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Abstract
Neurocognitive assessments are fundamental for modeling
human development. The proposition of this article is that
insights from both theory and neuroscience can mutually
advance each other, and both can serve as reciprocal tools
for constructing improved assessments. Children begin
with an abundance of neurons at birth and evolve into
sophisticated problem solvers. Grounded in historical
perspectives shaped by classic figures such as Ramon y
Cajal, Binet, and Piaget, this article delves into the devel-
opmental theory of constructive operators. It integrates
ideas from psychological theory and neuroscience findings.
Four guiding principles emerge that can help steer the
course of developmental cognitive neuroscience (i.e., age
groupings, child-friendly and culture-appropriate assess-
ments, and meta-subjective task analysis). These principles
underscore the benefits of employing theoretically based
measures that highlight cognitive potential in complement
to learning outcomes and have applications both behav-
iorally and in neuroimaging. This strategic approach holds
considerable promise for driving progress in science, ed-
ucation, clinical practice, and policymaking.

© 2024 S. Karger AG, Basel

Children are born with an abundance of neurons.
Neurons are the cells responsible for receiving input from
the environment and sending information to execute ac-
tions or thoughts. In the late 19th century, Santiago Ramon
y Cajal dedicated a considerable portion of his time to
drawing elaborate images of brain cells and persuading his
contemporaries that the brain is composed of neurons that
are distinct cells. Have you ever wondered how these brain
cells help contribute to solving complex problems? This
question has fueled my research curiosity since my early
ventures in science, particularly in the context of human
development. Human development is a complex and
fascinating process that encompasses the physical, cogni-
tive, and socio-emotional growth of individuals. One of the
most prominent figures in cognitive development is Jean
Piaget. Piaget proposed one of the first theories of cognitive
development widely embraced among educators. His
epistemology may have been influenced in part by expe-
riences he had while working on assessments developed by
Alfred Binet and Theodore Simon (the inventors of the
Intelligence test; Piaget, 1952; Smith, 1994). Observing and
recording that children made different mistakes at different
ages might have contributed to Piaget’s theory. In turn,
Piaget’s ideas inspired many developmental psychologists,
some of whom proposed new constructivist theories of
cognitive development called neo-Piagetian theories
(Morra et al., 2012 for review). Having had the privilege of
studying with the first neo-Piagetian, Juan Pascual-Leone
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(1970), I have been inspired to apply theoretical ideas in the
construction of child- and culturally appropriate devel-
opmental assessments of neurocognitive potential.

Neuroanatomical principles have shaped how we view
the brain and psychological theories have shaped how we
view cognition and behavior. Although these fields of study
have evolved separately in the past, the technology and
resources that exist today can help converge knowledge for
an improved understanding of neurocognitive develop-
ment that will lead us into the future. In this article, I
discuss how I use constructivist theory andmeta-subjective
task analysis to construct developmental assessments and
map neurocognitive processes and follow with examples of
how neuroscience findings have helped shape theoretical
ideas about brain-behavior dynamics. This discussion will
distill into a series of fundamental guiding principles that
can help mold the future of cognitive developmental
neuroscience research.

Neo-Piagetian Theory of Constructive Operators

Juan Pascual-Leone, one of Piaget’s former doctoral
students, introduced the theory of constructive op-
erators during Piaget’s lifetime, making him the
pioneering neo-Piagetian to do so. The theory of

constructive operators was conceived in the 1960s,
with its first publication being a mathematical model
aimed at predicting Piaget’s developmental stages
(Pascual-Leone, 1970). The theory of constructive
operators is a general theory of cognitive development
(Pascual-Leone, 1970; Pascual-Leone & Johnson,
2021). A general theory is one that applies across
domains (e.g., visual, verbal, numeric, etc.). It was
shaped by the ideas of Piaget’s developmental con-
structivism, the theories of Vygotsky and Luria
(Pascual-Leone, 1987, 1995, 1996, 2011, 2014; Miller,
2011), along with insights from neuropsychology and
neuroscience.

Operators, Schemes, and a Key Principle in the Theory
of Constructive Operators

The theory of constructive operators is framed in
terms of operators, schemes, and a basic principle of
schematic overdetermination of performance. In short,
operators regulate schemes, and the winning scheme
emerges to signify a motor or mental action by utilizing
the schematic overdetermination principle (Fig. 1). In
more detail below, I outline operators, schemes, and the
key principle.

Fig. 1. An illustration of the theory of
constructive operators. Operators’ initials
are in green boxes, and definitions are listed
in Table 1. Schemes corresponding to ex-
ecutive, operative, and figurative are in
yellow, orange, and purple, respectively.
Gray bidirectional arrows illustrate that
operators regulate schemes, and in turn,
operators can be modified by schemes. The
schematic principle of the over-
determination of performance is illustrated
in red.
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Operators

Operators are content-free general resources that can
apply across any scheme (Pascual-Leone, 1970; Pascual-
Leone & Johnson, 1991, 2005, 2011). Table 1 lists op-
erators in an ontogenetic and phylogenetic order of
emergence. Operators that emerged later are comparable
to domain-general processes, such as executive skills and
effortful attention, whereas operators that emerge earlier
favor the coordination of schemes with specific char-
acteristics such as time and space. Because operators
have specific propensities to regulate schemes, and they
work together, they allow for novel synthesis and
manifestation of performance. Novel synthesis can be a
result of an “aha” moment, which reflects a sudden
breakthrough in understanding. For example, a child
reading may encounter new words, which can be
frustrating. A novel synthesis of schemes by operators
can manifest when the child figures out how to consider
story illustrations and surrounding text to infer new
word meanings. Specifically, the A (affective)-operator
represents an affective regulator and appears first, fol-

lowed by learning (e.g., L-learning and C-content) and
perceiving (i.e., T-temporal and S-spatial) operators,
followed by self-internalizations (B-being operator) and
finally by higher order goal-directed abilities (I-inhibi-
tion, M-mental attention, and E-executive operators).

Operators, like organismic propensities, are proposed
to represent brain structural and functional dynamics
(e.g., Arsalidou, 2003; Pascual-Leone & Johnson, 2005,
2021; Arsalidou & Pascual-Leone, 2016; Arsalidou et al.,
2019). For instance, sub-cortical areas mature biologically
earlier as they are responsible for initiating affective
processes. For instance, the A-operator can reflect the
primary urge for food that triggers a baby’s crying when
hungry. The C-operator reflects associated content
learning by acting in the environment. For instance, a
response to an action: a parent appearing (i.e., response)
after the baby cries (i.e., action) represents this operation.
Acting in the environment creates opportunities for
learning that lead to the emergence of L- and LC-
operators and basic effortless perception of space (pari-
etal lobe) and time (temporal lobe; Kastner & Un-
gerleider, 2000) that are represented by the S-space and

Table 1. Description of operators and their corresponding brain regions in a likely evolutionary order (after Arsalidou, 2003, and
Arsalidou et al., 2019)

Operator Description Brain region

A Specific affective boosting or inhibition processes that intervene in motivation and
attentive arousal

Limbic system

C Both the process of content learning and the schemes derived from associative
content

Primary and secondary
association areas

F The internal field operator together with the Schemes’ Overdetermination Principle
(SOP, see below), which act as brain’s binding mechanism to bring closure to mental
representations in a neo-Gestaltist manner

All areas

LC The process of automatized logical-structural learning reflectively abstracted from
content learning (and other) through over-practice

Right hemisphere

T Effortlessly collates time-flow sequences of schemes, thus facilitating coordination of
temporally structured invariants that constitute distal objects (which emerge in
agency and praxis)

Occipito-temporal

S Facilitates emergence of spatial schemes by effortlessly coordinating relations of
coexistence among activated schemes within the situation

Occipito-parietal

B Self and psychosocial schemas associated with the being of one’s self Default mode network

I The attentional interrupt: it produces the central active inhibition of unwanted
schemes activated by the situation or the mind

Prefrontal

M Effortful mental attentional activation of simple or complex (functional-system)
schemes

Prefrontal

LM Logical-structural learning caused by effortful use of mental attentional capacity Left hemisphere tertiary areas

E Executive, i.e., dominant set of activated executive schemes in the person’s repertoire
that is useful for the task at hand

Prefrontal
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T-time operators. Consider how effortlessly you raise
your hand at the correct height to switch on the light in a
familiar room; this is driven by the S-operator. The
T-operator regulates effortless sequences. For instance, if
a pen rolls off your desk, you have a sense of when to hear
the click it makes when it hits the floor. The field
F-operator reflects a binding mechanism that organizes
schemes. In essence, the F-operator forms the field of
relevant information needed for processing. For example,
when thinking of the scent of bread, the F-operator
creates a field for scents (e.g., freshly baked, buttery,
moldy) to optimize identification and processing for
scents by other operators.

The B-operator regulates self-internalization processes
that relate to affect and cognition. It is expressed in the set
of medial fronto-parietal brain regions often referred to as
the default mode network. For instance, one’s ideas of
how caring, patient, anxious she or he is compared to
others would be regulated by this operator.

Higher order operators are represented in the pre-
frontal cortex as they coordinate effortful processes of
I-inhibition, M-mental attention, and E-executive pro-
cesses. The I-operator effortfully suppresses unwanted
schemes that interfere in a situation. For example, when
driving in a country where vehicles go on the opposite
side of the road than you are used to, the car setup is
typically reserved, and you might automatically reach for
the handbrake or gearstick on the same side as the car you
drive at home. This is a prepotent response and to drive
properly in the new country, you need to actively inhibit
such prepotent motor actions. The E-operator represents
executive know-how and encompasses all sorts of mental
action plans such as updating, switching, sequencing, and
strategizing. It is responsible for devising and im-
plementing a plan for reaching the goal of the task at
hand. For example, an executive plan to implement a
visual search for a “contact us” button on a new website
would be searching from left to right on the top of the
page or left to right at the bottom of the page. An ex-
ecutive plan could also be the steps taken to solving math
equations using parentheses, exponents, multiplication,
and division, and addition and subtraction in this order.
The M-operator represents the energy to execute effortful
mental activities. This operator represents mental at-
tentional capacity that changes with age as well as cir-
cumstances (e.g., fatigue). Below I give examples of how
children of different ages can solve tasks based on their
developmental level. Notably, I consider that constructive
operators work together to optimize the organism’s
potential for survival, and malfunction or elimination of
any of them should elicit an observable deficit. For ex-

ample, damage to the prefrontal cortex should be mea-
surable in deficits to later emergent operators such as
E-executive, I-inhibition, and M-mental attention.

Schemes

Schemes are self-propelling entities that carry infor-
mation (Pascual-Leone & Johnson, 2021). I consider the
“self-propelling” mechanisms of schemes to be founded
on the need for neurons to be active. Neurons that ac-
tivate receive nourishment and energy and ultimately
become stronger and better connected. This is related to
the famous statements about properties of neurons that
fire together wire together by Donald Hebb (1949) and to
the notion of “use it or lose it” championed by Mariam
Diamond (1993). Schemes are represented by bundles of
neurons or circuits and are distributed across the brain
based on their type. There are three main types of
schemes: figurative, operative, and executive. Figurative
schemes lead to perceptions and representations of ob-
jects and concepts. For example, simple figurative
schemes can be objects such as a pencil or an avocado,
whereas complex figurative schemes can be concepts such
as prosperity or equality. Operative schemes correspond
to actions and procedures that can be applied to objects.
For instance, effortless motor actions such as writing the
word “avocado” with a pencil, or eye movements needed
to read this text by a trained reader. Executive schemes
are a subset of operative schemes that embody mental
procedures and plans. Executive schemes apply across
content domains and serve an individual by orchestrating
actions for other operators or schemes. For example, an
executive plan for identifying grammar errors when
proofreading text is to check for the part of speech,
punctuation, singularity and plurality, and pronouns. An
executive scheme for discovering the sorting rule in the
Wisconsin Card Sorting Task is to consider the sorting
rules that are not currently in use and select the one that
has not been used as frequently in the past.

Most schemes are learned by interacting with the
environment and they can dynamically change based on
experience. Consequently, children’s performance often
hinges on the range of schemes at their disposal. For
example, consider two children Child A and Child B both
pointing at the sky toward a flying object. Parent A re-
sponds with a simple “that is a bird,” whereas Parent B
provides a more elaborate response “That is a bird. It is a
seagull. Look how white it is. It must be searching for fish
to eat.” In the absence of prior knowledge, Child A is
likely to form a scheme that defines a bird as something in
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the sky. On the other hand, Child B is likely to construct a
more comprehensive scheme in its repertoire, envisioning
a bird as something in the sky that can be a seagull, is
white, and feeds on fish.

The central sulcus in the brain separates figurative and
operative schemes (Fig. 1). Figurative schemes are or-
ganized in areas of the occipital, parietal, and temporal
cortices, whereas operative schemes are organized in the
frontal cortex. Operative schemes are supported by
supplementary motor and primary motor regions
whereas executive schemes are supported by prefrontal
cortices in a hierarchical fashion. Basic well-known ex-
ecutive schemes are supported by the ventrolateral pre-
frontal cortex, complex but known executive schemes are
supported by the dorsolateral prefrontal cortex, whereas
novel executive schemes creation is supported by the
frontopolar prefrontal cortex (Christoff et al., 2009).
Which hemisphere is going to engage depends on a trade-
off between the mental attentional capacity of the indi-
vidual and the mental attentional demand of the task, as
well as on the novelty versus familiarity of the situation as
explained by the right-left-right hemispheric dominance
model (Table 2).

Distinguishing Left Hemisphere from Right
Hemisphere Functions
Historically, the differentiation between left and right

hemisphere processing was based on the contrast between
verbal-analytical functions attributed to the left hemi-
sphere and visuospatial-global processing associated with
the right hemisphere (Gazzaniga et al., 1962). Critically,
this traditional viewpoint no longer adequately captures
the semantic distinction between the two hemispheres as
research reveals that both hemispheres can activate in
response to various content types, including both verbal
(Turker et al., 2023; Enge et al., 2020, Emch et al., 2019,

for meta-analyses) and visual-spatial ((Li et al., 2019; Li
et al., 2021; Cona & Scarpazza, 2019, for meta-analyses).

Within the theory of constructive operators, the left
and the right hemispheres take a process-based rather
than amaterial-based role (Table 2; Fig. 2; Arsalidou et al.,
2013, 2018; (Pascual-Leone, 1995; Pascual-Leone and
Johnson, 2011, 2021). Specifically, the left hemisphere
favors analytical mental attentional processing, particu-
larly in demanding problem-solving scenarios that re-
quire novel and effortful working memory within the
individual’s mental attentional capacity. In contrast, the
right hemisphere fosters propensities for overlearned or
automatized processing, coming into play in very easy or
very challenging tasks.

Table 2 outlines the conditions that lead to left or right
hemisphere dominance, taking into account task novelty,
the mental demand of the task, and the mental attentional
capacity of the individual (Pascual-Leone and Baillar-
geon, 1994; Pascual-Leone and Johnson, 2011). Hemi-
spheric dominance can be predicted by weighing the
trade-off between mental attentional demand of the task
and mental attentional capacity of the individual (Fig. 2).
Specifically, when task demand is very low and mental
attentional capacity is high, processing tends to favor the
right hemisphere. When mental attentional demand of
the task is close or equal to the mental attentional capacity
of the individual, processing leans toward the left
hemisphere. In cases when mental attentional demand of
the task is greater than the mental attentional capacity,
the right hemisphere is more likely to take the lead.

This distinction offers novel insights into the function
of the right hemisphere, which comes into play in two
different scenarios: (1) during more or less automatized
(easy) processes and (2) when the mental attentional
requirements exceed an individual’s available capacity. In
the latter case, when a task’s mental attentional demand

Table 2. Model of right-left-right hemispheric dominance

Mc/Md
trade-off

Familiarity/
novelty

Hemisphere − strategy Factors of transformation − hemisphere

Md < < Mc High
familiarity

Right − associative heuristic to cope
fast with easy task

With experience remains familiar − processing at right

Md ≤ Mc Novel Left −mental attentional heuristics for
problem solving

With experience becomes familiar, overlearned −
transfer to right

Md > > Mc High novelty Right − associative heuristic to cope
with a too difficult task

With maturation Mc increases, and with experience task
becomes less novel – transfer to left

Mc, mental attentional capacity of the individual; Md, mental attentional demand of the task (adapted from Arsalidou et al.,
2018).
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surpasses what the left hemisphere can handle alone, the
right hemisphere is activated in search of potentially
useful overlearned or automatized schemes. This right-
left-right hemispheric dominance model is not limited by
the domain of the scheme or the type of scheme. Ulti-
mately, schemes engage, and performance is character-
ized by a motor or mental output. The output corre-
sponds to the scheme that is applied. The scheme that will
eventually apply is defined by the principle of schematic
overdetermination of performance.

Principle of Schematic Overdetermination of
Performance

The principle of schematic overdetermination of
performance defines the process for scheme application
(Pascual-Leone & Johnson, 1991, 1999, 2005, 2011). In
each situation, affective schemes provide the vital energy
for relevant schemes to apply. Affective schemes provide
the impetus or motivation for performing a cognitive or
motor action. For example, one looks for food when one
is hungry. The sensation of hunger motivates the need for
using cognitive and motor resources to search for food
because it is needed for survival, often called a primary
reward. Secondary rewards, such as monetary rewards,
share sub-cortical brain correlates with primary
rewards (Arsalidou et al., 2020), and can also motivate
cognitive actions. This is vital because, in essence, every
cognitive goal is motivated by an affective goal (e.g.,
relieving hunger, quenching thirst, finding a mate, ac-
quiring resources, rising up the social ladder) that con-
tributes to survival.

After the affective goal is set and when needed, ex-
ecutive schemes can regulate which schemes can be in-

hibited and activated. The scheme with the highest energy
will eventually apply. In other words, it is a winner-takes-
all principle in line with Sherrington’s neural principle of
a final common path (Sherrington, 1906; McFarland &
Sibly, 1975). Sherrington explained elegantly: “Where it is
a question of ‘mind’ the nervous system does not integrate
itself by centralization upon one pontifical cell. Rather it
elaborates a million-fold democracy whose each unit is a
cell.” (Sherrington, 1940, p. 277). In the case of the theory
of constructive operators, the principle of schematic
overdetermination posits that all compatible schemes are
activated, and the one with the strongest activation will
apply to determine performance.

The F-operator works with this principle to integrate
and provide closure so that the winning scheme can
apply. For example, when answering the question: “What
is the tallest land mammal?” A set of schemes associated
with large animals are cued and activated. Considering
the cues for “mammal,” “land,” and “tallest,” for most of
us, the strongest scheme would be “giraffe.” Problem
solving with higher complexity also mobilizes this
principle. The theory of constructive operators oper-
ationalizes problem solving within the model of endog-
enous mental attention.

Model of Endogenous Mental Attention
The model of endogenous mental attention outlines

the mechanisms that give rise to effortful thoughts and
actions (Fig. 3; Pascual-Leone & Johnson, 1991, 2005,
2011). Consider the tallest land mammal example. Ev-
eryone has a repertoire of schemes of different types,
figurative, operative, and executive, as illustrated by the
large rectangle in Figure 3. If you are sufficiently moti-
vated to answer the question when you think of a
mammal, the field of activated schemes that is nested

Fig. 2.An illustration of the right-left-right hemispheric dominance hypothesis. Colors yellow, orange, and purple
represent executive, operative, and figurative schemes.
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within the repertoire of schemes activates mammals
rather than insects, reptiles, or other things. Then the
question gives a clue that we are searching for a land
mammal, so dolphins and whales are excluded. As the
number of clues increases, working memory, which is
nested within the field of activated schemes, regulates the
next level of abstraction. Now the question clues for the
tallest land mammal and mental attention that is nested
within working memory evaluates possible options; al-
though other candidate land mammals such as elephants
are tall and could be the heaviest, the giraffe wins this race
as the tallest land mammal. Thus, we can visualize a
metaphorical flashlight shining on the giraffe scheme.

More technically, operators E, M, I, F, and A regulate
schemes to produce effortful outcomes. The A-operator
offers affective value to the need for partaking in an
effortful mental task; in other words, it motivates
thoughts and actions. The E-operator designs and im-
plements the executive plan to coordinate resources and
schemes. The F-operator acts at every nested level to
regulate relevant schemes and with the schematic prin-
ciple of overdetermination of performance eventually
helps determine which scheme will apply. The I-operator
suitably interrupts distractors and inhibits salient irrel-
evant schemes. Mental attention, the M-operator, illus-
trated by the central circle in Figure 3 represents the
amount of energy available for activating schemes and
problem solving.

The M-operator corresponds to the individual’s
mental attentional capacity. Mental attentional capacity is
limited and corresponds to the amount of energy an
individual can allocate to problem solving. In terms of
schemes, it corresponds to the energy needed to activate
or inhibit available schemes in an effort to problem solve.
As a general-purpose resource, it can apply to all types of
schemes. According to the theory of constructive oper-
ators, mental attentional capacity grows in infancy,
childhood, and adolescence. The sensory-motor scale
accounts for the typical growth in mental attention
during the first 2 years of life. In the third year, the
symbolic scale takes over, charting the typical expansion
of mental attention up to the age of 16 years (Pascual-
Leone, 1970; Pascual-Leone & Johnson, 2005, 2011,
2021).

Theoretically, the symbolic scale predicts that mental
attention increases by one unit every 2 years (Table 3).
Empirical research has supported this growth function
(e.g., Pascual-Leone, 1970; Bereiter & Scardamalia, 1979;
Lawson, 1983; Johnstone & El-Banna, 1986; Pascual-
Leone & Baillargeon, 1994; Pennings & Hessels, 1996;
Morra, 2001; Johnson et al., 2003; Pascual-Leone &
Johnson, 2005; Im-Bolter et al., 2006; Agostino et al.,
2010; Arsalidou et al., 2010; Morra et al., 2011, 2013;
Powell et al., 2014; Arsalidou & Im-Bolter, 2017; Milani
et al., 2022). Age-appropriate performance can be as-
sessed using tasks adjusted for the mental attentional

Fig. 3. Flashlight illustration of the model of
endogenous mental attention. E-, M-, I-, F-,
and A-operators are shown in green boxes,
and the principle of schematic over-
determination of performance is depicted in
red. Operator information is listed in
Table 1. Colors yellow, orange, and purple
represent executive, operative, and figura-
tive schemes.
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demand of the task, which can be determined using meta-
subjective task analysis. Meta-subjective task analysis can
be used to model performance based on individual
characteristics, content, and context (Arsalidou, 2013;
Pascual-Leone & Johnson, 2005). Whereas content refers
mainly to material presented, context refers mainly to the
processes needed for tackling a problem. These situa-
tional factors can be sorted in terms of the degree of
facilitation or misleadingness.

Distinguishing between Facilitating and Misleading
Situations
In the theory of constructive operators, a critical

distinction is made between facilitating and misleading
situations. This differentiation is essential for under-
standing which cognitive operators come into play.
Imagine a continuum: on one end, you have straight-
forward situations with clear-cut solutions, and on the
other, you encounter complex situations with obscured
solutions that demand concentrated effort. These are,
respectively, known as facilitating and misleading situ-
ations (Pascual-Leone, 1970, 1980, 1989).

In the context of the theory of constructive operators, a
situation is considered misleading when it augments
cognitive demands due to prominent, irrelevant features
(e.g., Stroop task) or different processes that activate
schemes (e.g., dual tasks), leading individuals to errors in
contrast to the intended task performance (Pascual-
Leone, 1989; Pascual-Leone & Johnson, 2005). Mis-
leading situations often involve integral features that
interfere with or elicit conflicting executive plans, ne-
cessitating a division of attention and a more effortful
approach to achieve the intended outcome (Pascual-
Leone & Baillargeon, 1994).

Misleading situations often have context with integral
features. Integral features refer to aspects of the situation

that, due to perceptual and learning processes, appear to
be interlinked into a single salient object or pattern. For
example, when searching for a specific figure within a
complex pattern or context (Witkin 1949; Witkin &
Goodenough, 1981). Consider Witkin’s Embedded Fig-
ures Task as an instance (Witkin, 1950), where a figure,
like a triangle, is concealed within the intricate compo-
sition of the entire figural compound. Each part of the
triangle belongs to distinct components within the
compound, making it challenging to discern.

Another type of misleading situation is encountered in
the Stroop task (Stroop, 1935), where individuals must
resist the automatic response of reading color words and
instead focus on naming the ink colors. Children and
adults who can read experience the Stroop effect (e.g.,
Arsalidou et al., 2013). The Stroop task is renowned for
measuring inhibition, requiring individuals to suppress the
automatic reading response to attend to the incongruent
ink color. Successfully navigating misleading situations
involves actively inhibiting perceptually salient or auto-
mated distractions, be they irrelevant features or actions.

Competing executive plans can also introduce mis-
leading situations, particularly when attempting to
multitask. Dual-task paradigms, such as those outlined by
Daneman and Carpenter (1980) and Engle (2001), aim to
explore this topic. Engaging in dual tasks requires si-
multaneously managing two tasks, like reading sentences
and keeping track of numbers, leading to interference
between the goals of both tasks and creating a misleading
executive context (Cowan & Morey, 2007).

In contrast to misleading situations, facilitating situa-
tions predominantly feature task-relevant schemes that
align with the requirements of the task (Pascual-Leone &
Johnson, 1991, 2005, 2011). A typical example of a facil-
itating situation is found in pro-saccade tasks, where
participants are instructed to make an eye movement to-
ward a conspicuous visual target. Conversely, anti-saccade
tasks involve suppressing the automatic orienting reflex to a
visual cue and intentionally making eye movements in the
opposite direction. Anti-saccade tasks contain a strong
misleading component, necessitating the suppression of the
automatic urge to look at the cue. Consequently, anti-
saccades engage prefrontal cortices (Jamadar et al., 2013), a
region associated with executive schemes for controlling
attentional activation and inhibition, requiring intentional
and effortful cognitive control.

Facilitation and misleadingness exist on a dynamically
graded continuum, meaning a situation can vary in its
degree of facilitation or misleadingness, significantly
impacting the cognitive operators needed for task reso-
lution. The determination of a task’s degree of

Table 3. Symbolic scale showing theoretically predicted values
of mental attentional capacity as a function of age

Age, years Mental attentional capacity

3–4 1

5–6 2

7–8 3

9–10 4

11–12 5

13–14 6

15–16 7
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misleadingness or facilitation calls for a thorough meta-
subjective task analysis. A main purpose of meta-
subjective task analysis is to utilize content and context
to model themental attentional demand of a task given an
exemplar problem solver.

Meta-Subjective Task Analysis
Meta-subjective task analysis is a theory-informed, ra-

tional approach used to estimate the quality (i.e., operative,
executive, and figurative) and quantity of operators and
schemes needed to complete a task by an exemplar par-
ticipant (Pascual-Leone & Johnson, 2021). It earns its
“meta-subjective” title because it is a method that seeks to
model task-solving steps from the vantage of an individual’s
perspective. The step with the highest scheme count indexes
the mental demand of the task. The theory of constructive
operators equips us with the fundamental constructs and
essential elements to model basic process components.

The trade-off between themental attentional demand of
the task andmental attentional capacity of the individual is
used to assess performance levels. Specifically, if a child has
a mental attentional capacity of 3, then this child should be
able to successfully complete tasks with mental attentional
demand of 3 or less (Table 3). Mental attentional demand
is the minimal number of schemes that an individual can
activate simultaneously to complete a task.

Consider Piaget’s water conservation task (Fig. 4), a
measure of conservation of continuous quantity. A child is
presented with two identical tumbler (i.e., short) glasses

filled with the same amount of liquid. The child is asked to
evaluate whether short glass A (sglassA) and short glass B
(sglassB) have the same amount of juice (or liquid). After
the child verifies the amount of juice is the same, the ex-
perimenter takes one glass (say glass B) and transfers the
liquid into a tall glass B (tglassB). Then the experimenter
asks the child to look at the glasses (now short glass A and
tall glass B) and evaluate whether the amount of juice is
more in one glass or the other glass or whether it is the same.
In notation of ameta-analysis scenario, there are three steps.
Step 1 shows that there are two operative schemes, first the
child scans and extracts liquid level (#SCANEX-
TRACTLiquidlevel) for short glass A and short glass B and
second evaluates (EVALUATE) to provide a response.
Figurative schemes that correspond to the glasses are fa-
cilitating and salient in this case; therefore, they do not load
mental attention. Step 2 has two operative schemes for the
transformation (TRANSFORM) of the liquid from short
glass B to tall glass B and the child must watch (WATCH)
the process. The third step has two operations and one
figurative scheme that counts toward the mental attentional
demand of the step as the child nowmust extract liquid level
and evaluate; however, the one figurative scheme, liquid
level of tall glass B (tglassB), is misleading as the liquid level
has transformed in the previous step. Figure 4 illustrates the
steps and in the caption, I have used underlining in the
formula to indicate the schemes in each step that must be
held active using mental attentional capacity. Specifically,
step 1 and step 2 have a mental attentional demand of 2,

Fig. 4.Meta-subjective task analysis of Piaget’s conservation task. Underline in the formula indicates the schemes
in each step that count toward the mental attentional demand of the step. Step 1 = M [EVALUATEL1

(#SCANEXTRACTLiquidlevel <sglassA, sglassB>)]. Step 2 =M [WATCH (#TRANSFORM <sglassB, tglassB>)].
Step 3 = M [EVALUATEL1 (#SCANEXTRACTLiquidlevel <sglassA, tglassB>)].
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whereas step 3 has a mental attentional demand of 3. Thus,
a child with a mental attentional capacity of 3 or more
should be able to successfully solve Piaget’s conservation
task. According to theoretical predictions by the theory of
constructive operators, children of 7 years and older should
be able to solve the task.

In my research, I have used meta-subjective task an-
alyses to construct parametric measures of mental at-
tentional capacity (see Arsalidou et al., 2010 for meta-
subjective task analysis formula). In the color matching
task (CMT; Fig. 5) participants are asked to play a game
with colors. They are presented with a charming creature
that has several body parts such as face, arms, and legs
with different colors. The players are asked to determine
whether the relevant features (i.e., colors) of the current
creature match (i.e., indicate the same or different) those
of the immediately preceding creature. This means
players respond to whether the relevant set of colors is the
same or different in consecutive items. Notably, the colors
blue and green are irrelevant, and the players are asked to
ignore blue and green when making a decision. The
difficulty of a trial is determined in part by the number of
relevant colors that can range from one to six or more.

Using meta-subjective task analysis, we can map one
primary operation: which is the executive scheme used to
scan and identify that applies to relevant colors (figurative

schemes) that range typically from one to six across items.
Besides ignoring irrelevant colors, participants must also
disregard factors such as color location, the creature’s
face, and the integrated compound figure of the creature,
including its body parts like gloves, buttons, and shoes.
These distracting and misleading elements are crucial in
estimating the task’s mental attentional demand because
they lead players to adopt error-avoiding strategies by
effortfully extracting relevant schemes – thus requiring an
additional executive scheme. Thus, one can estimate the
mental attentional demand of an item to be two executive
schemes plus the number of relevant colors. In other
words, to quantify the mental attentional demand for an
item with n relevant colors, the estimate should be n + 2
executive schemes. For instance, a task with four relevant
colors will have a mental attentional demand of six
(Fig. 5). Knowing that children of 13–14 years of age have
a symbol-processing mental attentional capacity of six
(Table 3), they should be able to successfully complete
this level of task difficulty, whereas younger children
would not. Children are assigned a mental attentional
capacity score corresponding to the mental attentional
demand of the highest item level they can reliably pass.

Empirical findings (Arsalidou et al., 2010; Powell et al.,
2014; Milani et al., 2022) provide robust evidence for the
construct validity of this constructivist-developmental

Fig. 5. An illustration of the color matching task with four relevant colors. All colors are relevant except blue
and green. Players are asked to remember the relevant colors and indicate if the next creature has the same or
different relevant colors. Colors can change location and the face does change. Images are presented for 3 s with
a 1 s interstimulus interval.
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modeling, first proposed over five decades ago (Pascual-
Leone, 1970; Pascual-Leone & Baillargeon, 1994; Pascual-
Leone & Johnson, 2005, 2011). The consistency of quan-
titative scores obtained across different task types and age
group samples underscores the developmental reliability
and construct validity of this measurement method, which
is notably culturally inclusive (Arsalidou & Im-Bolter, 2017;
Miller, Pascual-Leone, & Andrew, 1992; Miller, Pascual-
Leone, Campbell, & Juckes, 1989; Pascual-Leone, 2000).

In addition to the powerful technique of meta-
subjective task analysis, another notable strength of the
theory of constructive operators is that it offers a neu-
roscientific representation of fundamental constructs and
processes. Critically, a comprehensive neuroscience
model of human development is an ongoing endeavor
and a reciprocal knowledge exchange between theory and
neuroscience is needed for continued progress.

Reciprocal Knowledge Construction between
Neuroscience and Theory: Examples from Higher
Order Cognition
Higher order cognition refers to processes that go be-

yond sensory perception and simple or automatic pro-
cesses. It refers to complex problem-solving that requires
coordination of schemes and strategies. Behavioral data
obtained during problem-solving typically reflect a mea-
surable output of response, often recorded as some metric
of reaction time and accuracy. Generally, problem solving
is set in motion by a stimulus and unfolds over a period
before a response is generated. To glean insights into the
mechanisms of the interval between the stimulus and the
response, it is crucial to deduce the nature of these un-
derlying processes. In the past, before the advent of
neuroimaging techniques, inferring these post-stimulus,
pre-response mechanisms relied mainly on philosophical
and theoretical ideas. However, with the introduction of
neuroimagingmethods, we now have a means of gathering
evidence that sheds light on the processes leading up to a
response. In the past 3 decades, functional magnetic
resonance imaging (fMRI) has transformed the way we
view the brain, reshaping the field by either providing
support for certain theoretical concepts, challenging
others, or uncovering novel mechanisms that contribute
valuable insights to theoretical frameworks.

When planning the first functional neuroimaging
study using the CMT, I predicted that fronto-parietal
areas would increase in activity as a function of multiple
levels of the color matching task (Arsalidou et al., 2013).
According to the theory of constructive operators and the
meta-subjective task analysis we prepared (Arsalidou
et al., 2010), I expected that two executive schemes should

engage the prefrontal cortex and figurative schemes
should engage the parietal cortex. Indeed, analyses of
fMRI data revealed large clusters increased in activation
as a function of difficulty in bilateral inferior and middle
frontal gyri (Brodmann areas, BA, 9, 46, 10) and bilateral
parietal activation in the precuneus (BA 7), and right
inferior parietal lobule (BA 40). However, results also
revealed an extensive set of regions that included the
dorsal cingulate (BA 32), the anterior insula (BA 13), and
the fusiform gyri (BA 37). We attributed activity in the
dorsal cingulate and anterior insula to initiating moti-
vated behaviors that theoretically correspond to the
A-operator that controls affect. The fusiform gyri showed
a marked increase in higher levels of difficulty attributed
to navigating the image more intensely to extract relevant
colors, which theoretically corresponds to the T-operator
that coordinates sequences of action. Thus, these neu-
roimaging data converge with understanding of theo-
retical constructs and provide a more detailed signature
of the processes that underlie problem solving in the
visual-spatial domain with multiple colors.

In the same CMT study, the observation of a specific set
of brain regions exhibiting a linear decrease in activity as
task difficulty increased was even more intriguing (Ar-
salidou et al., 2013). These regions included the medial
frontal gyri (BA 10), anterior cingulate (BA 32), posterior
cingulate (BA 31) and superior temporal gyri. Notably,
these areas were consistent with the default mode network,
a set of areas primarily along the brain’s midline that
become active in the absence of a task, typically during self-
referential thinking (Raichle et al., 2001; Spreng et al.,
2009). Considering only behavioral knowledge and the-
oretical ideas of cognition, there was no foundation for
predicting a linear decrease in default mode-associated
areas with increasing task difficulty. When Raichle and
colleagues (2001) first introduced the concept of the de-
fault mode network, it seemed counterintuitive to consider
that apparent rest elicited consistent and substantial brain
activity. However, this phenomenon of brain activation in
the absence of a task has since become an established
concept, linked to various self-referential functions such as
autobiographical memory and theory of mind (Spreng
et al., 2009 for meta-analysis). In the context of my study,
with multiple levels of task difficulty, the findings un-
derscored the linear and anti-correlated properties of the
fronto-parietal and default mode networks. This is a
compelling example of how neuroscience can inform
theories by providing novel insights on brain dynamics.

Theoretically, mental attention is nested within
working memory. Working memory is a core cognitive
resource and a popular topic of investigation for

Tools to Assess Neurocognitive
Development

Human Development
DOI: 10.1159/000540164

11

D
ow

nloaded from
 http://karger.com

/hde/article-pdf/doi/10.1159/000540164/4273612/000540164.pdf by guest on 14 O
ctober 2024

https://doi.org/10.1159/000540164


functional neuroimaging studies. I am interested in un-
derstanding the brain foundations of such core cognitive
resources and recognize that individual studies may not
provide definite answers. Consequently, quantitative
meta-analyses of fMRI studies provide great value in
understanding brain patterns. Several meta-analyses have
been published examining overarching brain patterns
associated with working memory in adults (Rottschy
et al., 2012; Yaple et al., 2019), reporting concordance
mainly in fronto-parietal brain regions. From a neuro-
science empirical perspective, one would expect that
children should also show concordance in fronto-parietal
brain regions.

Collaborating with a graduate student at the time, we
conducted quantitative meta-analyses of brain responses
to the n-back task in children and adults (Yaple & Ar-
salidou, 2018). The n-back task asks participants to in-
dicate whether the current stimulus matches the stimulus
n times back. This was the first study to examine con-
cordance of brain activity in children, with an average age
of 10.61 ± 1.75 years. Our findings revealed significant
concordance in bilateral parietal regions (BA 7, 40), along
with activity adjacent to the dorsal cingulate and the
anterior insula. Thus, children’s results were partially
aligned with our expectation that children would engage
the parietal areas of the front-parietal network. However,
the lack of significant concordance in lateral prefrontal
areas was most intriguing. In the course of our investi-
gation, we meticulously compiled data on prefrontal
activations reported by original articles revealing that
children did engage prefrontal cortices during problem
solving. Critically, activation patterns in the prefrontal
cortex were notably inconsistent across studies. The
prefrontal cortex constitutes about 12.5% of the total
brain volume in humans (McBride et al., 1999). Rela-
tively, this is a large proportion. Some of the original
studies we included in our meta-analysis showed activity
in the inferior frontal cortex, whereas others showed
activity in the middle frontal cortex, and yet others
showed activity in both hemispheres while others favored
one hemisphere. This variability aligns with the theo-
retical perspective proposed by the right-left-right
hemispheric dominance hypothesis, which posits a
hemispheric contribution influenced by the trade-off
between the mental attentional capacity of the individ-
ual and the mental demand of the task. Based on the
theory of constructive operators, and the right-left-right
hemispheric dominance model, the age-related trajectory
in mental attentional capacity suggests that children at
different ages should be able to solve different problems
by favoring different hemispheres. Thus, this is an ex-

ample where neuroscience and theory can work together
to offer a novel perspective of developmental brain-
behavioral mechanisms.

Because in science findings need to be replicated, I
offer another example that shows lack of concordance in
prefrontal areas; however, the topic now is mathematical
cognition. Similar to the findings from the working
memory meta-analysis, children solving problems with
numbers did not show significant concordance in pre-
frontal regions, rather concordant activity was observed
in cingulo-opercular regions, which I attribute to the
maintenance of motivated behaviors (Arsalidou et al.,
2013, 2018). This meta-analysis covering mathematical
problem solving in children reveals that they predomi-
nantly activate the right parietal cortex when solving
number tasks (i.e., symbolic and non-symbolic number
judgments; Arsalidou et al., 2018). Comparatively,
number tasks are processed by simpler figurative
schemes. Whereas calculation tasks (i.e., arithmetic op-
erations such as addition and multiplication) primarily
engage the left parietal cortex as math operations involve
more challenging and relational figurative schemes that
require coordination within the child’s mental attentional
capacity. In accordance with the right-left-right hemi-
spheric dominance model, simple number tasks activate
the right hemisphere, whereas calculation tasks more
extensively implicate the left hemisphere. Overall, these
are compelling examples in my work that show how
theoretical ideas can help explain neuroscience data and
neuroscience research can inform theory, so we can drive
knowledge on age-related modeling of brain activity.

NeuroPsyLab’s Guiding Principles for Research on
Developmental Science
Developmental science is a broad interdisciplinary

field that encompasses all dimensions of human devel-
opment, including biological, psychological, social, and
cultural. Developmental neuroscience, a subfield of de-
velopmental science, utilizes neuroscience techniques to
study biological underpinnings and mechanisms related
to the nervous system. Neuroimaging is a set of neuro-
science techniques used for studying brain correlates. It is
important to recognize that neuroimaging methods are
typically first established with young adults. However,
methods and practices validated with young adults are
not always suitable for research involving other age
groups. For example, young adults are more likely to
participate in longer MRI sessions (e.g., >1 h); however,
MRI sessions for children or older adults should be
shorter (e.g., <1 h). Further, most MRI studies involving
young adults typically include participants aged between
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20 and 30 years, a period in adulthood when behavioral
performance is relatively stable. In contrast, children in
MRI studies, usually aged between 7 and 17 years old,
experience significant changes in brain and behavioral
factors during this developmental period. Thus, MRI
tasks validated for young adults are not always suitable for
use with children because of cognitive performance
differences (Arsalidou & Pascual-Leone, 2016). Technical
challenges and practical advice for pediatric neuro-
imaging such as using mock scanners to familiarize
participants with the environment, using pediatric MR
head coils, and language choices for informing parents
have been discussed (e.g., Jones et al., 2020; Leroux et al.,
2013; Raschle et al., 2012). Here I focus on guidelines
founded on ideas from constructivist-developmental
theory for advancing developmental science in general
and cognitive developmental neuroscience in particular.

I find great satisfaction in studying complex cognitive
processes from an age-related perspective and have
founded the NeuroPsyLab in an effort to advance
knowledge in measurement and evaluation of higher order
neurocognitive abilities across the lifespan. I have inves-
tigated behavioral and brain correlates of core executive
processes and decision making such as mental attention
(Arsalidou et al., 2010; 2013; Bachurina & Arsalidou, 2022;
Bachurina et al. 2022; Milani et al., 2022), working
memory (Yaple & Arsalidou, 2018; Yaple et al., 2019),
reward processing (Yaple et al., 2020), inhibition (Arsa-
lidou et al., 2013; Hung et al., 2018), and mathematical
cognition (Arsalidou et al., 2018; Arsalidou & Taylor,
2011). Recognizing the dynamic nature of neurocognitive
processes across development, I adopt and teach a multi-
level approach in my investigations. This approach allows
me to more comprehensively examine and model how
these complex processes evolve with age. In pursuit of
these scientific inquiries, I follow four guiding principles
that remain at the forefront of my scientific endeavors.

Age Groupings
I use age both as a continuous and categorical variable

depending on the hypothesis. Although considering age
as a continuous variable has its merits, it is limited in the
type of questions this method can address. When non-
linear or age-related effects are being evaluated, catego-
rizing age simplifies data analysis and interpretation. For
instance, in developmental neuroscience, this can be
particularly meaningful when studying brain micro-
structural differences using diffusion tensor imaging
(Buyanova & Arsalidou, 2021). Developmentally ap-
propriate age grouping can minimize confounds and
advance hypothesis development. Constructivist theories

and the theory of constructive operators, in particular,
posit that children’s cognitive trajectories follow multiple
measurable steps. Therefore, I am very careful in selecting
age groups. When working with school-age children, for
instance, I typically aim for grouping children, using
Table 3. Notably, there are also stages of adulthood, albeit
these trajectories vary by 10–15 years; you can read more
about adulthood cognitive milestones (Pascual-Leone,
1983). As empirical research documents cognitive vari-
ations with age (e.g., Hartshorne & Germine, 2015), when
specifying the age range for young adults I aim for 20–30-
year-olds. In essence, because cognitive and brain de-
velopment are dynamic processes, it is fundamental to
have targeted and clear justification for age group
selection.

Child-Friendly Assessments
Developmentally appropriate assessments can advance

predictive power and minimize motivational issues in
investigations with different age groups. Ideally, measures
for assessing individuals of variable capabilities should be
tailored from a developmental standpoint, taking into
consideration unique characteristics of different age
groups. Frequently, tasks utilized in cognitive develop-
mental neuroscience are adaptations of tasks designed for
adults (see discussion in Arsalidou & Pascual-Leone,
2016). This is rooted in part in the fact that neural
correlates of most constructs are typically explored in
adults first. However, it is imperative to recognize, in line
with constructivist-developmental theorizing, that chil-
dren are not merely miniature versions of adults. For
instance, in fMRI research, child-friendly paradigms
should favor a block-design to improve power, shorter
acquisition runs (i.e., two 5-min runs rather than a 10-
min one) with more breaks (i.e., scanning sequences) to
ensure that children are still engaged and shorter overall
scanning time to ensure that children are not tired.
Consequently, tasks employed to investigate cognitive
and brain processes in child samples should be inherently
suitable for the developmental trajectories of the indi-
viduals involved. Considering both the quantity and
quality of operations and schemes needed for problem
solving enables the estimation of the mental demand of a
task. This estimation can then be aligned with age-related
expectations (see meta-subjective task analysis for
method).

Culture-Appropriate Assessments
Culture relies on content and experience and is

critical when choosing assessments. Because perfor-
mance relies at least on motivational (e.g., affective
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processes), core cognitive (e.g., mental attention), and
available repertoire (e.g., schemes), one needs to be very
clear on what they are measuring. Many assessments
evaluate content knowledge (i.e., available repertoire),
rather than core cognition (e.g., mental attention) that I
consider the foundation of learning potential. Intelli-
gence tests are an example of content-based tests, where
children with homogeneous experiential opportunities
can be evaluated on (Liashenko et al., 2017). The Pro-
gram of International Student Assessment (PISA) also
evaluates students on content learning (math, science,
reading). Critically, staggering performance differences
among youth show that resources and opportunities are
not homogeneous across cultures, countries, and com-
munities. Therefore, I spend a lot of my time exploring
and explaining that tasks that assess learning potential
(not based on past content knowledge) need to com-
plement assessments of content learning (based on
content knowledge). In essence, tasks of content learning
evaluate what children have learned, whereas tasks of
learning potential evaluate what children are capable of
learning. Tasks of mental attentional capacity are suit-
able for culture-appropriate assessment of learning
potential as performance on such tasks does not pri-
marily rely on complex content and experience. Spe-

cifically, measures of mental attentional capacity use
simple concepts that have minimal background re-
quirements. For example, most school-aged children
have experience with colors, letters, and numbers.
During the training phase, it is confirmed that children
can distinguish the colors, letters and numbers before
the main test begins. As all the task rules are taught
during training and the content is simple and familiar,
these measures place minimal cultural requirements and
thus are more appropriate for evaluating performance
across cultures. For this reason, in my research I use
parametric measures of mental attentional capacity.
Parametric measures of mental attentional capacity are
valuable tools for behavioral and neuroimaging as-
sessments (Table 4: Arsalidou & Im-Bolter, 2017).

Meta-Subjective Task Analysis
When (1) designing tasks, (2) developing hypotheses,

or (3) when trying to understand complex findings, I use
meta-subjective task analysis. Performing meta-
subjective task analysis offers at least three notable ad-
vantages. First, it is particularly valuable in the design of
new tasks aimed at assessing various forms of perfor-
mance. Second, it facilitates hypothesis development by
enabling the qualification and quantification of schemes

Table 4. Distinguishing characteristics of parametric mental attentional capacity measures

1 Controlled assessment of variable performance: parametric measures of mental attentional capacity introduce multiple
difficulty levels with constant executive demand (i.e., rules) and a controlled number of figurative schemes (e.g., features or
objects) to be processed. This design enables younger children to succeed at easier levels, whereas older children can
progressively attain items with higher levels of difficulty

2 Unified scaling and metric: employing the same scaling (e.g., difficulty levels, trial numbers, trial length) and metric
(comparable scores) across domains ensures methodological consistency (Milani et al., 2022). This is particularly crucial when
evaluating cognitive abilities in cross-cultural and atypical samples, thus preventing confounding factors arising from
disparate task characteristics

3 Flexibility in constructing difficulty levels: parametric task difficulty, coupled with constant executive requirements, allows for
the construction of graded difficulty levels through simple manipulations. For example, the color matching task’s executive
requirement remains constant, with difficulty manipulated by altering the number of colors to be compared

4 Simultaneous behavioral and neuroimaging data collection: for samples with restricted capabilities, the concurrent collection
of behavioral and functional neuroimaging data proves efficient. Tasks like the color, letter, or number matching task (Milani
et al., 2021) offer interpretable indices from a single assessment, thereby saving valuable time for children and their families

5 Statistical analysis options: multiple difficulty levels in a task facilitate various statistical analysis options for brain responses as
a function of age. This includes examining brain activity within an age group across difficulty levels, assessing brain responses,
based on individual performance, and analyzing brain responses according to theoretical expectations for each age group

6 Contrasts of difficulty levels across domains: the methodology permits direct contrasts of difficulty levels across different
cognitive domains. This enables the examination of whether brain responses to a specific difficulty level in one domain
significantly differ from the responses in another domain

7 Within-child performance comparison: quantifying mental attentional capacity allows for comparisons within a child’s
performance history and against theoretical developmental expectations. This individualized approach, distinct from
normative comparisons, provides a developmental baseline for intervention protocols
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required for problem-solving, thus predicting whether
children within a specific age group possess the content
(pretraining to scheme quality and type) and capacity
(i.e., pertaining to quantity of schemes) to tackle a task.
Third, the classification of schemes and operators in steps
can inform brain mechanisms in support of a priori
hypothesis development or a posteriori data interpreta-
tion. For example, a sequential step approach used in
Meta-subjective task analysis can model the cognitive and
brain resources needed for a problem-solving strategy
from the vantage of a child (i.e., considering various task
and individual factors such as complexity and experience,
Tables 1 and 2). Assessing the mental demand of a task
has demonstrated its value in an investigation of artificial
intelligence (machine learning) algorithms utilized for
predicting performance (Bachurina et al., 2022). Specif-
ically, the mental demand of the task ranked as one of the
top most influential features in predicting individual trial
performance using machine learning models. Overall,
these advantages have implications in research, industry,
education, and clinical practice. For instance, meta-
subjective task analysis can be a valuable tool for as-
sessing effectiveness of educational interventions.
Through the assessment of the mental attentional de-
mands of tasks and the requisite quality and quantity of
schemes, educators and researchers can determine the
suitability of these tasks for distinct age groups or in-
dividuals with differing cognitive capacities. This evalu-
ation ensures that educational materials and interven-
tions are precisely tailored to the mental attentional
capacity of the target audience, thereby enhancing their
learning and problem-solving experiences.

Conclusion

Through the lens of the theory of constructive oper-
ators (Pascual-Leone, 1970; Pascual-Leone & Johnson,
2021), the first neo-Piagetian theory, I conceptualize
development in terms of operators, schemes, and a key
principle (Fig. 1). These theoretical constructs are ex-
plained with relatable examples, and their brain repre-
sentations are proposed (Table 1). The roles of the left and
right hemispheres are discussed in terms of a trade-off
between familiarity and novelty and a trade-off between
demand of the task and the mental attentional capacity of
the individual (Table 2; Fig. 2). Mental attention, a
maturational limited resource (Table 3), applies across
content domains (Fig. 3), and in part drives develop-
mental change. This article also presents examples of how
facilitating and misleading factors can influence task

difficulty and affect performance. The theory section
concludes with a systematic method for evaluating task
demand called meta-subjective task analysis.

Importantly, this article elaborates on concrete ex-
amples from my research on mental attention and
mathematical cognition to illustrate that developmental
constructivist theory is crucial in developmental cognitive
neuroscience and evidence from neuroscience can inform
and advance developmental constructivist theory. Con-
structivist theory combined with my background in
neuroscience has led me to design tasks that adhere both
to developmental principles and neuroimaging consid-
erations to advance assessments in developmental science
(Table 4).

Developmental science is vast in terms of dimensions,
including psychology, neuroscience, etc. It faces the chal-
lenge of explaining what changes with development.
Therefore, I present four guiding principles inspired by
constructivist cognitive theory that have informed my re-
search: age groupings, child-friendly assessments, culture-
appropriate assessments, and meta-subjective task analysis.

Many questions about human development remain
open. Theories, methods, practices, and data are tools in
the service of science and must withstand the test of time.
Therefore, I advocate an “in” inclusive, international, and
innovative approach to research in human development.
Recognizing that insights from both neuroscience and
theory can inform each other and create a dynamic in-
terplay enhances our understanding of complex cognitive
processes and helps in the construction of tools that can
advance the way we develop assessments and make de-
cisions. The reciprocal knowledge gained from data-
driven and theory-guided exploration of brain regions
allows for a more robust and nuanced understanding of
brain-behavior dynamics that will lead us to improved
science, education, clinical practice, and policymaking.
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