7601 0.3925 0.514 0.5701 0.0156 0.5234 0.7445 0.215 0.271 0.5857 0.1246 0.7477 0.8224 1.7477 0.1745 5.3352
S.D. 0.4277 0.4891 0725 0.6141 0.1471 0.7666 0.8679 0.5705 0.6553 0.607 0.3751 0.9195 0.8457 0.6189 0.448  1.0733
Variables 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

17. SC Logic 1

18. Greek 0.277 1

19. Science 0.222  0.807 1

20. Mathematics 0.232 0.79 0.774 1

21. SE QUA Pre 0.144  0.238 0.191 0.232 1

22. SE QUA Post 0.216 0.3 0.263 0.214 0.619 1

23. SE EXP Pre 0.23 0.188 0.158 0.195 0.525 0.316 1

24. SE EXP Post 0.087  -0.021 -0.026 -0.043 0.336 0.49 0.274 1

25. SE SOC Pre 0.287  0.231 0.185 0.149 0.239 0.169 0.308 0.106 1

26. SE SOC Post 0.176  0.061 0.044 0.011 0.182 0.388 0.153 0.51 0.164 1

27. SE ROT Pre 0.113  0.145 0.116 0.136 0.307 0.292 0.303 0.248 0.154 0.211 1

28. SE ROT Post 0.099  -0.037 -0.045 -0.012 0.31 0.334 0.311 0.418 0.077 0.32 0.265 1

29. SC Maths 0.342  0.123 0.157 0.223 0.243 0.146 0.306 0.157 0.115 0.113 0.212 0.154 1

30. SC Science 0498  0.127 0.142 0.096 0.114 0.14 0.245 0.131 0.188 0.1 0.104 0.171 0.392 1

31. SC Social 0.385  0.105 0.06 0.043 0.264 0.202 0.265 0.15 0.222 0.103 0.204 0.079 0.264  0.539 1

32. SC Spatial 0.385  0.104 0.05 0.045 0.184 0.21 0.253 0.21 0.205 0.21 0.267 0.153 0.329  0.427 0.519 1
Mean 5.6521 0.0117 -0.0146 -0.0275 4.4283 4.7741 4.215 3.8925 54875 53115 52305 5.7321  4.4827 51667 4.9174 5.1231
S.D. 1.3223 1.0004  0.9951 0.9956 15149  1.638 1.704 1.6864 14442 14549 16288 12061 1.3567 1.018 1.0985 1.1351

Note: L=difficulty level; Math anal=mathematical analogies; Experim=experimental reasoning (isolation of variables); SC=self-concept; SE=self-evaluation;
QUA=quantitative; EXP= experimental; SOC=social; ROT=rotation; Pre=pre-performance evaluation; Post=post-performance evaluation.






STANDARDIZED SOLUTION: R-SQUARED
Model fit: Sattora-Bentler Scaled Chi-square = 960.775, Df = 448, p =.00, CFI=.82, RMASE =.06 (Cl=.055-.065).
Cronbach’s alpha (for the variables included in the model) = .84

Reliability coefficient Rho = .88

AALGL =V7 = .456 F51  + .890 E7 .208
ARLG3  =V8 = .651*F51 + .759 E8 .424
APROD1 =V9 = .570*F51 + .821 E9 .325
APROD2 =V10 = .383*F51  + .924 EI10 .147
AEXPL  =V11 = .108 F52 + .994 El1 .012
AEXP2A =V12 = .598*F52  + .801 E12 .358
AEXP2B  =V13 = .588*F52  + .809 E13 .346
AEXP2C =V14 = .543*F52  + .840 El14 .295
AEXP3  =V15 = .503*F52 + .865 E15 .253
ASOCIA =V16 = .471 F53 + .882 E16 .222
ASOC1C =V18 = .461*F53  + .887 E18 .213
ASOC2A =V20 = .191*F53  + .982 E20 .036
ASOC3A =V22 = .306*F53  + .952 E22 .094
AROT1  =V24 = .239 F54  + .971 E24 .057
AROT2  =V25 = .177*F54  + .984 E25 .031
SC_MEFF =V52 = .449 F22  + .894 E52 .201
SC LOG =V53 = .862%F22  + .506 E53 .744
GR  =V90 = .925 F4 +  .381 E90 .855
PHYS  =V91 = .881*F4 +  .473 E91 .776
MATHS =V92 = .860%F4 + .510 E92 .740
SE_QUA P=V142= .835 F31  + .550 E142 .697
SE_QUA M=V143= .887 F32  + .462 E143 .786
SE_EXP_P=V146= .608*F31  + .794 E146 .370
SE_EXP M=V147= .559*F32  + .829 E147 .312
SE_SOC_P=V150= .344*F31  + .939 E150 .119
SE_SOC M=V151= .423*F32  + .906 EI151 .179
SE_ROT P=V154= .417*F31  + .909 E154 .174
SE_ROT M=V155= .423*F32  + .906 E155 .179
SC_MATH =V167= .458 F2 + .889 E167 .209
SC_EXP N=V168= .694%F2 + .720 E168 .481
SC_SOC  =V169= .758%F2 +  .652 E169 .574
SC_SPAT =V170= .664%F2 +  .748 E170 .441
GF SR =F2 = .454*F10  + .891 D2 .206
GAP =F4 = .221*F10  + .016*D2 + .564 D4 +  .274%D22
+ .306*D31 + .140*D32 + .667*D50 .682
F22 =F22 = .393*F10  + .920 D22 .154
SE PRE =F31 = .893*F10  + .450 D31 .797
SE_POST =F32 = .866*F10  + .500 D32 .750
GF =F50 = .752 F10 + .659 D50 .566
QUANT =F51 = 1.000 F50 + .000 D51 1.000
EXPER  =F52 = .932*F50  + .362 D52 .869
SOCIAL =F53 = .831*F50 + .556 D53 .691
ROTAT =F54 = 1.000*F50 + .000 D54 1.000



STUDY 4

Table 4. Correlation matrix of all variables used in Study 4 (N=689).

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Letter rot 1

2. Folded paper 0.228 1

3. Clock rot 0.225 0.287 1

4. Exper 1 0.128 0.277 0.2 1

5. Exper 2 0.253 0.261 0214 0.222 1

6. Exper 3 0.163 0211 0.164 0.237 0.259 1

7. Raven-like 0.299 0.254 0252 0225 0.292 0.217 1

8. Verbal anal 0.12 0.264 0233 0239 0366 0252 0.402 1

9. Categor Reas 0.063 0.12 0.117 0.148  0.155 0.041 0.158 0.114 1

10. Syllog Reas 1 0.144 0296 0.201 0.207 0.296 0.206 0.252  0.329 0.152 1

11. Syllog Reas 2 0.188 0234 0274 0236 0269 0275 0294 0.297 0.141 0.366 1

12. Algebra 0.253 0.288 0.26 0297 0347 0327 0.345 0.32 0.219 0.324  0.357 1

13. Arith operations 0.222 0248 0253 0245 0254 0175 0.282 0.261 0.194 0.272  0.303 0.424 1

14. Num analogies 0.15 0.292 0.262 0.29 0.207 0.218 0311 0.352 0.2 0.293  0.326 0.472 0.404 1

15. Maths Conc Und 0.17 0.192 0237 029 0262 0203 0.248 0.257 0.195 0.27 0.268 0.339 0.307  0.301 1

16. Maths learn speed  0.151 0.163  0.209 0.3 0.216 0.174 0215 0.225 0.171 0.243  0.236 0.302 0.285 0.275 0.947 1
17. Maths using conc 0.165 0.183 0.241 0277 0223 0.168 0.223 0.23 0.174 0.257 0.26 0.334 0.323 0.299 0912 0.917
18. Maths perform 0.165 0.167 0.228 0.26 0.216  0.175 0.251  0.247 0.174 0.265  0.294 0.348 0.351 0.307 0.897 0.914
19. Sci Conc Und 0.186 0.252 0.197 0274 0239 0239 0259 0.309 0.227 0.329  0.323 0.394 0.306  0.338 0.694 0.714
20. Sci learn speed 0.19 0251 0.174 0.274 0.24 0.245 0.23 0.279 0.21 0.317  0.303 0.371 0.296 0.34 0.696  0.741
21. Sci using conc 0.17 0.233 0.176 0263 0235 0241 0241 0.304 0.204 0.306  0.335 0.385 0292 0.332 0676 0.701
22. Efficiency 0.172 0.213 0.154 0218 0.208 0.213 0.213 0.266 0.147 0.295 0.31 0.371 0.29 0.282 0.641 0.675
23. Sci perform 0.181 0.247 0.18 0.274 0241 0.244 0254 0.288 0.209 0.317 0.322 0.397 0.311  0.337 0.677 0.708
24. Greek Conc 0.221 0.228 0.229 0.301 0.25 0.227 0292 0.323 0.284 0.312  0.326 0.423 0.377 0.343 0.612 0.595
25. Greek learn speed 0.227 0.229 0.219 0.32 0.256  0.254 0.279  0.313 0.234 0.308  0.322 0.42 0.358 0.346  0.608 0.594
26. Greek perform 0.183 0.206 0.142 0.281 0.227 0.235 0.26 0.301 0.255 0.312  0.296 0.377 0.351 0.301 0.664 0.646
27. AHelp 1 0.049 -0.049 0.022 0.005 -0.003 -0.03 -0.029 0.003 0.016 -0.01  -0.034  -0.043 0.104 -0.085 -0.072 -0.071
28. AHelp 2 0.025 -0.004 0.026 0.018 -0.006 -0.055 0.002 -0.068 0.029 -0.049 -0.042  -0.004 0.025 -0.122 -0.133 -0.113
29. A Social 1 0.059 0.059 0.031 0.037 -0.064 0.014 -0.026 -0.008 0.055 -0.055 -0.008 0.03 0.033 -0.019 -0.067 -0.074



30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45.
46.
47,
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

A Social 2

N ego

Nemo 1

N emo 2

N emo 3

El

E2

E3

E4

01

11

12

02

Corgl

C Achie 1
Corg2
Corg3

SC quant 1

SC quant 2

SC quant 3

SC quant 3
SCSci 1l

SC Sci 2

SC STM N1
SC STM N2
SC Spatial 1 vis
SC Self-mon G
SC Self-mon B
SC Self-mon T
SC Social 1
SC Social 2
SC Social 3
SC verbal 1

0.075
-0.036
-0.073
-0.065
-0.079
-0.097
-0.006
-0.026
-0.143
0.037
0.029
-0.019
0.013
-0.082
-0.082
-0.02
0.034
0.144
0.157
0.054
0.009
0.098
0.006
-0.021
0.047
-0.038
0.033
0.042
0.006
0.046
0.048
-0.004
-0.049

-0.001
-0.031
-0.064
-0.005
-0.099
-0.084
-0.094
-0.061
-0.043
0.089
0.052
0.101
0.059
-0.102
-0.051
-0.064
-0.093
0.291
0.223
0.227
0.054
0.122
0.127
-0.041
0.016
-0.064
0.117
0.118
0.058
-0.007
-0.008
-0.06
-0.058

0.058
0.011
-0.07
0.001
-0.036
-0.03
-0.012
-0.026
-0.089
0.07
0.158
0.112
0.044
-0.046
0.04
0.082
0.075
0.256
0.178
0.23
0.097
0.118
0.159
0.035
0.008
0.054
0.06
0.008
0.087
0.015
0.018
0.035
0.047

0.009
-0.024
0.056
-0.046
0.006
-0.014
-0.033
0.083
-0.092
0.073
0.107
0.065
0.022
-0.06
0.039
-0.024
0.033
0.248
0.206
0.132
0.038
0.09
0.014
0.03
0.097
0.001
0.096
0.109
-0.001
-0.002
0.045
-0.027
0.026

-0.033
0.027
0.05
-0.065
-0.011
-0.045
-0.104
-0.038
-0.046
0.029
0.123
0.078
0.047
-0.059
-0.038
-0.014
-0.062
0.201
0.241
0.231
-0.017
0.045
0.068
0.019
0.058
0.035
0.048
0.125
0.075
0.105
0.097
0.04
-0.059

-0.042
-0.077
-0.068
-0.022
-0.003
-0.067
-0.065
0.014
-0.06
0.082
0.061
-0.007
0.037
-0.014
-0.034
-0.076

0.22
0.189
0.184

0.03
0.044
0.021
0.039

0.01
-0.02
0.045
0.123
-0.029
0.026
0.039
-0.003
-0.047

-0.025
0.014
0.011
-0.072
-0.112
-0.107
-0.016
0.046
-0.147
0.029
0.044
-0.025
0.007
-0.047
-0.023
-0.007
0.022
0.237
0.181
0.211
0.014
0.14
0.037
0.016
0.004
0.036
0.003
0.044
0.054
0.031
0.015
-0.039
-0.059

-0.038
-0.038
-0.074
-0.093
-0.029
-0.007
-0.067
-0.036
-0.09
0.106
0.14
0.113
-0.003
-0.031
-0.011
-0.077
0.02
0.236
0.209
0.186
0.039
0.086
0.089
0.05
0.023
0.041
0.071
0.178
0.036
0.062
0.069
0.078
-0.063

0.004
-0.04
0.036
-0.022
-0.074
-0.022
-0.038
0.058
-0.004
0.088
0.07
0.114
0.075
-0.01
0.015
0.068
0.011
0.119
0.122
0.121
0.056
0.114
0.123
0.082
0.017
0.023
0.063
0.023
0.016
-0.01
0.058
0.009
0.014

-0.061
-0.013
-0.006
-0.009
-0.082
-0.062
-0.066
0.005
-0.124
0.06
0.106
0.032
-0.035
-0.085
-0.045
-0.062
-0.043
0.205
0.139
0.194
0.133
0.121
0.048
0.007
-0.099
-0.052
0.05
0.096
0.027
0.001
0.056
0.036
0.008

-0.095
-0.022
-0.031
-0.038
-0.034
-0.088
-0.063
0.023
-0.15
-0.003
0.088
0.086
-0.03
-0.064
-0.024
-0.019
0.002
0.218
0.18
0.183
0.092
0.054
0.064
-0.033
0.016
0.001
0.05
0.119
0.043
-0.001
0.024
0.072
0.036

-0.039
0.005
0.04
0.022
-0.035
-0.009
-0.055
0.054
-0.012
0.075
0.186
0.097
0.162
-0.029
0.009
-0.034
0.008
0.33
0.29
0.257
0.096
0.217
0.07
0.015
0.004
-0.043
0.135
0.201
0.103
0.031
0.103
0.055
-0.002

0.087
0.002
0.078
0.009
-0.052
0.027
0.072
0.107
-0.11
0.081
0.203
0.124
0.134
-0.031
0.051
0.054
0.074
0.276
0.262
0.173
0.121
0.217
0.197
0.082
0.068
-0.009
0.095
0.115
0.125
0.079
0.12
0.063
0.094

-0.046
-0.032
0.048
-0.011
0.015
0.018
-0.038
0.101
-0.111
0.099
0.132
0.184
0.043
-0.021
0.028
-0.023
0.027
0.329
0.243
0.249
0.1
0.125
0.118
0.064
0.036
-0.022
0.166
0.123
0.148
0.06
0.103
0.025
0.021

0.033
-0.047
-0.04
-0.078
-0.099
-0.129
-0.074
-0.006
-0.136
0.096
0.127
0.13
0.048
0.024
0.153
0.015
0.128
0.435
0.375
0.393
0.014
0.101
0.057
-0.019
-0.049
-0.027
0.011
0.077
0.008
-0.022
0.025
-0.061
0.073

0.025
-0.06
-0.042
-0.09
-0.083
-0.127
-0.077
0.006
-0.128
0.08
0.109
0.109
0.056
0.027
0.166
0.013
0.119
0.38
0.356
0.36
0.029
0.068
0.054
-0.01
-0.068
-0.01
0.025
0.066
-0.009
-0.016
0.031
-0.063
0.084



63. SC verbal 2 -0.016  -0.05 -0.039 0.044 -0.063 -0.007 -0.095 -0.053  0.109  -0.007 0.024 0.08 0.143 0.083 0.127 0.135
64. SC verbal 3 -0.07 -0.05 -0.018 0.044 -0.006 -0.064 -0.02 -0.018 0.07  -0.018 -0.045 -0.017 0.065 -0.054 0.064 0.076
65. SC impuls -0.057  -0.07 -0.063 -0.008 -0.069 0.039 -0.097 -0.064 -0.067 -0.013 -0.032 -0.089  0.007 -0.03 -0.064 -0.046
66. SC speed -0.036  0.036 -0.083 0.041 -0.017 -0.033 -0.101 -0.053 -0.079 -0.056 -0.037 -0.093 0044 -0.01 -0.048 -0.063
67. SC impuls -0.006 -0.091 -0.024 -0.025 003 -0.024 -0.045 -0.074 -0.038 0.008 -0.078 -0.05 -0.021 -0.003 -0.11  -0.097
68. SC categ -0.057 0.045 0.083 0031 011  0.063 0031 0.084  0.091 0.06  0.026 011  -0.024 0.087 -0.023 -0.027
69. SC spatial 2 vis 0082  -005 0101 0079 0.031 007 0091 0116 -0.003 0018 0.065 0062  0.113 0.042 0.041 0.026
70. SC spatial 3 vis 0.038 0.066 009 0012 -0.026 -0.023 0.074 0.7 0.053 003 0016 0.058  0.084 0.055 0.025 0.008
71. SC spatial 4 rot 0.081 0075 0112 0.039 0.073 0.068 0.09 0.116 0.08 0.181 0.057 0.069 0127 004 0102 0.091
72. SC spatial 5 rot 0.15 0071 0.085 0.051 0051 0.085 0043 0102 -0.021 0172 0.084 0115 0009 0.039 0.029 0.043
73. SC spatial 6 rot 0.05 0.05 0044 -0028 005 -0014 002 0065 0008 -0.044 -005 0023 0012 0026 -0.072 -0.114
Mean -0.0456 0.0742 0.0939 0.008 0.0577 0.0947 0.0721 0.1165 -0.1013 0.1827 0.1517 -0.0955 0.1747 0.1278 0.0837 0.0399
S.D. 0.9592 09153 0.9802 0.9141 0.9523 0.8973 0.9742 0.942  0.9544 09 0838 0.9014 0797 0.8931 1.0196 1.0099

Variables 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1

17. Maths conc 0.925 1

18. Maths perf 0.724  0.768 1

19. Sci conc 0732  0.773 0.955 1

20. Sci speed 0716  0.765 0.932 0.919 1

21. Sci use conc 068  0.743 0.88 0.88 0.881 1

22. Scin perf 072 0775 0.95 0.95 0.927 0.913 1

23. Sci perform 0.602  0.624 0.661 0.66 0.644 0.657 0.67 1

24. Greek Conc 0.601  0.616 0.671 0.671  0.654 0.676 0.685 0.933 1

25. Greek speed 0.648  0.673 0.681 0.683  0.676 0.709 0.699 0.905 0.908 1

26. Greek perf -0.052 0.004 -0.012 -0.01  0.005  0.022 0.017 -0.013  -0.017  0.013 1

27.AHelp 1 -0.099 -0.097 -0.114  -0.109 -0.085 -0.055  -0.087  -0.067 -0.084  -0.05  0.585 1

28. AHelp 2 -0.063 -0.035  0.023 0.014 0.02 0.028 0.036 0.031 0.024 0045 0441  0.476 1

29. A Soc 1 0.028 0.048 -0011 -0.02 -0.01 0.01 0.028 -0.041  -0014 -0.024 0422 0412  0.409 1

30. A Soc 2 -0.066  -0.08 -0.04 -005 -0.085 -0.063  -0.044  -0.054 -0.053 -0.06 -0.047 -0.069 -0.124  -0.093 1

31. N ego -0.088 -0.063 -0.057 -0.044 -0.073 -0.056  -0.052 -0.02 -0.036  -0.056  0.026 -0.05  -0.086 -0.082 0.598 1



32.
33.
34.
35.
36.
37.
38.
39.
40.
41,
42,
43.
44,
45,
46.
47,
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

N emo 1

N emo 2

N emo 3

E1l

E2

E3

E4

01

11

It2

02

Corgl
CAch1l
Corg2
Corg3
SCquant 1
SC quant 2
SC quant 3
SCquant 3
SCScil

SC Sci 2

SC STM N1
SC STM N2
SC Spat 1 vis
SC Self-m G
SC Self-m B
SC Self-m T
SC Social 1
SC Social 2
SC Social 3
SC verbal 1
SC verbal 2
SC verbal 3
SC impuls
SC speed

-0.1
-0.126
-0.134
-0.073
0.023
-0.111
0.079
0.142
0.122
0.063
0.036
0.186
0.019
0.116
0.385
0.369
0.345
0.018
0.097
0.11
-0.06
-0.07
-0.032
0.01
0.067
0.002
-0.01
0.057
-0.037
0.084
0.148
0.076
-0.06
-0.07
-0.099

-0.088
-0.122
-0.098
-0.048
0.033
-0.108
0.085
0.159
0.115
0.077
0.065
0.226
0.046
0.166
0.409
0.388
0.385
0.025
0.097
0.094
-0.016
-0.056
-0.026
0.002
0.077
0.027
-0.009
0.085
-0.013
0.105
0.199
0.137
-0.03
-0.074
-0.08

-0.098
-0.125
-0.129
-0.096
0.015
-0.12
0.094
0.092
0.074
0.08
0.11
0.2
0.007
0.145
0.357
0.32
0.311
0.055
0.126
0.065
-0.025
-0.084
-0.066
0.045
0.124
0.089
-0.012
0.051
0.052
0.059
0.153
0.077
-0.128
-0.092
-0.114

-0.091
-0.108
-0.13
-0.103
0.012
-0.12
0.119
0.089
0.06
0.095
0.105
0.194
0.019
0.142
0.348
0.328
0.296
0.06
0.108
0.059
-0.03
-0.079
-0.077
0.076
0.128
0.096
-0.015
0.052
0.05
0.067
0.172
0.075
-0.103
-0.083
-0.089

-0.096
-0.122
-0.128
-0.116
0.014
-0.099
0.092
0.087
0.05
0.071
0.106
0.197
0.033
0.149
0.329
0.337
0.308
0.077
0.101
0.062
-0.043
-0.07
-0.087
0.047
0.118
0.099
-0.014
0.051
0.051
0.069
0.138
0.035
-0.119
-0.119
-0.122

-0.072
-0.132
-0.136
-0.108
0.021
-0.071
0.086
0.038
0.024
0.046
0.139
0.237
0.059
0.136
0.333
0.351
0.259
0.076
0.087
0.047
-0.035
-0.116
-0.037
0.04
0.084
0.084
0.015
0.05
0.059
0.079
0.153
0.066
-0.074
-0.099
-0.102

-0.09
-0.115
-0.12
-0.091
0.036
-0.094
0.132
0.1
0.088
0.103
0.135
0.226
0.035
0.165
0.357
0.338
0.305
0.066
0.137
0.078
-0.016
-0.065
-0.047
0.074
0.148
0.118
0.003
0.084
0.068
0.095
0.184
0.101
-0.092
-0.068
-0.097

-0.082
-0.101
-0.087
-0.079
0.083
-0.156
0.084
0.121
0.098
0.06
0.093
0.16
0.025
0.16
0.305
0.253
0.261
0.039
0.183
0.102
0.024
-0.046
0.002
0.032
0.096
0.084
0.026
0.069
0.059
0.114
0.175
0.132
-0.053
-0.045
-0.059

-0.09
-0.089
-0.094
-0.074
0.052
-0.151
0.094
0.112
0.103
0.053
0.08
0.175
0.016
0.145
0.319
0.293
0.271
0.034
0.168
0.083
0.042
-0.028
0.002
0.015
0.091
0.064
0.025
0.036
0.027
0.097
0.167
0.113
-0.032
-0.036
-0.048

-0.1
-0.131
-0.122
-0.091
0.069
-0.122
0.074
0.101
0.099
0.049
0.088
0.195
0.024
0.199
0.325
0.283
0.297
0.033

0.15
0.062
0.037
-0.061
0.028
0.031
0.097
0.053
0.031
0.057
0.022
0.137
0.233
0.161
-0.026
-0.047
-0.093

0.021
0.026
0.245
0.232
0.238
0.125
0.143
0.145
0.025
0.178
0.112
0.111
0.222
0.284
-0.041
-0.029
0.007
0.13
0.206
0.19
0.153
0.129
0.112
0.218
0.196
0.262
0.218
0.231
0.164
0.107
0.167
0.222
0.097
0.142
0.072

-0.041
-0.017
0.125
0.168
0.269
0.139
0.093
0.119
-0.004
0.261
0.114
0.103
0.189
0.241
-0.02
-0.06
-0.004
0.108
0.158
0.089
0.142
0.161
0.081
0.105
0.156
0.206
0.219
0.188
0.188
0.072
0.068
0.192
0.061
0.062
0.075

-0.026
-0.165
0.113
0.139
0.258
0.079
0.174
0.132
0.083
0.274
0.184
0.216
0.316
0.272
0.086
-0.004
0.059
0.133
0.182
0.133
0.115
0.162
0.122
0.15
0.249
0.241
0.185
0.147
0.136
0.092
0.203
0.186
0.077
0.106
-0.025

-0.094
-0.13
0.186
0.162
0.245
0.142
0.212
0.221
0.137
0.264
0.191

0.28

0.312
0.334
0.025

-0.027
0.043
0.094
0.176
0.167
0.211
0.211
0.114
0.212
0.228
0.288
0.213
0.184
0.166
0.207
0.209
0.324
0.074
0.077

-0.051

0.497
0.528
0.082
0.138
0.016
0.026
0.017
0.112
0.074
-0.04
-0.147
-0.078
-0.049
-0.097
-0.031
-0.138
-0.028
0.066
0.08
-0.002
0.006
0.039
0.052
-0.022
-0.009
0.055
0.056
0.068
0.042
-0.02
-0.043
0.011
0.233
0.226
0.313

0.5
0.501
0.041
0.089
-0.019
0.028
-0.05
0.013
0.057
-0.077
-0.191
-0.139
0.039
-0.115
-0.07
-0.137
-0.095
0.035
0.069
-0.021
-0.043
-0.039
0.005
-0.012
-0.015
0.058
0.042
0.055
0.075
-0.077
-0.026
-0.043
0.091
0.126
0.283



67. SC impuls -0.038  -0.03 0.013 0.032  0.013 0.043 0.04 0.087 0.081  0.047  0.096 0.137 0.151 0.125 0.028 0.018
68. SC categ 0.021  0.043 0.084 0.084  0.068 0.098 0.093 0.149 0.149 0129 0.163 0.139 0.163 0.162 0.008  -0.023
69. SC spa 2 vis 0.018  0.048 0.063 0.067  0.055 0.045 0.081 0.1 0.075 0.099  0.191 0.115 0.169 0.192 0.063 0.028
70. SC spa 3 vis 0.12 0.081 0.054 0.058  0.076 0.051 0.045 0.125 0.109 0.101  0.095 0.044 0.113 0.08 0.027 0.018
71. SC spa 4 rot 0.027  0.027 0.057 0.079  0.058 0.056 0.071 0.081 0.086  0.065  0.086 0.076 0.144 0.115 0.016  -0.041
72. SC spa 5 rot -0.103 -0.119 -0.133  -0.128 -0.133  -0.141  -0.137 -0.08 -0.096  -0.128  0.048 0.039 0.144 0.05 0.089  -0.029
73.3Cspa6rot 00867 0.0294 0.0023 0.0265 0.0001 -0.0106 0.0196 -0.0122 0.0051 0.023 0.0434 0.0123 0.0009 -0.0403 -0.0102  0.016
Mean 0.0867 0.0294 0.0023 0.0265 0.0001 -0.0106 0.0196 -0.0122 0.0051  0.023 0.0434 0.0123 0.0009 -0.0403 -0.0102  0.016
S.D. 0.9985 1.0351 1.0122 1.0166 1.0038 0.9992  1.0216 0.9776 0.9742 09737 0.9376 09572 09851 0.9656  0.9459  0.9438
Variables 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
33.Nemo 2 1

34.Nemo 3 0.485 1

35.E1 -0.002  0.051 1

36.E2 0.103 0.113 0.364 1

37.E3 -0.01 0.006 0.39 0.29 1

38.E4 -0.03  -0.025 0.178 0.13 0.171 1

39.01 0.012 0.069 0.181 0.181 0.183  0.099 1

40.11 0.066 0.107 0.221 0.238 0.238  0.019 0.378 1

41.12 0.039  -0.003 0.204 0.175 0.14 0.011 0.331 0.414 1

42.02 -0.055  -0.046 0.202 0.203 0.308  0.104 0.427 0.34 0.228 1

43.Corg1 -0.232  -0.185 0.083 0.053 0.156  0.034 0.142 0.096 0.026 0.325 1

44.C Ach 1 -0.231  -0.148  0.046 0.086 0.137 0.06 0.187 0.18 0.187 0252  0.485 1

45.Corg 2 -0.151  -0.12 0 0.055 0.124  0.101 0.078 0.048 -0.002  0.231  0.454 0.431 1

46.Corg 3 -0.188  -0.182  0.091 0.061 0.19 0.062 0.147 0.23 0.039  0.197 0.47 0.437 0.397 1

47. SC quant 1 -0.049  -0.07 0.012 0.022 0.009 -0.081  0.237 0.299 0.235 0.127 0.144 0.194 0.038 0.174 1
48.SCquant2  -0.094  -0.09 -0.056 -0.091 -0.045 -0.079  0.146 0.102 0.091  0.043  0.085 0.158 -0.022 0.082 0.616 1
49.SCquant3  .0.073 -0.135  0.008 0.028 0.021  -0.033  0.189 0.274 0.238 0.14 0.159 0.173 0.065 0.21 0.645 0.583
50. SC quant 3 0.206  0.047 0.055 0.097 0.135  0.033 0.197 0.223 0.14 0.25 0.073 0.039 0.079 0.018 0.083 0.072
51.SC Sci 1 0029 -0019 0.118 0.167 009  -0.042 0.184 0.292 0.178  0.199  0.156 0.132 0.119 0.169 0.135 0.028
52. SC Sci 2 0.039  -0.055  0.089 0.146 0.097 -0.044 0311 0.33 0216 0293  0.195 0.154 0.12 0.12 0.235 0.069
53.SCSTM N1  .0.13 0.008 0.135 0.17 0.115  0.126 0.111 0.167 0.038  0.134 0.23 0.246 0.197 0.263 0.154 0.034



54.
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

SC STM N2
SC Spa 1 vis
SC Selfm G
SC Selfm B
SC Selfm T
SC Social 1
SC Social 2
SC Social 3
SC verbal 1
SC verbal 2
SC verbal 3
SC impuls
SC speed
SC impuls
SC categ

SC spa 2 vis
SC spa 3 vis
SC spa 4 rot
SCspa5rot
SC spa 6 rot

Mean
S.D.

-0.037
-0.002
-0.033
0.018
0.045
0.083
0.071
0.119
-0.022
-0.034
-0.003
0.265
0.166
0.39
0.062
0.037
0.029
-0.011
0.094
0.058
0.0417
0.9685

0.057
0.047
-0.03
-0.037
0.046
0.049
0.053
0.099
0.009
-0.073
-0.053
0.224
0.207
0.309
0.042
-0.037
0.048
0.001
-0.057
0.008
-0.0334
0.8276

0.165
0.171
0.134
0.15
0.132
0.124
0.175
0.089
0.178
0.105
0.212
0.221
0.153
0.201
0.072
0.046
0.174
0.012
0.057
0.122
-0.0179
0.9621

0.113
0.139
0.154
0.081
0.137
0.222
0.238
0.169
0.184
0.179
0.256
0.181
0.154
0.201
0.126
0.115
0.159
0.04
0.134
0.017
0.0918
0.9553

0.081
0.178
0.157
0.186
0.164
0.216
0.2
0.058
0.19
0.206
0.259
0.135
0.111
0.202
0.148
0.135
0.199
0.119
0.146
0.073
-0.0242
1.002

0.074
0.143
0.039
0.051
0.048
0.08
0.034
-0.041
0.042
0.071
0.087
0.115
0.097
0.048
0.047
-0.005
0.056
0.048
-0.034
0.003
0.0585
1.3222

0.071
0.127
0.055
0.125
0.11
0.155
0.224
0.217
0.179
0.154
0.244
0.099
0.199
0.102
0.33
0.223
0.29
0.164
0.213
0.176
-0.0403
0.9418

0.128
0.129
0.233
0.227
0.241
0.198
0.263
0.258
0.247
0.249
0.266
0.184
0.233
0.138
0.193
0.135
0.19
0.122
0.155
0.122
-0.0323
0.9389

0.086
0.094
0.144
0.173
0.188
0.074
0.116
0.098
0.26
0.2
0.251
0.19
0.15
0.117
0.22
0.121
0.146
0.026
0.039
0.18
-0.0478
0.9358

0.095
0.1
0.174
0.249
0.206
0.202
0.234
0.181
0.166
0.277
0.252
0.057
0.088
0.097
0.249
0.178
0.296
0.071
0.137
0.069
-0.0298
0.9692

0.106
0.149
0.195
0.136
0.168
0.074
0.114
0.055
0.17
0.226
0.208
-0.095
-0.1
-0.111
0.106
0.185
0.232
-0.003
0.046
0.035
-0.0549
0.9429

0.128
0.148
0.121
0.064
0.124
0.024
0.109
0.068
0.251
0.308
0.231
-0.014
-0.012
-0.111
0.062
0.107
0.157
0.026
0.074
0.017
-0.0483
0.9233

0.15
0.099
0.156

0.08
0.193
0.115
0.126
0.068
0.083
0.183

0.11
-0.064
-0.028
-0.028
0.124
0.137
0.161
-0.027
0.053
0.031

-0.0424
0.9254

0.087
0.074
0.115
0.139
0.205
0.144
0.157
0.074
0.208
0.278
0.214
-0.005
-0.009
-0.083
0.118
0.233
0.181
0.036
0.098
0.004
-0.0523
0.9563

0.134
0.13
0.08

0.194

0.171

0.028

0.043

-0.019

0.183
0.14
0.14

0.072

0.083

0.012

0.218

0.187

0.199

0.111

0.106

0.071

3.0875
1.1371

0.117
0.053
-0.069
0.086
0.008
-0.036
-0.013
-0.056
0.029
0.03
-0.005
0.01
0.043
-0.119
0.085
0.043
0.072
0.098
0.092
0.072
2.685
1.4092




Variables 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
49. SC quant 3 1

50. SC quant 3 0.17 1

51.SC Sci 1 0.122  0.311 1

52. SC Sci 2 0.228  0.305 0.326 1

53.SCSTMN1 0153  0.087 0.193 0.121 1

54.SCSTM N2 0138 0.04 0.091 0.128 0.342 1

55.SCSpalvis 0132  0.108 0.099 0.163 0381  0.177 1

56.SC SelfmG  0.068 0.204 0.226 0.228 0.199  0.164 0.185 1

57.5CSelfmB 0184  0.256 0.215 0.19 0.106  0.134 0.08 0.366 1

58.SCSelffmT  0.129 0.267 0.291 0.198 0.124  0.157 0.122 0.463 0.445 1

59.SCSocial 1 0,032  0.116 0.291 0.2 0.152 0.1 0.157 0.265 0.194 0.315 1

60. SC Social 2 0.036 0.15 0.369 0.299 0.21 0.085 0.181 0.337 0.251 0.284  0.595 1

61. SC Social 3 -0.08 0.187 0.387 0.226 0.108  0.024 0.083 0.247 0.172 0.265  0.447 0.619 1

62. SC verbal 1 0.13 0.083 0.156 0.133 0.165  0.161 0.112 0.143 0.162 0.163  0.134 0.126 0.057 1

63.SCverbal 2 0.156 0.214 0.202 0.223 0.182  0.184 0.116 0.219 0.244 0213  0.111 0.207 0.106 0.439 1
64.SCverbal 3 0.153 0.127 0.181 0.174 0.201  0.152 0.174 0.145 0.229 0.218  0.213 0.241 0.197 0.387 0.35 1
65. SC impuls 0.055 0.21 0.068 0.09 0.135  0.179 0.167 0.022 0.149 0114 0.133 0.229 0.123 0.092 0.06 0.127
66. SC speed 0.057  0.165 0.076 0.139 0.028  0.194 0.004 0.056 0.116  0.144  0.146 0.19 0.089 0.089 0.125 0.184
67. SC impuls -0.035  0.153 0.148 0.118 -0.016  0.041 0.053 0.031 0.044 0147 0.148 0.187 0.113 0.13 0.094 0.104
68. SC categ 0.172 0.21 0.194 0.254 0.151  0.121 0.09 0.056 0.291 0.304  0.255 0.225 0.193 0.182 0.123 0.263
69.SCspa2vis 0082  0.192 0.282 0.298 0.148  0.095 0.183 0.189 0.198 0311  0.244 0.202 0.205 0.164 0.219 0.22
70.SCspa3vis  0.128 0.249 0.289 0.286 0.17 0.16 0.189 0.278 0.237 0.341  0.104 0.204 0.162 0.21 0.305 0.288
71.SCspadrot  0.106 0.158 0.24 0.126 0.122 0 0.1 0.151 0.186 0.217  0.083 0.114 0.125 0.144 0.122 0.084
72.SCspa5rot 0166  0.235 0.278 0.178 0.182  0.151 0.122 0.116 0.182 0119  0.159 0.209 0.155 0.239 0.164 0.176
73.SCspa6rot  0.046 0.125 0.11 0.199 0.138  0.271 0.206 0.052 0.104 0.132  0.031 0.11 0.103 0.17 0.009 0.031
Mean 3.12  4.0025 3.8375 3.37 3265 3145 3.3825  3.5525 371 36325 3.3875 32975 3.4125  3.3225 3.835  3.5825
S.D. 1.0833  1.0025 0.91 0.9646  1.1718 1.3127 1.2165 1.1426  1.0671 1.0149 1136  1.1455 1.116 1.0203  1.0657  0.9698




Variables 65 66 67 68 69 70 71 72 73

65. SC impuls 1

66. SC speed 0.492 1

67. SC impuls 0.356  0.244 1

68. SC categ 0.169  0.154 0.209 1

69.SCspa2vis 0082  0.028 0.126 0.298 1

70.SCspa3vis  0.04 0.08 0.1 0.281 0.43 1

71.5Cspadrot 0,037  0.014 0.054 0.135 0.257  0.266 1

72.5Cspas5rot 0,103 0.06 0.161 0.3 0.285  0.305 0.295 1
73.SCspabrot (.15 0.124 0.064 0.192 0.135 0.19 0.147 0.178 1
Mean 2965 3.0175  2.825 2.975 33925 3455  4.0375  3.605  3.1075
S.D. 1.165 1.0932  1.1652 1.0009 09331 0.9408 1.1421  1.1009  1.0972

Note: A, N, E, O, |, and C stand for Agreeableness, Neuroticism, Extroversion, Openness, Intellect, and Conscientiousness. Emo=emotional stability; org=
organization; ach=success; Conc=understanding complex in a school subject; concepts SC=Self-concept. Selfm=Self-monitoring; Categ=Categorical
reasoning; SR=self-representation; GFP= General Factor of Personality; subscripts spa, ma, ca, me, so, ve, sct, Im, emo, and imp stand for self-representation
in spatial reasoning, mathematics, categorical reasoning, mental efficiency, social reasoning, verbal reasoning, self-control, logical deductive reasoning,
emotional stability, and impulsivity, respectively.



Chi-square = 4451.125, Df = 2519, p =.00, CFI=.995, RMASE =.04 (Cl= .042-.046).
Cronbach’s alpha (for the variables included in the model) = .90

Reliability coefficient Rho = .94

STANDARDIZED SOLUTION: R-SQUARED
LETTERSZ=V13 = 423 F1 + .906 E13 179
FPAPER Z=V14 = .567*F1 + .824 E14 .322
CLOCK Z=V15 = .503*F1 + .864 E15 .253
SEED Z=V18 = .473 F2 + .881 E18 .223
CAKE Z=V19 = .536*F2 + .844 E19 .287
TRACK 2Z=V20 = .454*F2 + .891 E20 .206
MAT Z=V21 = .599 F3 + .801 E21 .359
VAN 2=V22 = .623*F3 + .782 E22 .388
CARTR 2Z=V23 = L.292*F3 + .956 E23 .085
PROR Z=V24 = .591 F4 + .807 E24 .349
TRUTH Z=V25 = .619*F4 + .786 E25 .383
ALG Z=V26 = .728 F5 + .686 E26 .530
oP Z=V21 = .598*F5 + .802 E27 .357
NAN Z=V28 = .649*F5 + .760 E28 .422
MAUCC Z=V40 = .934 F6 + .357 E40 .872
MFL Z=v4l = .947*F6 + .320 E41 .898
MEULC 27=V43 = .960*F6 + .278 E43 .922
MACHIEVZ=V46 = .964*F6 + .264 E46 .930
PAUCC 2z=V47 = .975 F7 + .222 E47 .951
PFL Z=V48 = L9T71*ET + .240 E48 .942
PEULC 2z=V50 = .950*F7 + .313 E50 .902
PEFFICIZ=V52 = L913*F7 + .409 Eb52 .833
PACHIEVZ=V53 = 1.000 F8 + .032 E53 .999
GAUCC Z=V54 = .T78*F8 + .628 Eb4 .606
GEULC 2Z=V57 = .790*F8 + .613 Eb57 .624
GACHIEVZ=V60 = .893*F8 + .451 E60 .797
FAHEL477Z=V98 = .734 F21 + .679 ES8 .539
F4HEL31Z2=V99 = L733*F21 + .680 E99 .537
F4AG23 Z=V100= .643*F21 + .766 E100 .414
F4AG37 Z=V101l= .609*F21 + .793 E101 .371
F1EGO4 Z=V102= .174 F22 + .633 E102 .599
F1EM0O25Z2=V103= .756*F22 + .654 E103 .572
F1EMO347Z=V104= .665*F22 + .747 E104 .442
F1EMO38Z2=V105= .685*F22 + .729 E105 .469
FSEXT462=V106= .604 F23 + .797 E106 .365
F5EXT3 Z=V107= .542*F23 + .840 E107 .294
FSEXT13Z=V108= .620*F23 + .785 E108 .384
F5EXT362=V109= .255*F23 + .967 E109 .065
F30PE50Z=V110= .621 F24 + .784 E110 .385
F3INT29Z2=V111= .638*F24 + .770 E111 .408
F3INT1 Z=V112= .489*F24 + .872 El112 .239
F30PE21Z=V113= .621*F24 + .784 E113 .386
F20RG20Z2=V114= 717 F25 + .698 E114 .513
F2ACHI2Z=V115= .692*F25 + .722 E115 .479
F20RG24Z=V11l6= .610*F25 + .792 El1l6 .372
F20RG27Z=V117= .665*F25 + .747 E117 .442
64QR6 Q=V135= .838 FI1 + .546 E135 .702
60R1 Q=V136= L731*F91 + .682 E136 .535
19QR2 Q=V137= .781*F91 + .624 E137 .610
38CE4 Q=V139= .498 F92 + .867 E139 .248
68CE7 Q=V140= .600*F92 + .800 E140 .360
65CE6 Q=V141l= .578*F92 + .816 E141 .334
35STM1 Q=V143= .691 F93 + .723 E143 L4717
458TM2 Q=V144= .482*F93 + .876 E144 .232
16SI3 (Q=V145= .514*F93 + .858 E145 .264
32SMG3 Q=V147= .609 F94 + .793 E147 .371
52SMB  Q=V148= .617*F94 + .787 E148 .381
59SMT Q=V149= .736*F94 + .677 E149 .541
30803 Q=V151= .667 F95 + .745 E151 .445



42504 Q=V152
8501 Q=V153
77V6 Q=V154
76V5 Q=V155
10v1 0=V156
41IMP4 Q=V157

46SP2 Q=V158
73IMP5 Q=V159
510A3 Q=V160
72SI10 Q=V161l
71SI9 Q=V162
63SI6 Q=V1e64

74SI11 Q=V165

66SI7 =V166
SPACE =F1
CAUSE =F2
CATEG =F3
DEDUCT =F4
QUANT =F5
MATHS =F6
SCIENCE =F7
LANG =F8
COGN-SR =F9
GF =F10
AGREE =F21
NEURO =F22
EXTRO =F23
OPEN =F24
CONSC =F25

SR _MATH =F91
SR_CAUS =F92

SR MEM =F93
SR_SLFM =F94
SR_SOC =F95
SR_VERB =F96
SR _IMP =F97

SR_SCTR =F98

SR_LEAR =F99
GFP =F201
GAP =F400=

+

.892*F95
.690*F95
.607 F96
.655*F96
.614*F96
778 F97
.624*F97
.449*F97
.514 F98
.592*F98
.650*F98
.464 F99
.590*F99
.343*F99
.841 F10
.960*F10
.903*F10
.888*F10
.889*F10
.803 F400
.981*F400
.937*F400

1.000*F999

.226*F999
.573*F201

-.001*F201

.628 F201
.830*F201
.531 F201
.337 F9
.864*F9
.549*F9
.719%F9
.573*F9
.690*F9
.354*F9
.867*F9
.730*F9
.854*F999
.154*F999
.281*D25
.137*D201

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+

.452
.724
.794
.756
.789
.628
.781
.894
.858
.806
.760
.886
.807
.939
.541
.278
.430
.460
.458
.597
.196
.350
.000
.974
.819

1.000

.778
.558
.847
.942
.503
.836
.695
.820
.724
.935
.499
.684
.521

E152
E153
E154
E155
E156
E157
E158
E159
E160
El6l
E162
El64
E165
E166
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D21
D22
D23
D24
D25
D91
D92
D93
D94
D95
D96
D97
D98
D99
D201

.000*D9
.197*D91

.676

D400

+

.523*D10
.205*D93

+

+

.072*D24
.248*D96

.796
.476
.369
.429
L3717
.606
.389
.201
.265
.350
.422
.215
.349
.117
.707
.922
.815
.789
.790
.644
.962
.878
.000
.051
.329
.000
.394
.688
.282
.113
.747
.301
.518
.328
.476
.125
.751
.532
.729

.543



STUDY 5

Table 5. Correlation matrix of all variables used in Study 5 (N=247).

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1.Under Emot 1 1

2. Under Emot 2 0.539 1

3. Under Emot 3 0.598 0.647 1

4. Paper fold 0.237 0.25 0.206 1

5. Pespectives -0.018 0.111 0.076  0.194 1

6. Num analog 0.088 0.147 0.086 0.249 0.169 1

7. Num series 0.181 0.221 0.155 0231 0315 0.291 1

8. Experim 0.093 0.204 0.085 0.207 0.289 0.248 0.31 1

9. Combin 0.176 0.112 0.111 0221 0309 0125 0.248 0.181 1

10. Social und 1 0.309 0.368 0.299 0.434 0.146 0247 0.309 0.22 0.376 1

11. Social und 2 0.3 0.398 0.343 0352 0102 0129 0303 0.166 0.199 0.516 1

12. SC Maths 1 0.08 0.006 -0.035 0.035 0.018 0.061 0.094 -0.093 0.048 -0.025 0.07 1

13. SC Maths 2 0.059 0.074 0.049 -0.024 0.023 0.097 0.038 -0.044 0.128 0.005 0.084 0.659 1

14.SCexp 1 0.198 0.122 0.167 0.186 0.046 0.102 0.216 0.075 0.194 0.158 0.271 0.379 0.361 1

15.SCexp 2 0.055 -0.005 0.042 0.037 0.102 0.029 0.111 0.059 0.038 0.032 0.041 0.325 0.219  0.469 1

16. SC social 1 0.173 0.106 0.189 0.034 0.048 0.017 0.13 0.086 0.054 0.157  0.149 0.258 0.247  0.496 0.51 1
17 SC social 2 0.179 0.071  0.217 0.14 0.131 0.046 0.136 0.14 0.173 0.204  0.222 0.292 0.231 0547 0.481  0.473
18. SC Vis mem -0.007  -0.055 -0.035 0.052 -0.056 0.016 -0.024 -0.138 -0.028 0.003  0.007 0.342 0.307 0.377 0.488  0.409
19. SC Speed 0.072 0.059 -0.01 -0.023 -0.002 0.044  0.055 -0.13 -0.041  -0.129 0.022 0.427 0.393 0.29 0.303 0.312
20. Consc Ach 0.068 0.109 0.059 0.0565 -0.089 0.026 0.01 0.085 0.075 0.006  0.157 0.252 0.353 0.201 0.146  0.137
21. Consc Organ 0.075 0.112 0.034 0.034 -0.129 -0.021 -0.035 0.03 0.097 0.023 0.06 0.166 0.285 0.242 0.246  0.251
22. Consc Emot -0.122  -0.155 -0.026 -0.01 0.119 0 0.008 0.04 0.055 -0.154  -0.11 -0.035  -0.113 -0.067 0.006 -0.111
23. Consc Ego -0.004 -0.022 0.098 0.025 0.113 0.068 0.023 0.06 0.039 -0.105 -0.042 0.043 0.054 -0.05 0.053  0.033
24. Extro Prosoc 0.094 0.166  0.157 0.107 -0.044 -0.058 -0.012 0.093 0.114 0.126  0.153 -0.078 0.003 0.043 0.112 0.061
25. Extro others 0.072 0.074 0.176 -0.042 -0.088 0.046 -0.05 -0.013 0.024 0.045 0.088 0.005 0.149 0.086 0.169 0.179
26. Agree help 0.105 0.135 0.134 0.102 -0.114 -0.028 0.007 0.191 -0.007 0.079 0.151 -0.075 -0.046 0.145 0.3 0.3
27. Agree agree 0.081 0.173 0.173 -0.019 -0.094 -0.064 -0.042 0.085 -0.112  -0.008 0.168 -0.01 0.054  0.104 0.22 0.211
28. Agree sensit 0.005 0.069 0.081 0.008 0.022 -0.152 -0.104 0.113 0.014 -0.027  0.045 -0.096 -0.064 0.044 0.186 0.126



29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.

Open Intel
Open open
El Social
El_Cogn

El Emot 1
El Emot 2

El Soc know
El Social act
El constr 1
El constr 2
Sch Greek
Sch Maths
El under Perf
El under H
El under Reas

Mean
S.D.

0.045
-0.072
0.035
0.131
-0.181
-0.224
-0.021
0.009
0.137
0.014
0.088
0.208
0.274
0.144
0.104
1.5
0.7687

0.083
0.017
0.052
0.08
-0.267
-0.233
0.025
0.064
0.125
0.085
0.176
0.17
0.318
0.197
0.084
1.1145
0.8557

-0.035
0.029
0.057
0.125
-0.182
-0.237
-0.09
-0.041
0.169
0.09
0.124
0.129
0.263
0.132
0.168
1.247
0.8906

-0.023
0.017
-0.024
0.09
-0.193
-0.224
0.169
0.052
0.174
0.02
0.161
0.18
0.198
0.375
0.261
1.502
0.4099

-0.049
0.059
-0.094
-0.039
-0.085
-0.049
0.166
0.01
-0.061
-0.142
0.046
0.069
0.131
0.264
0.084
1.0873
0.7547

0.056
0.026
-0.008
0.079
-0.099
-0.162
0.074
-0.069
0.08
-0.041
0.016
0.097
0.113
0.193
0.093
1.4056
0.48

0.103
-0.007
0.079
0.093
-0.219
-0.219
0.129
0.067
0.098
-0.08
0.074
0.137
0.269
0.301
0.274
0.5703
0.4217

0.06
0.17
0.067
0.129
-0.215
-0.241
0.092
0.13
0.093
-0.086
0.109
0.177
0.334
0.37
0.224
1.2771
0.4534

0.017
0.04
0.091
0.081
-0.047
-0.108
0.127
0.12
0.119
0.021
0.275
0.336
0.138
0.317
0.303
0.8514
0.5375

-0.084
0.001
0.086
0.108
-0.26

-0.303
0.262
0.137
0.085
0.009
0.296
0.279
0.273
0.328
0.313

1.2731

0.123
0.081
0.142
0.131
-0.24
-0.221
0.176
0.089
0.214
0.149
0.251
0.229
0.294
0.272
0.221

0.8494
0.4514 0.5132

0.344
0.016
0.22
0.041
0.093
0.108
0.155
0.143
0.146
0.112
0.203
0.319
-0.115
-0.011
-0.024
3.119
0.854

0.401
0.152
0.276
0.242
-0.104
0.05
0.136
0.161
0.212
0.202
0.352
0.41
-0.022
0.055
0.005
3.2811
0.8959

0.311
0.1
0.276
0.264
-0.134
-0.15
0.289
0.269
0.282
0.202
0.319
0.245
0.095
0.19
0.3
3.1426
0.7515

0.22
0.142
0.185
0.221
0.023

0.11
0.334
0.345
0.331

0.22
0.144
0.125
-0.043
0.044
0.133
3.255

0.7448

0.138
0.114
0.146
0.265
-0.127
0.07
0.398
0.308
0.176
0.017
0.048
0.049
0.135
0.122
0.236
3.2711
0.812




Variables 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
17 SC social 2 1

18. SC Vis mem 0.232 1

19. SC Speed 0.223 0.453 1

20. Consc Ach 0.227 0.201 0.194 1

21. Consc Org 0.251 0.211 0.117 0.642 1

22. Consc Emot -0.089 -0.05 -0.039 -0.149 -0.09 1

23. Consc Ego -0.111 -0.08 0.041 -0.147  -0.089 0.547 1

24. Extro Prosoc -0.025 0.038 0 0.141 0.174 0.205 0.187 1

25. Extro others 0.212 0.127 0.173 0.235 0.229 0.032 -0.025 0.49 1

26. Agree help 0.168 0.079 -0.008 0.221 0.356 -0.076 -0.087 0.267 0.206 1

27. Agree agree 0.153 0.115 0.012 0.309 0.442 -0.145 -0.153 0.254 0.339 0.658 1

28. Agree sensit 0.125 -0.018 -0.077 0.005 0.225 0.269 0.138 0.152 0.113 0.483 0.289 1

29. Open Intel 0.216 0.227 0.23 0.398 0.503 -0.039 0.043 0.162 0.24 0.161 0.224 0.053 1

30. Open open 0.108 0.201 0.113 0.166 0.208 0.231 0.245 0.273 0.281 0.079 0.147 0.041 0.425 1

31. El Social 0.206 0.148 0.054 0.335 0.261 -0.035 0.064 0.283 0.211 0.15 0.304 -0.018 0.378 0.196 1

32. El_Cogn 0.256 0.136 0.186 0.301 0.313 -0.036 0.156 0.216 0.189 0.21 0.344 0.106 0.271 0.182 0.621 1
33.El Emot 1 -0.059  -0.031 0.185 -0.096 -0.074 0.206 0.119 -0.105 -0.021 -0.06 -0.096 0.087 -0.016 0.013 -0.196 -0.176
34. El Emot 2 -0.128  0.057 0.121 -0.124  -0.005 -0.007 0.104 -0.102 -0.004  -0.002 0.014 0.038 0.022 0.039 -0.026 -0.062
35. El Soc know 0.267 0.219 0.162 0.06 0.202 -0.003 0.04 0.158 0.172 0.273 0.234 0.136 0.201 0.18 0.321 0.45
36. El Soc act 0.256 0.215 0.214 0.187 0.257 -0.02 0.016 0.23 0.119 0.235 0.297 0.2 0.244 0.157 0.338 0.5
37. El constr 1 0.337 0.11 0.171 0.255 0.287 0.005 0.033 0.242 0.118 0.292 0.31 0.257 0.173 0.099 0.292 0.288
38. El constr 2 0.115 0.23 0.092 0.3 0.352 -0.179 -0.157 0.203 0.193 0.278 0.401 0.179 0.262 0.111 0.302 0.239
39. Sch Greek 0.165 0.095 -0.02 0.359 0.296 -0.256 -0.158 0.037 0.099 0.135 0.127 0.008 0.234 -0.055 0.219 0.056
40. Sch Maths 0.146 0.037 -0.003 0.371 0.282 -0.135 -0.035 0.089 0.029 0.07 0.007 0 0.225 -0.031 0.185 0.076
41. El under Perf 0.063 -0.113 -0.152 0.174 0.083 -0.063 -0.051 0.205 0.059 0.188 0.087 0.029 0.083 0.038 0.161 0.084
42. El under H 0.24 -0.018 -0.012 0.103 0.128 -0.037 -0.044 0.038 -0.073 0.102 -0.01 0.097 0.134 0.13 0.023 0.112
43. El under Reas  0.194 0.051 -0.023 -0.045  -0.049 0.142 0.15 0.229 0.098 0.006 -0.049 0.017 -0.03 0.068 0.155 0.136
Mean 3.3133 3.2932 29096  3.5964 3.5437 2.5377 2.5281 3.4217 3.8855 3.6124 3.6627 2.7309 3.6807 3.3554 3.6069 3.497
S.D. 0.7047 0.7236  0.9265 0.9831 0.8506  0.9437 0.9718 0.8402 0.7474 0.9111 0.7802 1.0451 0.7511 0.931 0.8129  0.7446




Variables 33 34 35 36 37 38 39 40 41 42 43
33. EI Emot 1 1

34. EI Emot 2 0.533 1

35. El_Soci know -0.021  0.082 1

36. El Soci act -0.101  -0.015 0.606 1

37. El constr 1 -0.109 -0.168 0.135 0.226 1

38. El constr 2 -0.089 -0.012 0.101 0.136 0.429 1

39. Sch Greek -0.189  -0.115 0.056 0.081 0.108 0.234 1

40. Sch Maths -0.177  -0.125 -0.04 0.01 0.099 0.186 0.768 1

41. El under Perf -0.27 -0.298 0.002 -0.032  -0.023 0.032 0.207 0.253 1

42. El under H -0.258  -0.318 0.125 0.151 0.15 -0.114 0.142 0.188 0.375 1

43. Elunder Reas -0.142  -0.261 0.169 0.138 0.123 -0.089 0.087 0.116 0.339 0.429 1
Mean 1.8936 18614  3.2952 3.4036 3.5462  3.6566 4.5783 4.6145  0.6787 0.5241 0.5663
S.D. 0.7331 0.9857 0.9536  0.9177 0.8442 0.8382 1.6077 1.5162  0.3068 0.337  0.3292




Sattora-Bentler scaled Chi-square = 1324.564, Df = 2519, p =.00, CF1=.999, RMASE =.06 (Cl=.053-.065).

Cronbach’s alpha (for the variables included in the model) = .83

Reliability coefficient Rho = .91

STANDARDIZED SOLUTION:

EIunderl =V4
EIunder2 =V5
EIunder3 =V6
PaperFold =V7
Perscoord =V8

1 =

NumAnal =V1
NumSer =V12
Experl =V13 =
Exper?2 =V14

Sociall =V18
Social2 =V19
SR-MATH1 =V2
SR-MATH2 =V2
SR-EXP1 =V22
SR-EXP2 =V23
SR-SOC1 =V24

SR-S0C2 =V25 =

0
1

SR-MEM =V26 =

SR-SPEED =V28
F2ACHIE =V33
F20RG =V34
F1EMO =V35
F1EGO =V36
F5PROS =V37

FSEXT =V39
F4HELP =V40
F4AGR =v4l

F4SENS =V42
F3INTE =V43
F30PEN =V44
EI CCl =V52
EI_GOC2 =V53
EICOOL1 =V54
EICOOL2 =V55
EISOKN2 =V56
EISOKN2 =V57
EICONS1 =V58
EICONS2 =V59
LANG =V72
MATHS  =V79
EI_UN P=vV112=
EI_UN H=V113=
EI_UN R=V114=

GF =F10 =
SPACE  =F11
QUANT  =F12
EXPER =F13

soc  =F14
GCOGN  =F20
SRQUANT =F21
SREXP  =F22

SRSOC =F23 =

.706 F35
.764*F35
.847*F35
.548*F11
.381 Fl11
L449*F12
.648 F12
.442*F13
.527 F13
.826*F14
.625 Fl4
.791*F21
.833 F21
LT127*F22
.703 F22
.686*F23
.666 F23
.748*F24
.605 F24
.T7T46*F41
.860 F41
.547*F42
.999 F42
.622 F43
.769*F43
.710 F44
.927*F44
.314*F44
.875 F45
.490*F45
.733*F31
.847 F31
.999*F32
.534 F32
.T743*F33
.808 F33
.704*F34
.600 F34
.796*F60
.966 F60
.544 F36
.689*F36
.622*F36
.270*F50
.994 F10
.781*F10
.994*F10
.809*F10
.646*F50
.562 F20
.998*F20
.998*F20

T

+

+ 4+ 4+ o+ o+ o+

.708
. 646
.532
.836
.925
.894
.762

.897

.850

.564

.781

.612

.553

.687

711

L7127

.746

.663 E
.796 E
.666 E
.510 E
.837 E
.033 E
.783 E
.640 E
.704 E
.376 E
.949 E
.484 E
.872 E
.680 E
.532 E
.043 E
.846 E
.670 E
.589 E
.710 E
.800 E
.605 E
.260 E
.839 E1
.725 E1
.783 E1

+ 4+ o+

S e e e

E4
E5
E6
E7
E8
El1l
E12
E13
El4
E18
E19
E20
E21
E22
E23
E24
E25
26
28
33
34
35
36
37
39
40
41
42
43
44
52
53
54
55
56
57
58
59
72
79
12
13
14

.963 D10
.110 D11
.625 D12
.112 D13
.588 D14
.763 D20
.827 D21
.060 D22
.067 D23

R-SQUARED

.498
.583
L7177
.300
.145
.202
.419
.195
.278
.682
.390
.626
.694
.528
.495
.471
.443
.560
.366
.557
. 740
.300
.999
.387
.591
.504
.859
.099
.766
.240
.537
717
.998
.285
.551
.653
.496
.360
.634
.933
.296
.474
.387
.073
.988
.610
.988
.654
.418
.315
.996
.995
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SREFF
EI
EICOG
EISCTR
EISOC
EICONS
GFP
CONSC
NEURO
EXTRO
AGREE
OPEN
GAP

Note: Symbols as above unless otherwise stated. El=emotional intelligence;

.741*F20
.998 F50
.793 F30
.194*F30
.743*F30
.675*F30
.760*F50
.817 F40
.057*F40
.536*F40
.631*F40
.679*F40
.167*F50
.182*D40

e

.672
.063
.610
.981
.670
.738
.650
.577
.998
.844
.776
. 734
.436*D10
.311*D41

D24
D30
D31
D32
D33
D34
D40
D41
D42
D43
D44
D45

+

.102*D20
.032*D45

+
+

.404*D21
.691 D60

.548
.996
.628
.038
.551
.455
.577
.667
.003
.288
.398
.462

.522

under=understanding; paperfold=paper folding; perscoord=coordination of perspectives;

SR=self-representation. Sctr=self-control; cons=reconstruction of emotions; GCogn=General
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factor of cognizance; vis mem=visual memory; know=knoing emotions; ach, open, sensit, intel

stand for facets of Big Five factors.
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Table 6. Structural relations between school performance and cognitive, cognizance, and personality

processes and across studies.

Study Study 1: Study 2: Study 3: Study 4: Study 5:
executive, executive, reasoning, self- reasoning, self- reasoning, self-
reasoning, reasoning, self- evaluation, self- representation, representation,
awareness of evaluation representation. personality. personality,
mental states. processes. 8-15 10-15 years 10-18 years emotional
4-10 years years intelligence

10-16 years

Model/ Process-  All Process-  All Process-  All Process- All Process-  All

Process specific ~ processes specific  processes specific  processes specific  processes specific  processes
models models models models models

g 15% 27* 22* A5 A7

Executive

Ge .62* 21* .01
Attention 78* .00
WM .00 .00 31*
Flexibility -- .26
R? 1.0 21
CFl 1.00 .95
Reasoning
Gf .88* A41* .34* 52* 59* 67* .50* 52* 43* A44*
Quantitative 32 23* 15 40
Deductive- .35 .25 A1
analogical
Causal 17
Social 24*
R? T7 .34 41 40 33
CFl 1.00 .98 .96 .98 .96
Language .55* Jg1*
R? .30
CFlI .96
Cognizance
Gcogn 54* 27* .07
ACP .84* 52*
R? 1.0 10

CFlI 1.00

Gcogn .25% 22% .00

Gf -.24 .02 A1* 22* A0

Ge 21* 27*

Mathematics 49* 20* 45* 40*
Deductive .18* .25*
Eff/Speed -.20* -.34*

Pre-perform self- 31* 31*

evaluat.
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Post-perform -.14 14*

self-evaluat.

R? .32 .28 .37

CFI .87 .98

GFP -.19 -14 .33* .18
Agreeableness 14

Openness A42* .07 -.03
Conscientious. .35* .28* .24 31*
Neuroticism -.22%

R? .36 22

CFl .92 .90
Emotional 15
intelligence

Understanding .25*
emotions

Reconstruct 29*
emotions

R? 17

CFl 91

Total R? .99 .85 .68 .54 52
CFI 1.00 1.00 .87 .99 1.00

Note: Two sets of models were fit in each study. In the first, academic performance was regressed
separately on each of the three types of processes. In the second, all three types of processes were
involved in the same model. Asterisk indicates significant relations. Variance accounted for is shown in
bold. g: general factor; Ge: general executive factor; Gf: fluid cognition; Gcogn: general cognizance

factor; GFP: General Factor of Personality; CFI is Comparative Fit Index.



