',\' frontiers
in Psychology

REVIEW
published: 27 August 2019
doi: 10.3389/fpsyg.2019.01919

OPEN ACCESS

Edited by:

Marta Portero Tresserra,
Autonomous University of Barcelona,
Spain

Reviewed by:

Ana Couceiro Figueira,

University of Coimbra, Portugal
Giuseppe Mannino,

Libera Universita Maria SS. Assunta,
Italy

*Correspondence:
Jesus de la Fuente
jdlfuente@unav.es;

Jjfuente@ual.es

Specialty section:

This article was submitted to
Educational Psychology,

a section of the journal
Frontiers in Psychology

Received: 01 May 2019
Accepted: 05 August 2019
Published: 27 August 2019

Citation:

de la Fuente J,

Gonzdlez-Torres MC,
Aznarez-Sanado M,
Martinez-Vicente JM,
Peralta-Sanchez FJ and Vera MM
(2019) Implications of Unconnected
Micro, Molecular, and Molar Level
Research in Psychology: The Case
of Executive Functions,
Self-Regulation, and External
Regulation. Front. Psychol. 10:1919.
doi: 10.3389/fpsyg.2019.01919

Check for
updates

Implications of Unconnected Micro,
Molecular, and Molar Level Research
in Psychology: The Case of Executive
Functions, Self-Regulation, and
External Regulation

Jesus de la Fuente’2?*, Maria Carmen Gonzalez-Torres?, Maite Aznarez-Sanado’,
José Manuel Martinez-Vicente?3, Francisco Javier Peralta-Sanchez? and
Manuel Mariano Vera#*

" School of Education and Psychology, University of Navarra, Pamplona, Spain, ? School of Psychology, University of Almeria,
Almeria, Spain, ° Center of Research of Psychology, University of Almeria, Almeria, Spain, * School of Psychology, University
of Granada, Granada, Spain

The proliferation of research production in Psychology as a science has been increasing
exponentially. This situation leads to the necessity of organizing the research production
into different levels of analysis that make it possible to delimit each research domain.
The objective of this analysis is to clearly distinguish the different levels of research:
micro-analysis, molecular, and molar. Each level is presented, along with an analysis
of its benefits and limitations. Next, this analysis is applied to the topics of Executive
Functions, Self-Regulation, and External Regulation. Conclusions, limitations, and
implications for future research are offered, with a view toward a better connection of
research production across the different levels, and an allusion to ethical considerations.
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INTRODUCTION

With the recent proliferation of a large volume of research in Neuroscience, Cognitive
Neuropsychology and Psychology, referring to the neurological substratum of basic psychological
processes, we find an epistemic imbalance where the more global, contextualized approaches to
explaining behavior give way to approaches based on analysis and study of basic processes. Based on
observation of this reality, the aim of the following theoretical analysis is: (1) to define the different
levels that make up psychological research, as well as the scientific domain inherent to each, with
their limitations and benefits; and (2) to apply this classification to a recent research topic of great
academic, investigative, and professional impact: executive functions and self-regulation.

The development of human knowledge in an empirical scientific format, as we know it today, is
relatively recent in human history, given its complexity and the cognitive repertoires and high-
level technology that are required to produce it. It is not surprising, therefore, that the initial
formats of knowledge were conceptual constructions taken from related facts, which were used
to develop concepts (definitions, characteristics), and finally, patterns or probabilistic predictions in
the form of principles. Fables, proverbs and parables are good examples of this kind of commonplace
psychological knowledge. All such elaborations have a common denominator: they start from
direct observation of reality, based on unfiltered samples of behavior, from which they propose
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probabilistic relations and common-sense predictions. This
type of understanding, therefore, is a form of unscientific,
untested, folk knowledge.

With the historical appearance of the scientific-positivist
paradigm, production of human knowledge in a scientific
format has greatly increased, both in quality and in quantity.
This production, however, has clearly been conditioned by
the resources or technological developments available at the
moment. Commonplace human knowledge thus tends to
increasingly match contributions of what we call scientific
knowledge. Consequently, in today’s Knowledge Society heavily
laden with this type of knowledge and the scientific-technological
component any analysis of reality or of any issue is usually
connected to some type of evidence or some scientific-technical
grounding. This does not mean that scientific knowledge is
infallible or unquestionable (the overtrust bias); instead, such
knowledge is subject to being disproven, restricted or verified,
to ensure that it attains a higher level of consistency than folk
knowledge, which is elaborated unsystematically by a human
cognitive system, with many inaccuracies, inconsistencies and
biases. On the other hand, scientific knowledge would have been
obtained using technological instruments and techniques that
provide for greater accuracy in data collection, processing, and
analysis. This fact has led to a perception of data obtained through
high level techniques as being “more scientific” (the technology
bias). As a result, recent scientific studies involving complex
techniques (scanners, computed tomography, etc.) would seem
to have more scientific value. Psychology as a science is not
invulnerable to this scenario. In this line, McCabe and Castel
(2008) demonstrated that, in the area of cognition, the inclusion
of brain images in an article results in increased scores for its
scientific reasoning. In this case, the authors argue that this might
be explained by “people’s affinity for reductionistic explanations
of cognitive phenomena” (p. 343).

In light of this, it seems appropriate to reflect on the
different levels and formats of psychology research - to clarify
their different theoretical and empirical domains, and so
encourage a better connection and integration between them, in
both conceptual and applied knowledge. In order to illustrate
these concepts, examples related to executive functions, their
associated behavioral and contextual variables/models and their
relationship with ADHD will be discussed.

LEVELS AND FORMATS OF
PSYCHOLOGY RESEARCH

Definition of Levels and Formats

The different levels of research have coexisted within Science
from the beginning, and they contribute complementary
elements to the analysis of phenomena. In the case of Psychology,
one may establish three levels of analysis of human behavior.
To grasp this more clearly, we use the journey metaphor (Pintrich,
2000a,b) adapted. See Table 1.

(1) Level of micro-analysis of behavior (biological analysis
or the “hardware” of behavior). As the name indicates,

it focuses on the smallest, most discrete, most basic
level of the phenomenon being studied. In the case at
hand, we may consider this level of analysis as referring
to the biological, neuronal substrata or underpinnings
of human conduct. Hence, the name neuropsychology,
referring to the neuronal-behavioral connection. Typical
of this domain of analysis is identifying areas of the
brain, their connections, explanations, regularities, and
biological or neuronal models of behavior. Consequently,
this domain studies behavioral problems or disorders
that stem from biological or physiological processes. One
highly relevant, current line of research at this level
is that of the neurological foundations of psychological
processes and executive functions (Lukito et al., 2018;
Rubia, 2018).

(2) Level of molecular analysis of behavior (functional analysis
or the “software” of behavior). In this case, the analysis
focuses on constructing behavioral models of the types of
learning that are operational in human beings. Examples at
this level would be theories, laws and models of learning -
studied profusely and mastered by psychologists— in
order to explain different types of human behavior, and
thereby enable precise behavioral analyses of problems and
behavioral disorders at the molecular level, or mid-level
of complexity. These models also serve to promote and
optimize processes of human development and learning.
This is the level where we find models of self-regulation
(Brown, 1998) and self-regulated learning (Zimmerman,
2000; Schunk, 2005).

(3) Level of molar analysis of behavior (interactive analysis
or analysis of behavior in real, interactive contexts).
Analysis at this level is necessarily interactive because
the object of analysis is the subject-situation binomial,
in interaction, in real contexts. At this level we find the
contextualized, applied models of behavior, typical of the
applied disciplines of Psychology, such as Educational
Psychology, Social Psychology and Clinical and Health
Psychology. These disciplines seek to explain, model and
predict the influence of factors relating to the subject and
to the situation, and to estimate the proportion of variance
that is explained by the two groups of factors, in order
to determine likely behaviors. In our specific topic area,
it would be Level 3 of the theoretical model referred to
as the “Theory of Self-Regulated vs. Externally-Regulated
Learning;” or SRL vs. ERL Theory (de la Fuente, 2017).

Issues Associated With the Different
Levels of Research Inference

As we have seen, each level of research involves certain
characteristics, benefits and limitations that should be made
explicit in order to adequately contextualize research production.
Lacking this, inferences may be drawn that are not appropriate
to the particular domain of scientific production; in other words,
data and models from one level may be used to try to explain
phenomena beyond the scope or domain of the investigation
in question, using high-level inferences. For this reason, it is
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TABLE 1 | Levels of research and working formats in the “building” of Psychological Research.

Metaphor Level Format Type of variables Techniques Models Implications
() Journey MOLAR Interactive and Subject x context Observation, SR vs. ER Practices applied to
(person in context) contextual/applied self-regulation self-reports molar and contextualized
externally-regulated. other-reports processes
experiments
(2) Car MOLECULAR Discrete/conceptual Subject (context) Observation SR (or SRL) Practices applied to
(person) personalistics meta-attention self-reports molecular and molar
meta-motivation experiments processes
self-control clinical cases
self-regulation
(1) Engine MICRO-ANALYSIS Basic/neurological Brain, Tomography, EF Practices applied to basic
(brain) microprocesses scanner and Molecular processes
medication tests

clinical cases

EFs, executive functions, SR, self-regulation; SRL, Self-Regulated Learning; SRL vs. ERL, Self-Regulated vs. Externally Regulated Learning.

valuable to recall the benefits and limitations inherent to each
level of research.

Level of Micro-Analysis

As a benefit, this level ascertains precise information about the
biochemical, psychophysiological, and neurological areas and
processes of behavior. It is therefore essential for constructing
models and information related to disorders and problems of
a neuropsychological and neurophysiological nature. However,
this detailed, discrete vision of behavior has the limitation that
linear implications may not be extracted and applied to the
molecular level, much less to the molar. As in the Table 1
metaphor, knowledge of how the car engine is wired does not help
us understand any substantial variance of the car’s total behavior
(the subject), or how the trip transpires along the different
roads (context). It is obvious that a good engine increases the
likelihood of a good car and a good trip, but there are many
intervening (mediating) variables between the car engine and the
car’s behavior on the road that need to be understood in order to
have a complete view of the phenomenon being studied - such as
the style of driving and the road conditions.

Molecular Analysis Level

This level of analysis has the benefit of ascertaining mid-range
information and enabling the creation of mid-level explanatory
models. Following the Table 1 metaphor, this level would provide
knowledge about the car’s behavior, understood as the set of
factors referring to and mediated by the subject who drives the
car. In this case we are considering the driver’s manner of driving.
It is obvious that a good engine increases the likelihood of a
good driving style, but we understand that they are two different
variables; they cannot be further reduced, since a good engine
can be part of a car with other differentiating characteristics.
A good engine with an inefficient braking system or downforce,
associated with a reckless driving style, only increases the chances
of a traffic accident. Nonetheless, this level of analysis also has
limitations or restrictions in that it contributes no information
about the characteristics of the context. Consequently, we need
a further level of analysis in order to offer a contextualized,
interactive view of the object of study.

Level of Molar Analysis

The benefit of this level of analysis lies in its effort to explain
subjects’ behavior in interaction with characteristics of the real
context, paying special attention to the causative role of the
context in the behavior being analyzed. The limitation of this
level is the difficulty of descending from here to connect with
the micro-analysis level. In the Table 1 metaphor, this type of
analysis would be equivalent to constructing models that explain
and predict the role of the road (traffic signs, design, camber,
course) in subjects’ behavior, and how subjects interact with such
contextual characteristics.

Based on the above analysis, we can identify the most
common research errors that result from not clearly establishing
the contributions and limitations of the domain of one’s
object of study.

Compartmentalization Error

This error refers to not clearly defining the connections,
differences, and continuity between similar constructs, adopted
at different levels. In practice, this results in research using
different conceptual labels for similar or equivalent constructs
that emerge at different research levels. For example, adopting
labels such as executive functions in reference to the self-
regulation construct without previously defining the models and
the domain or theoretical level at which these appear leads
to conceptual confusion between constructs and their levels of
application. A visual illustration would be researchers working
on three different floors of a building (micro-analysis, molecular
analysis, molar analysis), all of whom are studying the behavior
of a car, but unaware of what the researchers on the other floors
are working on (see Table 1).

Overgeneralization Error

In this case research conclusions or consequences are inferred at
alevel or domain distant from the data or evidence provided. For
example, since basic research on attentional difficulties has shown
that smells contribute to learning, one might conclude that this
variable ought to be included in teaching-learning processes at
school. This is a high-level inference, given that this evidence can
easily be applied and integrated into discrete, basic instrumental
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models of learning, basic learning processes through classic
laboratory conditioning of human beings. However, it is much
more complicated to apply this to cognitive, meta-cognitive
and meta-motivational models that explain processes involved
in the construction of complex knowledge, in real contexts of
formal learning.

Fuzziness Error

This refers to defining conceptually similar constructs, taken
from one’s own level of research or another, and using it to
justify results at a different level of research. For example, to
assume that inattention results directly and exclusively from
dysregulation of executive functions, as a neurological construct,
when the evidence has consistently shown that strategic processes
are involved, including meta-attention and behavioral, emotional
and cognitive dysregulation. As advise Lilienfeld et al. (2015),
clarity and rigor are essential in disciplines as psychology and
psychiatric where many of the phenomena studied are “open
concepts” that favor misunderstanding.

THE CASE OF EXECUTIVE FUNCTIONS,
SELF-REGULATION, AND EXTERNAL
REGULATION

Levels of Analysis

Micro-Analysis Level of the Problem (Behavioral
“Hardware”): Executive Functions

Definition and typology

Executive functions refer to higher-order control processes
involved in the regulation of thought and action. Barkley (1997a)
defined executive functions as “those types of actions we perform
to ourselves and direct at ourselves so as to accomplish self-
control, goal-directed behavior, and the maximization of future
outcomes” (p. 57). Historically, there has been great interest and
proliferation of studies focused on determining the role of the
frontal lobes in human behavior, where consideration of that role
has evolved from negligent to being central to the explanation of
self-regulated human behavior (Fuster, 1989, 1997, 2002; Casey,
1992; Barkley, 1997a,b; Elliot, 2003; Eshel et al., 2007; Ardilla
Ardila and Ostrosky Solis, 2008; Garcia-Molina et al., 2009).
Luria (1966) proposed three complementary functional units:
(1) the limbic system, in charge of motivation and warning; (2)
posterior cortical areas (including visual, auditory, and general
sensory regions), in charge of stimuli recollection, information
processing and storage; and (3) the frontal cortex, in charge of
executive functioning, control and monitoring of the activities we
perform. Lezak (1982) defined executive functions as the mental
components that enable goal-setting, planning strategies and
the effective performance of actions. Baddeley (1996) grouped
executive functions into cognitive processes for inhibition,
cognitive flexibility, behavior planning and organization, and
verbal fluency. The concept of executive functions comes mainly
from neurological research on disorders suffered by persons
with injuries to the brain cortex. Injuries to these lobes have a
great impact on the life of these individuals, such as personality

changes, difficulty with autonomy, and emotional and affective
regulation (Baddeley and Wilson, 1988).

Baggetta and Alexander (2016) carried out a systematic review
of 106 empirical studies where they established the common
denominator of executive functions as cognitive processes that:
(1) guide action and are essential to learning tasks and everyday
actions; (2) help monitor these types of task; (3) control not
only the cognitive but also the emotional and behavioral domains
of human action. These authors report that the model most
often adopted in research in that of Miyake et al. (2000), an
integrating model with three executive components, distinct yet
related to each other: (1) Updating information; (2) Inhibiting
information; (3) Cognitive flexibility. Metcalfe and Mischel
(1999) established two executive systems, referring to cognitive
and emotional behaviors (Hongwanishkul et al., 2005; Brock
et al., 2009; Prencipe et al., 2011; Arias and de los Angeles, 2012,
p- 44; Anderson and Bolden, 2018).

A recent work (Tirapu-Ustarroz et al., 2018) has analyzed,
through a review of studies with exploratory and confirmatory
factor analysis, the model models structural models underlying
the existing empirical evidence. These authors conclude that
the executive functions models evolve with age and incorporates
planning factors in the later ages analyzed.

Neurocognitive treatment

Rubia (2018) carried out a review addressing the cognitive
neuroscience of attention deficit hyperactivity disorder (ADHD).
Their findings revealed functional brain abnormalities in
ADHD subjects. Specifically, brain networks related to cognitive
control, attention, timing, and working memory were impaired.
In addition, distorted activity in brain regions that process
motivation and emotion control and in the default mode
network, was reported. On the other hand, it is interesting to note
that, according to these abnormal activity patterns, classification
of ADHD using functional magnetic resonance imaging (fMRI)
data achieved satisfactory classification accuracies of over 80%.

In order to treat frontal functional impairment, transcranial
direct current stimulation (tDCS) seems to be a promising tool in
the improvement of ADHD symptoms and cognitive functions.
However, larger clinical trials of repeated stimulation with and
without cognitive training are needed to test clinical efficacy
and potential costs in non-targeted brain functions. Regarding
NE its improvements in cognition and ADHD symptoms may
be due to the placebo effect, since no differences in accuracy
between experimental and control conditions have been found.
Neurotherapeutics seems attractive for ADHD due to its safety
and potential longer-term neuroplastic effects, which drugs
cannot offer. However, short- and longer-term clinical and
cognitive efficacy must be subjected to thorough testing, as well
as the potential for individualized treatment.

This level of analysis, therefore, is optimal for explaining
disorders based on neurological problems and brain injuries.
There has been prolific evidence in recent years of the important
role of the frontal cortex and the functional role of “executive
functions” for predicting performance (Gathercole and Pickering,
2000a,b; Blair and Razza, 2007; Bull et al., 2008; Cleary and
Chen, 2009; Agostino et al., 2010; Molfese et al., 2010; Monette
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etal,, 2011; De los Angeles, 2012; Diamond, 2012, 2013; Ramirez,
2014; Aran and Loépez, 2016; Diamond and Ling, 2016; Cid-
Sillero et al., 2018; Diez and Bausela, 2018; Follmer, 2018; Jacoby
and Lavidor, 2018). An impairment in executive functioning has
also been related to antisocial and delinquent behaviors (De Brito
and Hodgind, 2009; Pera-Guardiola et al., 2016; Gil-Fenoy et al,,
2018). Additionally, executive functions are associated with social
competence and behavioral problems in preschool education
(Romero-Lopez et al., 2015), or in the delayed sleep-wake phase
disorder (Wilhelmsen-Langeland et al., 2019).

Neuropsychological concept of “executive functions” and its
limitations

“In the cognitive neuroscience literature, the term executive
function is sometimes used interchangeably with self-control.
The conceptual overlap between executive function and
self-control is plain: core executive functions include top-
down inhibitory control, working memory, and the cognitive
flexibility to switch perspectives when demands require doing
so” (El Haj and Allain, 2012; Gaillardin and Baudri, 2018;
Duckworth et al., 2019, p. 376). Even though executive functions
and their components (working memory, inhibitory control,
and planning) have a proven neuropsychological contribution
to self-regulation, and there is an established relationship
between them (Diamond, 2013; Canet et al., 2016), we do not
find a linear relationship between the conceptual models of
research in the micro-, molecular-, and molar- analysis domains.
Furthermore, despite this important evidence, models at the
micro-analysis level overlook a large number of variables that
molecular research has established in the explanation of behavior,
such as the mediating role of personality, cognitive variables,
learning strategies, learning styles, motivational style and coping
strategies, not to mention the role of context (Meltzer, 2007;
Best et al., 2011). For this reason, in the case of ADHD, the
neuropsychological concept of “executive functions,” although
adequate in its domain of micro-analysis, ought to be completed
and connected to contributions from research at further levels
of psychological research, mentioned above. Servera-Barceld
(2005) comment “we express our desire that ADHD stop being
a mere list of symptoms with a vague factorial support, to go on
to incorporate those neurobehavioral characteristics that have
received the support of the works empirical studies developed
largely within the model of self-regulation” (p. 365).

Molecular Analysis Level (Behavioral “Software”):
Self-Regulation

Definition and typology

Self-Regulation refers to both unconscious and conscious
processes that affect the ability to control responses (Baumeister
and Heatherton, 1996; Brown, 1998; Black and Allen, 2017;
McClelland et al., 2018). This process has overarching effects on
an individual’s ability to tolerate unmet wants or needs, handle
disappointments and failures, and work toward success. The
ability to self-regulate is the foundation for compliance with
accepted standards of conduct at home, school, and later, in the
workplace (vanDellen and Hoyle, 2008). This personal variable,
therefore, has recently been considered a meta-skill or an ability

to manage other skills (de la Fuente, 2017). Self-regulation is often
thought of as:

(1) Cognitive self-regulation (meta-cognitive skills), the degree
to which persons can be self-reflective, and can plan and
think ahead. Persons with these strengths are in control of
their thoughts. They monitor their behavior, evaluate their
abilities, and are able to adjust their behavior, if necessary.
For example, if a self-regulated youngster knows there is
an upcoming test, he or she chooses to study to be ready
for the test, instead of hanging out with friends.

(2) Social-emotional self-regulation (meta-emotional skills)
is the ability to inhibit negative responses and delay
gratification. An individual with this ability is able to
control his or her emotional reactions to positive and
negative situations, as in the case of a child who can resist
his immediate inclination to erupt into anger when a peer
cuts in front of him in the lunch line.

(3) Behavior self-regulation (meta-behavioral skills). Brown
(1998, p. 62) saw self-regulation as an individual’s capacity
to plan, monitor and direct his or her behavior in
changing situations.”

Barkley’s (1998) model was initially based on behavioral
inhibition, but eventually the limitations that were detected and
new lines of research led him to advance toward self-regulation.
The main components of the model are: behavioral inhibition
processes, the very concept of self-regulation/self-control, the EF
involved, and motor control. The model is applied to the behavior
and characteristics of children with ADHD (for a model review,
see Servera-Barcelo, 2005). Complementarily, the Zimmerman
model (Zimmerman and Labuhn, 2012; Panadero, 2017) of Self-
Regulated Learning has clearly shown that the self-control phase
is the intermediate phase of self-regulation learning behavior.
However, in the contexts of Personality or Clinical Psychology,
Self-Control and Self-Regulation behavior are still considered
equivalent, when the first is part of the second (Wiese et al., 2018;
Duckworth et al., 2019).

Recent research has consistently reported that the self-
regulation variable is a flourishing, positive, linear predictor
of mental health, and a negative predictor of procrastination
behaviors (Garzon-Umerenkova et al., 2018). In adolescents at
risk for social exclusion, it is also a predictor of resilience
(Artuch-Garde et al,, 2017). It has further been established as
a positive predictor of satisfaction in learning and performance
(de la Fuente et al., 2015), as well as a negative predictor of
anxiety (Ferrari et al., 2009; de la Fuente et al., 2017b) and
the perception of maladaptive behaviors (de la Fuente et al,
2008; Ferrari et al, 2009). In complementary fashion, self-
regulation has also been identified as an important procedural
variable involved in adolescents’ competency in an interaction
with alcohol, predicting low alcohol use (Ferrari et al., 2009;
de la Fuente et al,, 2017a). It has further been verified as a
mediating variable in the effect produced by a mindfulness
program (de la Fuente et al., 2018).

At the level applied to scholastic and academic learning,
there is also an enormous amount of evidence regarding
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the importance and role of self-regulation during learning,
i.e., self-regulated learning, in predicting motivation, learning
and achievement (Schunk, 2005; Zimmerman and Labuhn,
2012; de la Fuente et al., 2014; Panadero and Alonso-Tapia,
2014; Greene et al, 2015, 2018; Bol et al, 2016; Sperling
et al, 2016; Peters-Burton and Botov, 2017; Deekens et al,
2018; Greene, 2018; Li et al., 2018). In summary, the effects
of self-regulation in scholastic and academic learning are
(Schunk and Greene, 2018): (1) Higher academic achievement.
Young people who are self-regulated are more likely to
perform well in school; (2) School engagement. Adolescents
who delay gratification and adjust their behavior are more
likely to be engaged in school. Moreover, such students tend
to work harder than their peers who lack self-regulating
abilities do; (3) Peer social acceptance. Self-regulation is
also linked to favorable perceptions by others. Children and
adolescents who are able to control impulses and reflect on
their actions are more likely to have friends and to get
along with others; (4) Avoidance of negative behaviors. Self-
regulated adolescents are less likely to engage in substance
abuse, truancy, and violence; (5) Healthy eating patterns.
Adolescents who are able to regulate their behavior are more
likely to have healthy eating habits (Schutz and Davis, 2000;
Strauman, 2002; Terry and Leary, 2011; Miller et al., 2018;
Rademacher and Koglin, 2018).

Conclusion

Despite the important contributions of this variable, its
theoretical domain does not allow for any accurate understanding
of the effects of context, that is, of the educational environment,
whether on academic behavior, or on behaviors related to health,
work or social life. It is therefore necessary to include research at
the next level in order to understand the interactive combination
of subject x context.

Level of Molar Analysis (Real Interactive Behavior):
Self- vs. External-Regulation

Definition

Despite abundant prior evidence, most models in use today
whether produced at the level of micro-analysis or molecular
analysis have paid little or no attention to the combined
factors of self-regulation, that is, to the analysis of personal
factors x contextual factors. Consequently, beginning with an
awareness of the deeply interactive nature of behavior regulation,
the theory of Self- vs. Externally-Regulated Behavior has been
formulated at this level of psychological analysis (de la Fuente,
2017). See Tables 2, 3.

This theoretical model postulates a combination of the
subjects level of self-regulation (SR), non-regulation (NR)
or dysregulation (DR), with the context, which may be
regulatory (RC), non-regulatory (NRC), or dysregulatory (DRC).
This concept has the advantage of modeling the potential
combinations of the regulatory level of the person and of the
context, when explaining and predicting behaviors. Basically,
the model can establish and predict the role of certain contexts
by increasing or decreasing the likelihood of typical ADHD or
attention deficit disorder (ADD) behaviors, assuming that these

cannot be explained exclusively on the basis of neurological
and individual characteristics. The model seeks to answer the
following question: would the same person with low self-
regulation (ADHD or ADD) behave the same way in a context
that promotes self-regulation as they would in a context
promoting dysregulation? The answer is that it seems unlikely.
The model thus categorizes four possible effects resulting from
the different combinations of levels of personal regulation (self-
regulation) and a regulating context (promoting self-regulation).
The proposed relationships have been tested with consistent
effects in university teaching-learning processes (de la Fuente
etal., 2015, 2017c¢), and are summarized in Table 4 below.

(1) Low  personal  self-regulation  (personal  non-
regulation/dysregulation) with a non-regulatory context
(non-regulatory/dysregulatory  context). Think of a

subject with ADHD/ADD, characterized by openness to
experience associated risk behaviors, who lives in a family
with divorced parents, receives contradictory instruction
from them, lacks an organized schedule, has distracting
daily activities and lacks externally-induced motivation
for learning. What likelihood is there that medication
alone can correct the problem? According to the proposed
theoretical model, this combination would probably result
in low achievement and a good number of socio-personal
problems. This thesis would be consistent with results
that find a significant correlation between ADHD and
delinquent behaviors, substance abuse and personal failure
(Holmes et al., 2019; Sadek, 2019) assigning it some degree
of causality but without in depth analysis of any other
explanatory variables, with unexplained latent effects in
this association relationship.

(2) Low  personal  self-regulation  (personal  non-
regulation/dysregulation) with a medium/high regulatory
context. Think of a subject with ADHD/ADD
characterized by openness to experience associated
risk behaviors, who lives in a family with congruent
parenting behaviors, with shared educational criteria
and instruction, family organization in support of the
child, a well-organized schedule, control over distracting
activities, as well as externally-induced motivation and
capacity for learning. What likelihood is there that an
educational psychology intervention will enhance the
effect of medication? This thesis would be consistent with
evidence showing that the combined effects of medication
and educational psychology intervention produce better
effects, though without reaching an optimal level of
achievement, learning, and development (Sherman et al,,
2008; Dvorsky and Langberg, 2016).

(3) Medium/High personal self-regulation (SR) with a non-
regulatory context. Think of a subject with ADHD/ADD
with personal characteristics of medium/high regulation
(SR), who lives in a family with divorced parents,
receives contradictory instruction from them, lacks an
organized schedule, has distracting daily activities and
lacks externally-induced motivation for learning. What
likelihood is there that self-regulated behavior will persist
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TABLE 2 | Conceptual continuum and typologies of each self-regulatory behavior.

Characteristics of the person

Self-regulation (SR) High-Moderate-
Low POSITIVE PRO-ACTIVITY (+1)

A-regulation (AR) No regulation
RE-ACTIVITY (0)

Dys-regulation (DR) Low-Moderate-
High NEGATIVE PRO-ACTIVITY (-1)

Before
Self-analysis of tasks
Self-defined goals
Self-motivation
During
Self-observation
Self-analysis
Self-correction
After
Self-reflection
Self-attributions
Positive self-affect

Before

No analysis of tasks
No goals

No motivation
During

No self-observation
No self-oversight
No self-correction
After

No reflection

No attributions

No affect

Before

Erroneous self-analysis
Erroneous goals
Self-demotivation

During

Self-distraction

Cognitive self-avoidance
Self-impediment Procrastination
After

Erroneous self-assessment
Erroneous self-attributions
Negative self-affect

Type of activity Self-regulatory (SR) A-regulatory (AR) Dys-regulatory (DR)
High-Moderate-Low No regulation Low-Moderate- High
PRO-ACTIVITY (+) RE-ACTIVITY (=) PRO-ACTIVITY (-)

Academic Self-regulated learning No norms/limits Self-induced impediment

Road safety

Health

v

Family

Information and Communication
Technology (ICT)

Sexual

Violence

Spouse/partner

Self-regulation in driving
SR in Health

SRinTV

SR in family

SRin TIC

SR in risky sexual behavior
SR in harmonious relations
SR in interaction

No norms/limits
No norms/limits
No norms/limits
No norms/limits
No norms/limits

No regulation
No norms/limits
No regulation

Self-induced risks
Self-induced excesses
Self-induced excesses
Self-induced risks
Self-induced excesses

Self-induced risks
Self-induced excesses
Self-induced excesses

TABLE 3 | Conceptual continuum of the Externally-Regulated Learning (ERL) context dimension.

Characteristics of the context

External self-regulation (ESR)
High-Moderate-Low POSITIVE
PROACTIVITY (+ 1)

External A-regulation (EAR) No
regulation RE-ACTIVITY (0)

External dysregulation (EDR)
Low-Moderate-High NEGATIVE
PRO-ACTIVITY (-1)

Before

Presents analysis of tasks
Suggests adjusted goals

Suggests self-motivation

During

Promotes self-observation
Promotes self-analysis

Promotes self-correction

After

Promotes self-reflection

Promotes adjusted self-attributions
Promotes positive adjusted self-affects

Before

Does not present tasks
Does not propose goals
Does not induce motivation
During

No self-observation

No self-oversight

No self-correction
After

No reflection

No attributions

No affects

Before

Erroneous tasks

Erroneous goals (self-impediment)
Induces demotivation

During

Promotes self-distraction
Cognitive self-avoidance,
Self-impediment, Procrastination
After

Promotes erroneous self-assessment,
Erroneous self-attributions,
Promotes maladjusted self-affects

Type of Context

Externally-regulatory
High Moderate Low

A-regulatory
No regulation

Dysregulatory
Low Moderate High

Academic
Road safety
Health

v

Family

Information and Communication
Technology (ICT)

Sexual
Violence
Partner

Effective/regulatory teaching (RT)
Correct traffic signs

Norms/limits of consumption
Norms/limits
Authoritative/democratic
Regulatory norms/limits

Regulatory norms/consequences
Contexts with norms/values

Consensual interactions, norms in
agreements

Laissez-faire

No traffic signs

No norms/consequences
No norms/limits
Permissive/laissez-faire

No norms/limits

No norms
No norms/values
No norms

Stressful teaching

Road inducing speeding
Negative drinking contexts
Negative TV contexts
Liberal/promoting dysregulation
Negative contexts

Contexts which induce lack of control
Contexts which induce violence
Changeable, unpredictable norms
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TABLE 4 | Combination types between levels of variables in the Theory of Self- vs. Externally-Regulated Learning.

Type Presage Process Process Product
(deployment of teaching) (deployment of learning)
Pintrich’s Driver Road Driving conduct Positive vs. negative Success vs. accident
journey emotions
metaphor
Level Personal Regulatory teaching (RT) Self-regulated Achievement emotions Achievement
self-regulation (SR) (context) Learning (SRL) (student) behavior/cognitive
(student) (student) (student)
4 High = low stress High = low stress High = deep approach High = + emotions High = academic
Low = surface approach Low = — emotions achievement
3 High = low/medium Low = medium/low stress Medium/high = deep Medium/high = + emotions Medium/high = academic
stress approach Medium/low = — emotions achievement
Medium/low = surface
approach
2 Low = medium/high High = medium/high Medium/low = deep Moderate/Low = + emotions Moderate/low = academic
stress stress approach Moderate/High = — emotions achievement
High/medium > Surface
approach
1 Low = high stress Low = high stress Low = deep approach Low = + emotions Low = academic

High = surface approach

High = — emotions

achievement

over time? According to the theoretical model, this
combination would probably result in underachievement
in comparison to the subjects potential, and in certain
socio-personal problems. This thesis would be consistent
with evidence that refers to persons with ADHD having
maladjusted behaviors as a consequence of a non-
regulatory or dysregulatory context (Beattie, 2012). In
this case, it is the context that is actively promoting
dysregulation. We might consider that certain false
positives fall into this case, children who are restless and
lost, who have been socialized in a paradigm of dispersed
attention, and are untrained in daily tasks, although they
have potential for such training.

(4) Medium/High personal self-regulation (SR) with a
medium/highly-regulatory context (RC). Think of a
subject with a medium/high level of regulation, who
lives in a family with congruent parenting behaviors,
with shared educational criteria, family organization in
support of the child, a well-organized schedule, control
over distracting activities, mediation in external activities
and friendships, as well as externally-induced motivation
and capacity for learning. This thesis would be consistent
with evidence that shows this to be best combination
for optimal learning and academic achievement (de la
Fuente et al, 2017¢; Fong et al, 2018). In the sphere
of developmental psychology, some recent studies have
established the role of the family as an external regulatory
context, and precursor of self-regulation and of executive
function (Berner et al., 2010), consistent with postulates of
the theoretical model presented here.

Conclusion

Introducing contextual variables into the study of self-regulatory
processes seems to be essential, when we realize their role in
determining behavior, whether in teaching processes (Vermunt,

1989; Vermunt, 2007; Timmons et al., 2016; Fryer and Vermunt,
2018), or in other contexts (Spruce and Bol, 2015).

Assessment of Constructs

In Psychology, one of the parameters used for clearly defining
a particular psychological construct has been the analysis of
instruments associated with measuring that construct. This
enables us to accurately understand the factors that make up
the construct, as well as the theoretical-empirical adequacy of
how the concept is formulated. Therefore, analyzing the different
instruments in use should allow us to delimit the differences
more accurately between the domains and/or levels of the
constructs involved.

Assessment in Micro-Analysis: Executive Functions
(see Supplementary Material Anex 1)

Esopo et al. (2018) state that “executive control is a broad term
commonly referring to the maintenance and execution of high-
level plans and goals, and involves planning, cognitive flexibility,
inhibitory control, and working memory processes” (p. 31). They
have summarized different inventories of executive functions.
These include (see Supplementary Material Anex 1).

Behavior Rating Inventory of Executive Function -
Adult Version, BRIEF-A (Roth et al., 2005, 2013)

This self-report measure of executive function contains 75 items
that assess attention regulation, inhibitory and emotion control,
working memory, planning, and organization behaviors.

Consideration of Future Consequences (CFCs)
(Strathman et al., 1994)

Consideration of Future Consequences quantifies the extent to
which individuals consider potential future outcomes of their
current behavior and is predictive of a number of health behaviors
(Chapman, 2005), making it especially relevant for adherence.
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The CFC is a common, cross-culturally validated measure with
attractive psychometric properties.

Deferment of Gratification Scale (DGS) (Ray and
Najman, 1986)
As an alternative measure to the CFC, the Deferment of
Gratification Scale (DGS) assesses the ability to resist the
temptation of an immediate reward and instead wait for a
larger, reward later (Carducci, 2009). The DGS comprises two
factors relevant to adherence behavior: controlling impulses
and planning and waiting. It was specifically designed to
target intertemporal economic behavior, originally to explain
social mobility or lack thereof. Participants choose ratings from
“strongly disagree” (0) to “strongly agree” (5) on 12 items. Six
items are ‘positive’ (such as, “I am good at saving my money”)
and six are reversed (for example, “I agree with the philosophy
‘eat, drink and be merry, for tomorrow we may all be dead.”).
Today, assessment of executive functions has evolved toward
a virtual reality format, thereby improving its ecological validity
and minimizing error factors (Diaz-Orueta et al., 2012, 2013;
Bombin-Gonzdlez et al., 2014; Climent-Martinez et al., 2014;
Azouvi et al., 2015; Iriarte et al., 2016; Nir-Hadad et al., 2017).

Assessment in Molecular Analysis: Self-Regulation
(see Supplementary Material Anex 1)

Adolescent self-regulatory inventory

This is a 36-item questionnaire used to measure self-regulation of
teens. Respondents rate how true each item is for them, ranging
from 1 (not true of me at all) to 5 (quite true of me). A sum or
average of the items is calculated. After reverse coding items 1, 2,
5,6,7,8,12,13,14, 15,16, 18, 19, 21, 34, 35, higher scores indicate
ability to self-regulate. The range of response is: (1) Not at all true
of me; (2) Not very true of me; (3) Neither true nor untrue of me;
(4) Somewhat true of me; (5) Quite true of me.

Self-regulation questionnaire (SRQ) (Brown et al., 1999)

This is a 63-item questionnaire used to measure self-regulation of
teens. The questionnaire includes seven subscales that measure
seven steps of self-regulation: receiving relevant information,
evaluating the information and comparing it to norms, triggering
change, searching for options, formulating a plan, implementing
the plan, assessing the plan’s effectiveness. The short version has
17 items, for university students (Pichardo et al., 2014; Garzon-
Umerenkova et al., 2017).

Assessment in Molar Analysis: Assessment of Self-
vs. External-Regulation (see Supplementary Material
Anex 1)
This level of assessment adopts the principles of interactivity
by involving a joint assessment process, including both self-
assessment and other-assessment of the teaching process
and the learning process, under the premise that both of
these will have either a regulatory nature (high score), an
a-regulatory nature (mid-range score) or a dysregulatory
nature (low score).

The Interactive Assessment of the Teaching-Learning Process,
IATLP (de la Fuente and Martinez-Vicente, 2007), is based on

the conception that self-regulation and self-regulation during the
learning process may be induced externally, through regulatory
teaching (de la Fuente and Justicia, 2003). The psychometric
characteristics of this instrument are consistent and have been
reported previously (de la Fuente et al., 2010).

DISCUSSION AND CONCLUSION

The conceptual analysis offered here leads to several aspects
worth mentioning for present and future research.

(1) We have observed how, at the micro-analysis level of
basic psychological research (neuropsychological level),
the construct most used is that of Executive Functions;
at the molecular level of research, models use the
construct Self-Regulation (or Self-Regulated learning), and
at the molar level of research while maintaining the
SR construct the context has also been incorporated in
constructs, ie., Self-Regulated vs. Externally-Regulated
Learning. The concept of Executive Functions may be
considered an essentially psychoneurological or psychiatric
concept, that is, a medical concept, and therefore it
minimizes the role of other personal and contextual
variables, as well as being based on the assumption of
the very concept of a “disorder” in connection with
executive functions.

(2) It is clearly evident that some overlap exists between
constructs and levels of psychological research, leading
to confusion in the short term, and in the medium
term fuzziness as to the proper connections between
the different levels of research. If the executive functions
construct is assumed to have certain elements in common
with the self-regulation construct (SR), more behavioral
in nature, and the similarities and differences are not
clearly established, it may result in conceptual absorption
and supplantation between different theoretical models
that are complementary and belong to different research
domains, as has been shown in this paper. A similar
case has been shown between self-control and self-
regulation, in which, in addition, it is intended to
explain the performance in the absence of context
variables or the teaching process (Duckworth et al,
2019) The impression is that each level of research
and conceptual domain seeks to explain the totality
of the problem, when this is only possible through
integration and complementarity between the three
levels of research.

(3) Adopting an approach from the exclusive perspective
of micro-analysis while adequate for explaining
neuropsychological disorders is plainly insufficient at
the molecular level, and especially at the molar level,
where contextual factors are essential for explaining
behavioral variability and the subject x context interaction.
In such significant behaviors as antisocial conduct, when
basic research (micro-analysis level) takes a leap into
psycho-educational or psychosocial implications (molar
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level), without considering possible subject x context
interactions, it becomes too easy to conclude, risking
attributional bias, that differences in executive functions
in subjects with and without behavior or personality
disorders explain these complex behaviors (for a review,
see De Brito and Hodgind, 2009). While acknowledging
the importance of contributions from micro-analysis,
the fact that nothing else is known about the subjects’
characteristics or about their context must be recognized
as an important limitation. If not, the socialization
processes of these subjects, and what we know of their
explanatory value (molecular level of psychological
analysis), might be considered void, not to mention
the influence of context in these behaviors (molar
level of psychological analysis). From there, it would
be easy to infer a deficit in executive functions as the
cause of these maladjusted behaviors, disregarding
any other factors (Pellerone et al, 2016). From a
neurological and clinical point of view, this may be
understandable (Anderson and Bolden, 2018), but from
the psycho-educational and psychosocial viewpoint, it is
simply unacceptable.

Limitations, Implications, and Future
Prospects

The essential limitation of this paper is that its focus is

only

analytical; it lacks an empirical meta-analysis of the

publications produced at each level. This meta-analysis remains
pending and it is necessary to do it in the future, to provide
empirical evidence to the analyses made in this theoretical
review. Nonetheless, we can infer certain implications from the
foregoing analysis:

(1)

)

Each level of Psychology research and analysis must
refocus and address the level and research domain to
which it belongs: micro-analysis, molecular analysis, or
molar analysis. For this reason, new researchers must
be taught the benefits and limitations of each level in
question, so that they might find their place at their level
of choice and perform their scientific work within their
sphere of competence. In our case, we understand that
while the construct of executive functions is attractive to
researchers due to the halo effect coming from neurological
support, the self-regulation construct possesses greater
behavioral explanatory power (by incorporating the three
levels of regulation, a-regulation, and dysregulation).
Furthermore, it can (now) also incorporate the external
component of regulation, through the construct of external
regulation (regulatory, a-regulatory, and dysregulatory
contexts), making it possible to carry out interactive,
subject x context analyses, typical of Psychology’s domain
as a behavioral science.

It is essential that we work toward creating cross-
level research that makes connections and validates
the relationships between conceptual and empirical
models at the different levels (Moore et al., 2018; Musso
et al, 2019; Sanchez et al, 2019). Only in this way

can we verify the external validity of each construct,
not only between constructs at the same level, but
also between constructs in different research levels
and domains. Some prior studies have already begun
to investigate in this direction, connecting executive
functions - > self-regulation - > external regulation
(Calkins and Marcovitch, 2010; Follmer and Sperling,
2016, 2018a,b,c; Aadland et al, 2018; Baumeister
et al, 2018; Rutherford et al., 2018; Wagner et al,
2018; Wimmer et al., 2019). However, studies are
needed that evaluate the relevance and potential role
of context in self-regulating behavior, and its role as
a  regulatory/non-regulatory/dysregulatory agent, all
of this in different behavioral issues, as established by
SRL vs. ERL theory. Lacking this, just as we speak of
neuromyths in education (Howard-Jones, 2014), alluding
to erroneous educational conceptions about the brain and
its functioning, unsupported by neurological science, we
might also speak of psychomyths in neurology, alluding to
the myths of neurology that psycho-educational science
does not support at molecular and molar levels. The
very concept of neuro-education attempts to establish
a connection between the two distal levels, micro-
analysis/neurology and molar analysis/education (for a
detailed analysis, see Pallarés-Dominguez, 2016), without
regard for the qualitative leap and the difficulty involved
in connecting and conceptually integrating the two levels
of research. “Executive functioning lays the basis for
behavioral self-regulation in real-life contexts, such as
adapting one’s behavior according to social standards
and working consistently toward long-term goals despite
the temptations of short-term pleasures (it is important
to note that several terms with overlapping definitions,
such as behavioral self-regulation, effortful control, and
self-control, are used in the literature with regard to the
construct we are referring to as behavioral self-regulation)”
(Gunzenhauser et al., 2017, pp 30-31).

(3) Research ethics must be kept in mind, reminding
us that publications that introduce and promote
psychological ~ constructs must be unequivocally
backed by evidence presented in empirical research.
If this is not the case, opinion trends and new
myths will be created, based on a false belief in
the unlimited explanatory power of Neurology
and Psychiatry, to the detriment of important,
consolidated scientific contributions from other levels of
Psychology research.

AUTHOR CONTRIBUTIONS

JE have made the general analysis and first version of
the manuscript. MG-T has made the second review of
the Self-regulation and Externally regulation sections of
ADHD. MA-S has performed a review of the neuroanalysis
level of ADHD. JM-V has carried out the carried out the
revision bibliographic by sections. FP-S has reviewed the

Frontiers in Psychology | www.frontiersin.org

10 August 2019 | Volume 10 | Article 1919


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

de la Fuente et al.

Micro, Molecular, Molar Level Research

professional applicability of the manuscript. MV has carried
out a review of the section on professional ethics and future
vision of research.

FUNDING

This study was supported by R&D Project EDU2011-24805,
PGC2018-094672-B-100 (Ministry of Science and Education,

REFERENCES

Aadland, K. N., Aadland, E., Andersen, J. R, Lervag, A., Moe, V. F., Resaland,
G. K, et al. (2018). Executive function, behavioral self-regulation, and school
related well-being did not mediate the effect of school-based physical activity on
academic performance in numeracy in 10-year-old children. The active smarter
kids (ASK) study. Front. Psychol. 9:245. doi: 10.3389/fpsyg.2018.00245

Agostino, A., Johnson, J., and Pascual-Leone, J. (2010). Executive functions
underlying multiplicative reasoning: problem type matters. J. Exp. Child
Psychol. 105, 285-305. doi: 10.1016/j.jecp.2009.09.006

Anderson, J., and Bolden, J. (2018). The Role of Executive Functions in Depression
and Attention-Deficit/Hyperactivity Disorder (ADHD) Symptomatology. Ph. D
Thesis. University of Tennessee: Knoxville, TN.

Ardn, V., and Lopez, M. B. (2016). Predictores de la comprension lectora en nifios
y adolescentes: el papel de la edad, el sexo y las funciones ejecutivas [Predictors
of reading comprehension in children and adolescents: the role of age, sex, and
executive functions]. Cuadernos Neuropsicol. 10, 24-44. doi: 10.7714/CNPS/10.
1.202

Ardilla Ardila, A., and Ostrosky Solis, F. (2008). Desarrollo Histérico de las
Funciones Ejecutivas [Historical development of executive functions]. Revista
Neuropsicologia, Neuropsiquiatria y Neurociencias 8, 1-21.

Arias, G., and de los Angeles, M. (2012). Las funciones ejecutivas cdlidas y el
rendimiento académico [Warm executive functions and academic performance].
Doctoral thesis, Universidad Complutense de Madrid, Madrid.

Artuch-Garde, R., Gonzélez-Torres, M. C., de la Fuente, J., Vera, M. M., Fernandez-
Cabezas, M., and Lépez-Garcia, M. (2017). Relationship between resilience
and self-regulation: a study of Spanish youth at risk of social exclusion. Front.
Psychol. 8:612. doi: 10.3389/fpsyg.2017.00612

Azouvi, P., Vallat-Azouvi, C., Millox, V., Darnoux, E., Ghout, I, Azerad, S., et al.
(2015). Ecological validity of the dysexecutive questionnaire: results from the
PariS-TBI study. Neuropsychol. Rehabil. 25, 864-878. doi: 10.1080/09602011.
2014.990907

Baddeley, A. D. (1996). Exploring the central executive. Q. J. Exp. Psychol. A. Hum.
Exp. Psychol. 49A, 5-28. doi: 10.1080/713755608

Baddeley, A., and Wilson, B. B. (1988). Frontal amnesia and dysexecutive
syndrome. Brain Cogn. 7, 212-230. doi: 10.1016/0278-2626(88)90031-0

Baggetta, P., and Alexander, P. A. (2016). Conceptualization and operationalization
of executive function. Mind Brain Educ. 10, 10-33. doi: 10.1111/mbe.12100

Barkley, R. A. (1997a). ADHD and the Nature of Self-Control. New York, NY:
Guilford.

Barkley, R. A. (1997b). Behavioral inhibition, sustained attention, and executive
function: constructing a unifying theory of ADHD. Psychol. Bull. 121, 65-94.
doi: 10.1037/0033-2909.121.1.65

Barkley, R. A. (1998). “A theory of ADHD: inhibition, executive functions, self-
control, and time,” in Attention Deficit Hyperactivity Disorders: A Handbook for
Diagnosis and Treatment, ed. R. A. Barkley (New York, NY: Guilford), 225-262.

Baumeister, R. F., and Heatherton, T. D. (1996). Self-regulation failure: an
overview. Psychol. Inq. 7, 1-15. doi: 10.1207/s15327965pli0701_1

Baumeister, R. F., Schmeichel, B. J., and Vohs, K. D. (2018). “Self-regulation and the
executive function: the self as controlling agent,” in Social Psychology: Handbook
of Basic Principles, 2nd Edn, eds A. W. Kruglanski and E. T. Higgins (New York,
NY: The Guilford Press).

Beattie, D. M. N. (2012). An Exploration of the Relationship Between Parental
Stress and Psychopatology within the Context of Childhood Attention Deficyt and
Hyperactivity. Ph. D. Thesis. University of Soudhapton: Soudhapton.

Spain), and UAL18-SEJ-DO31-A-FEDER
Almeria), and the European Social Fund.

(University — of

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2019.01919/full#supplementary-material

Berner, A., Carlson, S. M., and Whipple, N. (2010). From external regulation
to self-regulation: early parenting precursors of young children’s executive
functioning. Child Dev. 81, 326-339. doi: 10.1111/j.1467-8624.2009.01397.x

Best, J. R., Miller, P. H., and Naglieri, J. A. (2011). Relations between executive
function and academic achievement from ages 5 to 17 in a large, representative
national sample. Learn. Individ. Diff. 21, 327-336. doi: 10.1016/jlindif.2011.
01.007

Black, S., and Allen, J. D. (2017). Part 2: goals, mindset, and self-regulation. Ref.
Librar. 58, 159-173. doi: 10.1080/02763877.2016.1221787

Blair, C., and Razza, R. P. (2007). Relating effortful control, executive function, and
false belief understanding to emerging math and literacy ability in kindergarten.
Child Dev. 78, 647-663. doi: 10.1111/j.1467-8624.2007.01019.x

Bol, L., Campbell, K. D. Y., Perez, T., and Yen, C. J. (2016). The effects of self-
regulated learning training on community college students’ metacognition and
achievement in developmental math courses. Comm. Coll. J. Res. Pract. 40,
480-495. doi: 10.1080/10668926.2015.1068718

Bombin-Gonzalez, I, Cifuentes-Rodriguez, A., Climent-Martinez, G., Luna-Lario,
P., Cardas-Ibdnez, J., Tirapu-Ustarroz, J., et al. (2014). Validez ecoldgica y
entornos multitarea en la evaluacion de las funciones ejecutivas. [Ecological
validity and multitask environments in assessment of executive functions.]. Rev.
Neurol. 59, 77-87.

Brock, L., Rimm-Kaufman, S., Nathanson, L., and Grimm, K. (2009). The
contributions of “hot” and “cool” executive function to children’s academic
achievement, learning-related behaviors, and engagement in kindergarten.
Early Child. Res. Q. 24, 337-349. doi: 10.1016/j.ecresq.2009.06.001

Brown, J. M. (1998). “Self-regulation and the addictive behaviours,” in Treating
Addictive Behaviors, 2nd Edn, eds W. R. Miller and N. Heather (New York, NY:
Plenum Press), 61-73. doi: 10.1007/978-1-4899-1934-2_5

Brown, J. M., Miller, W. R., and Lawendowski, L. A. (1999). “The self-regulation
questionnaire,” in Innovations in Clinical Practice: A Source Book, eds L.
Vandecreek and T. L. Jackson (Sarasota, FL: Professional Resources Press),
281-293.

Bull, R, Espy, K. A,, and Wiebe, S. A. (2008). Short-term memory, working
memory, and executive functioning in preschoolers: longitudinal predictors
of mathematical achievement at 7 years. Dev. Neuropsychol. 33, 205-228. doi:
10.1080/87565640801982312

Calkins, S. D., and Marcovitch, S. (2010). “Emotion regulation and executive
functioning in early development: integrated mechanisms of control supporting
adaptive functioning,” in Human Brain Development. Child Development at
the Intersection of Emotion and Cognition, eds S. D. Calkins and M. A. Bell
(Washington, DC: American Psychological Association), 37-57. doi: 10.1037/
12059-003

Canet, L., Introzzi, I, Andrés, M. L., and Stelzer, F. (2016). La contribucion de
las funciones ejecutivas a la autorregulacion. [The contribution of Executive
functions to Self-regulation.]. Panam. J. Neuropsychol. 10, 106-128. doi: 10.
7714/CNPS/10.2.206

Carducci, B. J. (2009). The Psychology of Personality: Viewpoints, Research, and
Applications. Malden, MA: John Wiley & Sons.

Casey, R. (1992). The role of the frontal lobe in the regulation of cognitive
development. Brain Cogn. 20, 51-73. doi: 10.1080/87565640801982312

Chapman, G. B. (2005). Short-term cost for long-term benefit: time preference and
cancer control. Health Psychol. 24(4, Suppl.), S41-548. doi: 10.1037/0278-6133.
24.4.541

Cid-Sillero, S., Santiago-Ramajo, S., and Martin-Lobo, M. P. (2018). Relation
between executive functions and empathy and their influence on academic

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1919


https://www.frontiersin.org/articles/10.3389/fpsyg.2019.01919/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2019.01919/full#supplementary-material
https://doi.org/10.3389/fpsyg.2018.00245
https://doi.org/10.1016/j.jecp.2009.09.006
https://doi.org/10.7714/CNPS/10.1.202
https://doi.org/10.7714/CNPS/10.1.202
https://doi.org/10.3389/fpsyg.2017.00612
https://doi.org/10.1080/09602011.2014.990907
https://doi.org/10.1080/09602011.2014.990907
https://doi.org/10.1080/713755608
https://doi.org/10.1016/0278-2626(88)90031-0
https://doi.org/10.1111/mbe.12100
https://doi.org/10.1037/0033-2909.121.1.65
https://doi.org/10.1207/s15327965pli0701_1
https://doi.org/10.1111/j.1467-8624.2009.01397.x
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1080/02763877.2016.1221787
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1080/10668926.2015.1068718
https://doi.org/10.1016/j.ecresq.2009.06.001
https://doi.org/10.1007/978-1-4899-1934-2_5
https://doi.org/10.1080/87565640801982312
https://doi.org/10.1080/87565640801982312
https://doi.org/10.1037/12059-003
https://doi.org/10.1037/12059-003
https://doi.org/10.7714/CNPS/10.2.206
https://doi.org/10.7714/CNPS/10.2.206
https://doi.org/10.1080/87565640801982312
https://doi.org/10.1037/0278-6133.24.4.S41
https://doi.org/10.1037/0278-6133.24.4.S41
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

de la Fuente et al.

Micro, Molecular, Molar Level Research

performance in students of basic vocational training. Electron. J. Res. Educ.
Psychol. 16, 517-536.

Cleary, T. J. Y., and Chen, P. P. (2009). Self-regulation, motivation and math
achievement in middle school: variations across grade level and math context.
J. Sch. Psychol. 47, 291-314. doi: 10.1016/j.jsp.2009.04.002

Climent-Martinez, G., Luna-Lario, P,
Rodriguez, A., Tirapu-Ustdrroz, J., and Diaz-Orueta, U. (2014). Evaluacion
neuropsicologica de las funciones ejecutivas mediante realidad virtual.
[Neuropsychological assessment of executive functions through virtual reality].
Rev. Neurol. 58, 465-475.

De Brito, S., and Hodgind, S. (2009). “Executive functions of persistent violent

offenders: a critical review of the literature,” in The Neurobiological Basis

of Violence: Science and Rehabilitation, eds S. Hodgins, E. Viding, and A.

Plodowski (West Sussex: Oxford University Press), 167-199.

la Fuente, J. (2017). Theory of self- vs. externally-regulated learningTM:

fundamentals, evidence, and applicability. Front. Psychol. 8:1675. doi: 10.3389/

fpsyg.2017.01675

de la Fuente, J., Cubero, 1., Sdnchez-Amate, M. C., Peralta, F. J., Garzdn, A., and
Fiz-Pérez, ]. (2017a). The adolescent’s competency for interacting with alcohol
as a determinant of intake: the role of self-regulation. Front. Psychol. 8:1800.
doi: 10.3389/fpsyg.2017.01800

de la Fuente, J., and Justicia, F. (2003). Regulaciéon de la ensefianza para la
autorregulacion del aprendizaje en la Universidad [Regulating teaching for
self-regulated learning at University]. Aula Abierta 82, 161-171.

de la Fuente, J., Lopez-Garcia, M., Vera, M. M., Martinez-Vicente, J. M., and
Zapata, L. (2017b). Personal self-regulation, learning approaches, resilience and
test anxiety in psychology students. Estud. Educ. 32, 9-26. doi: 10.3389/fpsyg.
2017.00232

de la Fuente, J., Lopez-Garcia, M., Zapata, L., Martinez-Vicente, . M., Vera, M. M.,

Solinas, G., et al. (2014). Competency to study and learn in stressful contexts:

fundamentals of the e-Coping with academic stress utility. Electron. J. Res. Educ.

Psychol. 12,717-746. doi: 10.14204/ejrep.34.14034

la Fuente, J., Manas, I, Franco, C., Cangas, A., and Soriano, E. (2018).

Differential effect of level of self-regulation and mindfulness training on coping

strategies used by university students. Int. J. Environ. Res. Public Health 15,

2230. doi: 10.3390/ijerph15102230

de la Fuente, J., and Martinez-Vicente, J. M. (2007). Scales for the Interactive
Assessment of the Teaching Learning Process, IATLP. Almeria: Education &
Psychology I+D+1.

de la Fuente, J., Peralta, F. J., and Sanchez-Roda, M. D. (2008). Autorregulacion
personal y percepciéon de los comportamientos desadaptativos. [Personal
self-regulation and perception of maladaptive behaviors.]. Psicothema 21,
548-554.

de la Fuente, J., Sander, P., Martinez-Vicente, J. M., Vera, M., Garzén-Umerenkova,
A, and Fadda, S. (2017¢). Combined effect of levels in personal self-regulation
and regulatory teaching on meta-cognitive, meta-motivational, and academic
achievement variables in undergraduate students. Front. Psychol. 8:232. doi:
10.3389/fpsyg.2017.00232

de la Fuente, J., Sander, P., Justicia, F., Pichardo, M. C., and Garcia-Berbén,
A. B. (2010). Validation study of the scale for assessment of the teaching-
learning process, student version (ATLP-S). Electron. ]. Res. Educ. Psychol. 8,
815-840.

de la Fuente, J., Zapata, L., Martinez-Vicente, J. M., Sander, P., and Cardelle-
Elawar, M. (2015). The role of personal self-regulation and regulatory
teaching to predict motivational-affective variables, achievement, and
satisfaction: a structural model. Front. Psychol. 6:399. doi: 10.3389/fpsyg.2015.
00399

De los Angeles, M. (2012). Las funciones ejecutivas cdlidas y el rendimiento
académico [Hot executive functions and academic performance]. Doctoral
dissertation, University of Madrid: Madrid.

Deekens, V. M., Greene, J. A., and Lobczowski, N. G. (2018). Monitoring and
depth of strategy use in computer-based learning environments for science and
history. Br. J. Educ. Psychol. 88, 63-79. doi: 10.1111/bjep.12174

Diamond, A. (2012). Activities and programs that improve children’s
executive functions. Curr. Direct. Psychol. Sci. 21, 335-341. doi:
10.1177/0963721412453722

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135-168. doi:
10.1146/annurev-psych-113011-143750

Bombin-Gonzélez, 1., Cifuentes-

ds

4]

ds

9

Diamond, A., and Ling, D. S. (2016). Conclusions about interventions, programs,
and approaches for improving executive functions that appear justified and
those that, despite much hype, do not. Dev. Cogn. Neurosci. 18, 34-48. doi:
10.1016/j.dcn.2015.11.005

Diaz-Orueta, U., Garcia-Lopez, C., Crespo-Eguilaz, N., Sanchez-Carpintero, R.,
Climent, G., and Narbona, J. (2013). AULA virtual reality test as an attention
measure: convergent validity with conners’ continuous performance test. Child
Neuropsychol. 20, 328-342. doi: 10.1080/09297049.2013.792332

Diaz-Orueta, U., Iriarte, Y., Climent-Martinez, G., and Banterla, F. (2012). An
ecological virtual reality test with distractors for attention in children and
adolescents. J. Virt. Real. 5, 1-20.

Diez, E., and Bausela, E. (2018). Funciones ejecutivas y la competencia para resolver
problemas matematicos en educacion primaria [Executive functions and the
competence to solve mathematical problems in primary education]. Panam. J.
Neuropsychol. 12, 43-57.

Duckworth, A. L., Taxer, J. L., Eskreis-Winkler, L., Galla, B. M., and Gross,
J. J. (2019). Self-control and academic achievement. Annu. Rev. Psychol. 70,
373-399. doi: 10.1146/annurev-psych-010418-103230

Dvorsky, M. R., and Langberg, J. M. (2016). A review of factors that promote
resilience in youth with ADHD and ADHD symptoms. Clin. Child Fam.
Psychol. Rev. 19, 368-391. doi: 10.1007/s10567-016-0216-z

El Haj, M., and Allain, P. (2012). What do we know about the relationship between
source monitoring deficits and executive dysfunction? Neuropsychol. Rehabil.
22, 449-472. doi: 10.1080/09602011.2012.658267

Elliot, R. (2003). Executive functions and their disorders. Br. Med. Bull. 65, 49-59.
doi: 10.1093/bmb/65.1.49

Eshel, N., Nelson, E. E., Blair, R. J., Pine, D. S., and Ernst, M. (2007). Neural
substrates of choices selection in adults and adolescents: development of the
ventrolateral prefrontal and anterior cingulated cortices. Neuropsychologia 45,
1270-1279. doi: 10.1016/j.neuropsychologia.2006.10.004

Esopo, K., Mellowb, D., Thomasc, C., Uckatd, H., Abrahame, J., Jainf, P., et al.
(2018). Measuring self-efficacy, executive function, and temporal discounting
in Kenya. Behav. Res. Ther. 101, 30-45. doi: 10.1016/j.brat.2017.10.002

Ferrari, J. R., Stevens, E. B., and Jason, L. A. (2009). The role of self-regulation
in abstinence maintenance: effects of communal living on self-regulation.
J. Groups Addict. Recov. 4, 32-41. doi: 10.1080/15560350802712371

Follmer, D. J. (2018). Executive function and reading comprehension: a meta-
analytic review. Educ. Psychol. 53, 42-60. doi: 10.1080/00461520.2017.1309295

Follmer, D. J., and Sperling, R. A. (2016). The mediating role of metacognition in
the relationship between executive function and self-regulated learning. Br. J.
Educ. Psychol. 86, 559-575. doi: 10.1111/bjep.12123

Follmer, D. J.,, and Sperling, R. A. (2018c). Interactions between reader and
text: contributions of cognitive processes, strategy use, and text cohesion to
comprehension of expository science text. Learn. Individ. Diff. 67, 177-187.
doi: 10.1016/j.1indif.2018.08.005

Follmer, D. J., and Sperling, R. A. (2018a). A latent variable analysis of the
contribution of executive function to adult readers’ comprehension of science
text: the roles of vocabulary ability and level of comprehension. Read. Writ. 32,
377-403. doi: 10.1007/s11145-018-9872-3

Follmer, D. ], and Sperling, R. A. (2018b). Examining the role of self-regulated
learning microanalysis in the assessment of learners’ regulation. J. Exp. Educ.
87,269-287. doi: 10.1080/00220973.2017.1409184

Fong, W., Mejia, L. P., and Amaya, N. (2018). Metacognition and its association
with teacher quality and student attitude in engineering students. Contemp.
Eng. Sci. 11, 3035-3041. doi: 10.12988/ces.2018.87306

Fryer, L. K, and Vermunt, J. D. (2018). Regulating approaches to learning: testing
learning strategy convergences across a year at university. Br. J. Educ. Psychol.
88, 21-41. doi: 10.1111/bjep.12169

Fuster, J. M. (1989). The Prefrontal Cortex. New York, NY: Raven Press.

Fuster, J. M. (1997). The Prefrontal Cortex-Anatomy, Physiology, and
Neuropsychology of the Frontal Lobe. Philadelphia, PA: Lippincott-Raven.

Fuster, J. M. (2002). Frontal lobe and cognitive development. J. Neurocytol. 31,
373-385.

Gaillardin, F., and Baudri, S. (2018). Influence of working memory and executive
function on stair ascent and descent in young and older adults. Exp. Gerontol.
106, 74-79. doi: 10.1016/j.exger.2018.02.022

Garcia-Molina, A., Ensefiat, A., Tirapu-Ustarroz, J., and Roig-Rovira, T. (2009).
Maduracién de la corteza prefrontal y desarrollo de las funciones ejecutivas

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1919


https://doi.org/10.1016/j.jsp.2009.04.002
https://doi.org/10.3389/fpsyg.2017.01675
https://doi.org/10.3389/fpsyg.2017.01675
https://doi.org/10.3389/fpsyg.2017.01800
https://doi.org/10.3389/fpsyg.2017.00232
https://doi.org/10.3389/fpsyg.2017.00232
https://doi.org/10.14204/ejrep.34.14034
https://doi.org/10.3390/ijerph15102230
https://doi.org/10.3389/fpsyg.2017.00232
https://doi.org/10.3389/fpsyg.2017.00232
https://doi.org/10.3389/fpsyg.2015.00399
https://doi.org/10.3389/fpsyg.2015.00399
https://doi.org/10.1111/bjep.12174
https://doi.org/10.1177/0963721412453722
https://doi.org/10.1177/0963721412453722
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1080/09297049.2013.792332
https://doi.org/10.1146/annurev-psych-010418-103230
https://doi.org/10.1007/s10567-016-0216-z
https://doi.org/10.1080/09602011.2012.658267
https://doi.org/10.1093/bmb/65.1.49
https://doi.org/10.1016/j.neuropsychologia.2006.10.004
https://doi.org/10.1016/j.brat.2017.10.002
https://doi.org/10.1080/15560350802712371
https://doi.org/10.1080/00461520.2017.1309295
https://doi.org/10.1111/bjep.12123
https://doi.org/10.1016/j.lindif.2018.08.005
https://doi.org/10.1007/s11145-018-9872-3
https://doi.org/10.1080/00220973.2017.1409184
https://doi.org/10.12988/ces.2018.87306
https://doi.org/10.1111/bjep.12169
https://doi.org/10.1016/j.exger.2018.02.022
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

de la Fuente et al.

Micro, Molecular, Molar Level Research

durante los primeros cinco afios de vida. Rev. Neurol. 48, 435-440. doi: 10.
33588/rn.4808.2008265

Garzén-Umerenkova, A., de la Fuente, J., Amate, ., Paoloni, P. V., Fadda, S., and
Pérez, ]. F. (2018). A linear empirical model of self-regulation on flourishing,
health, procrastination, and achievement, among university students. Front.
Psychol. 9:536. doi: 10.3389/fpsyg.2018.00536

Garzon-Umerenkova, A., de la Fuente, J., Martinez-Vicente, J. M., Zapata-
Sevillano, L., Pichardo, M. C., and Garcia-Berbén, A. B. (2017). Validation of
the Spanish short self-regulation questionnaire (SSSRQ) through rasch analysis.
Front. Psychol. 8:276. doi: 10.3389/fpsyg.2017.00276

Gathercole, S. E., and Pickering, S.J. (2000a). Assessment of working memory in six
and seven year old children. J. Educ. Psychol. 92, 377-390. doi: 10.1037/0022-
0663.92.2.377

Gathercole, S. E., and Pickering, S. J. (2000b). Working memory deficits in children
with low achievement in the national curriculum at 7 years of age. Br. J. Educ.
Psychol. 70, 177-194. doi: 10.1348/000709900158047

Gil-Fenoy, M. J., Garcia-Garcfa, J., Carmona-Samper, E., and Ortega-Campos, E.
(2018). Antisocial behavior and executive functions in young offenders. Rev.
Psicodiddct. 23, 70-76. doi: 10.1016/j.psicod.2017.09.001

Greene, J. A. (2018). Self-Regulation in Education. New York, NY: Routledge.

Greene, J. A, Bolick, C. M., Caprino, A. M., Deekens, V. M., McVea, M., Yu, S. B.,
et al. (2015). Fostering high-school students’ self-regulated learning online and
across academic domains. High Sch. J. 99, 88-106. doi: 10.1353/hsj.2015.0019

Greene, J. A., Deekens, V. M., Copeland, D. Z., and Yu, S. (2018). “Capturing and
modeling self-regulated learning using think-aloud protocols,” in Handbook
of Self-Regulation of Learning and Performance, 2nd Edn, eds D. H. Schunk
and J. A. Greene (New York, NY: Routledge), 323-337. doi: 10.4324/
9781315697048-21

Gunzenhauser, C., Saalbach, H., and von Suchodoletz, A. (2017). Boys have caught
up, family influences still continue: influences on executive functioning and
behavioral self-regulation in elementary students in Germany. PsyCh. J. 6,
29-42. doi: 10.1002/pchj.157

Holmes, J., Bryant, A., and Gathercole, S. E. (2019). Protocol for a transdiagnostic
study of children with problems of attention, learning and memory (CALM).
BMC Pediatr. 19:10. doi: 10.1186/s12887-018-1385-3

Hongwanishkul, D., Happaney, K. R., Lee, W. S. C,, and Zelazo, P. D. (2005).
Assessment of hot and cool executive function in young children: age-related
changes and individual differences. Dev. Neuropsychol. 28, 617-644. doi: 10.
1207/s15326942dn2802_4

Howard-Jones, P. A. (2014). Neuroscience and education: myths and messages.
Nat. Rev. Neurosci. 15, 817-824. doi: 10.1038/nrn3817

Iriarte, Y., Diaz-Orueta, U., Cueto, E., Irazustabarrena, P., Banterla, F., and
Climent, G. (2016). AULA-advanced virtual reality tool for the assessment of
attention: normative study in Spain. J. Attent. Disord. 20, 542-568. doi: 10.1177/
1087054712465335

Jacoby, N., and Lavidor, M. (2018). Null tDCS effects in a sustained attention task:
the modulating role of learning. Front. Psychol. 9:476. doi: 10.3389/fpsyg.2018.
00476

Lezak, M. D. (1982). The problem of assessing executive functions. J. Psychol. 17,
281-297.

Li, J., Ye, H,, Tang, Y., Zhou, Z., and Hu, X. (2018). What are the effects of self-
regulation phases and strategies for chinese students? a meta-analysis of two
decades of research of the association between self-regulation and academic
performance. Front. Psychol. 9:2434. doi: 10.3389/fpsyg.2018.02434

Lilienfeld, S. O., Sauvigné, K. C., Lynn, S. J., Cautin, R. L., Latzman, R. D., and
Waldman, I. D. (2015). Fifty psychological and psychiatric terms to avoid: a list
of inaccurate, misleading, misused, ambiguous, and logically confused words
and phrases. Front. Psychol. 6:1100. doi: 10.3389/fpsyg.2015.01100

Lukito, S. D., O’Daly, O. G., Lythgoe, D. J., Whitwell, S., Debnam, A., Murphy,
C. M, et al. (2018). Neural correlates of duration discrimination in young
adults with autism spectrum disorder, attention-deficit/hyperactivity disorder
and their comorbid presentation. Front. Psychiatry 9:569. doi: 10.3389/fpsyt.
2018.00569

Luria, R. (1966). Human Brain and Psychological Processess. New York, NY: Harper
and Row Publishers.

McCabe, D. P., and Castel, A. D. (2008). Seeing is believing: the effect of brain
images on judgements of scientific reasoning. Cognition 107, 343-352. doi:
10.1016/j.cognition.2007.07.017

McClelland, M., Geldhof, J., Morrison, F., Gestsdéttir, S., Cameron, C., Bowers, E.,
etal. (2018). “Self-regulation,” in Handbook of Life Course Health Development,
eds N. Halfon, C. Forrest, R. Lerner, and E. Faustman (Cham: Springer),
275-297. doi: 10.1007/978-3-319-47143-3_12

Meltzer, L. (2007). Executive Function in Education: From Theory to Practice.
New York, NY: Guilford Press.

Metcalfe, J., and Mischel, W. (1999). A hot/cool-system analysis of delay of
gratification: dynamics of willpower. Psychol. Rev. 106, 3-19. doi: 10.1037/0033-
295X.106.1.3

Miller, A. L., Gearhardt, A. G., Fredericks, E. M., Katz, B., Shapiro, L. K., Holden, K.,
et al. (2018). Targeting self-regulation to promote health behaviors in children.
Behav. Res. Ther. 101, 71-81. doi: 10.1016/j.brat.2017.09.008

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex frontal lobe tasks. A latent variable analysis. Cogn.
Psychol. 41, 49-100. doi: 10.1006/cogp.1999.0734

Molfese, V. J., Molfese, P. J., Molfese, D. L., Rudasill, K. M., Armstrong, N.,
and Starkey, G. (2010). Executive function skills of 6-8 year olds: brain and
behavioral evidence and implications for school achievement. Contemp. Educ.
Psychol. 35, 116-125. doi: 10.1016/j.cedpsych.2010.03.004

Monette, S., Bigras, M., and Guay, M. C. (2011). The role of the executive functions
in school achievement at the end of Grade 1. J. Exp. Child Psychol. 109, 158-173.
doi: 10.1016/j.jecp.2011.01.008

Moore, D. A,, Russell, A. E., Matthews, J., Ford, J. ., Rogers, M., Ukoumunne, O. C.,
et al. (2018). School-based interventions for attention-deficit/hyperactivity
disorder: a systematic review with multiple synthesis methods. Rev. Educ. 6,
209-263. doi: 10.1002/rev3.3149

Musso, M. F., Boekaertsc, M., Segersd, M., and Cascallare, E. D. (2019). Individual
differences in basic cognitive processes and self-regulated learning: their
interaction effects on math performance. Learn. Individ. Diff. 71, 58-70. doi:
10.1016/j.1indif.2019.03.003

Nir-Hadad, S. H., Weiss, P. L., Waizman, A., Schwartz, N., and Kizony, R. (2017).
A virtual shopping task for the assessment of executive functions: validity for
people with stroke. Neuropsychol. Rehabil. 27, 808-833. doi: 10.1080/09602011.
2015.1109523

Pallarés-Dominguez, D. (2016). Neuroeducacion en didlogo: neuromitos en el
proceso de ensefianza-aprendizaje y en la educacion moral [Neuroeducation in
dialogue: neuromites in the teaching-learning process and in moral education].
Pensamiento 273, 941-958.

Panadero, A., and Alonso-Tapia, J. (2014). ;Cémo autorregulan nuestros alumnos?
Revision del modelo ciclico de Zimmerman sobre estrategias de aprendizaje
[How do our students self-regulate? Review of Zimmerman’s cyclical model
of learning strategies]. An. Psicol. 30, 450-462. doi: 10.6018/analesps.30.2.
167221

Panadero, E. (2017). A review of self-regulated learning: six models and four
directions for research. Front. Psychol. 8:422. doi: 10.3389/fpsyg.2017.00422

Pellerone, M., Iacolino, C., Mannino, G., Formica, I., and Zabbara, S. (2016).
Linfluenza di parenting su cognitive maladattive schema: una ricerca trasversale
su un gruppo di adulti [The influence of parenting on cognitive maladaptive
schema: a cross-sectional research on a group of adults]. J. Psychol. Res. Behav.
Manag. 10, 47-58. doi: 10.2147/PRBM.S117371

Pera-Guardiola, V., Batalla, I., Bosque, J., Kosson, D., Pifarré, J., Hernandez-Rivas,
R., et al. (2016). Modulatory effects of psychopathology on Wisconsin card
sorting test performance in male offenders with antisocial personality disorder.
Psychiatry Res. 235, 43-48. doi: 10.1016/j.psychres.2015.12.003

Peters-Burton, E. E., and Botov, L. S. (2017). Self-regulated learning microanalysis
as a tool to inform professional development delivery in real-time. Metacogn.
Learn. 12, 45-78. doi: 10.1007/s11409-016-9160-z

Pichardo, C., Justicia, F., de la Fuente, J., Martinez-Vicente, J. M., and Garcia-
Berbén, A. B. (2014). Factor structure of the self-regulation questionnaire (SRQ)
at Spanish Universities. Span. J. Psychol. 17, E62. doi: 10.1017/sjp.2014.63

Pintrich, P. R. (2000a). Multiple goals, multiple pathways: the role of goal
orientation in learning and achievement. J. Educ. Psychol. 92, 544-555. doi:
10.1037/0022-0663.92.3.544

Pintrich, P. R. (2000b). “The role of goal orientation in self-regulated learning,” in
Handbook of Self-Regulation, eds M. Boekaerts, P. R. Pintrich, and M. Zeidner
(San Diego, CA: Academic Press), 451-502. doi: 10.1016/b978-012109890-2/
50043-3

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1919


https://doi.org/10.33588/rn.4808.2008265
https://doi.org/10.33588/rn.4808.2008265
https://doi.org/10.3389/fpsyg.2018.00536
https://doi.org/10.3389/fpsyg.2017.00276
https://doi.org/10.1037/0022-0663.92.2.377
https://doi.org/10.1037/0022-0663.92.2.377
https://doi.org/10.1348/000709900158047
https://doi.org/10.1016/j.psicod.2017.09.001
https://doi.org/10.1353/hsj.2015.0019
https://doi.org/10.4324/9781315697048-21
https://doi.org/10.4324/9781315697048-21
https://doi.org/10.1002/pchj.157
https://doi.org/10.1186/s12887-018-1385-3
https://doi.org/10.1207/s15326942dn2802_4
https://doi.org/10.1207/s15326942dn2802_4
https://doi.org/10.1038/nrn3817
https://doi.org/10.1177/1087054712465335
https://doi.org/10.1177/1087054712465335
https://doi.org/10.3389/fpsyg.2018.00476
https://doi.org/10.3389/fpsyg.2018.00476
https://doi.org/10.3389/fpsyg.2018.02434
https://doi.org/10.3389/fpsyg.2015.01100
https://doi.org/10.3389/fpsyt.2018.00569
https://doi.org/10.3389/fpsyt.2018.00569
https://doi.org/10.1016/j.cognition.2007.07.017
https://doi.org/10.1016/j.cognition.2007.07.017
https://doi.org/10.1007/978-3-319-47143-3_12
https://doi.org/10.1037/0033-295X.106.1.3
https://doi.org/10.1037/0033-295X.106.1.3
https://doi.org/10.1016/j.brat.2017.09.008
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.cedpsych.2010.03.004
https://doi.org/10.1016/j.jecp.2011.01.008
https://doi.org/10.1002/rev3.3149
https://doi.org/10.1016/j.lindif.2019.03.003
https://doi.org/10.1016/j.lindif.2019.03.003
https://doi.org/10.1080/09602011.2015.1109523
https://doi.org/10.1080/09602011.2015.1109523
https://doi.org/10.6018/analesps.30.2.167221
https://doi.org/10.6018/analesps.30.2.167221
https://doi.org/10.3389/fpsyg.2017.00422
https://doi.org/10.2147/PRBM.S117371
https://doi.org/10.1016/j.psychres.2015.12.003
https://doi.org/10.1007/s11409-016-9160-z
https://doi.org/10.1017/sjp.2014.63
https://doi.org/10.1037/0022-0663.92.3.544
https://doi.org/10.1037/0022-0663.92.3.544
https://doi.org/10.1016/b978-012109890-2/50043-3
https://doi.org/10.1016/b978-012109890-2/50043-3
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

de la Fuente et al.

Micro, Molecular, Molar Level Research

Prencipe, A., Kesek, A., Cohen, J., Lamm, C., Lewis, M. D., and Zelazo, P. D.
(2011). Development of hot and cool executive function during the transition
to adolescence. J. Exp. Child Psychol. 108, 621-637. doi: 10.1016/j.jecp.2010.
09.008

Rademacher, A., and Koglin, U. (2018). The concept of self-regulation and
preschoolers” social-emotional development: a systematic review. Early Child
Dev. Care 1-19. doi: 10.1080/03004430.2018.1450251

Ramirez, Y. (2014). Predictores neuropsicologicos de las habilidades académicas
[Neuropsychological predictors of academic skills]. Panam. J. Neuropsychol. 8,
155-170.

Ray, J. J, and Najman, J. M. (1986). The generalizability of deferment of
gratification. J. Soc. Psychol. 126, 117-119. doi: 10.1080/00224545.1986.9713578

Romero-Lépez, M., Pichardo, M. C., Inguglia, S., and Justicia, F. (2015). The
role of executive function in social competence and behavioral problems in
the last year of preschool. Ann. Psychol. 34, 490-499. doi: 10.6018/analesps.
3432

Roth, R. H., Lance, C. E., Isquith, P. K., Fischer, A. D., and Giancola, P. R.
(2013). Confirmatory factor analysis of the behavior rating inventory of
executive function-adult version in healthy adults and application to attention-
deficit/hyperactivity disorder. Arch. Clin. Neuropsychol. 5, 425-434. doi: 10.
1093/arclin/act031

Roth, R. M., Isquith, P. K., and Gioia, G. A. (2005). BRIEF-A: Behavior Rating
Inventory of Executive Function-Adult Version: Professional Manual. Lutz, FL:
Psychological Assessment Resources.

Rubia, K. (2018). Cognitive neuroscience of attention deficit hyperactivity disorder
(ADHD) and its clinical translation. Front. Hum. Neurosci. 29:100. doi: 10.3389/
fnhum.2018.00100

Rutherford, T., Buschkuehl, T., Jaeggi, S. M., and Farkas, G. (2018). Links between
achievement, executive functions, and self-regulated learning. Appl. Cogn.
Psychol. 32, 763-774. doi: 10.1002/acp.3462

Sadek, J. (2019). Clinician’s Guide to ADHD Comorbidities in Children and
Adolescents. Case Studios. London: Springer.

Sanchez, M., Lavigne, R, Romero, J. F., and El6segui, E. (2019). Emotion regulation
in participants diagnosed with attention deficit hyperactivity disorder, before
and after an emotion regulation intervention. Front. Psychol. 10:1092. doi:
10.3389/fpsyg.2019.01092

Schunk, D. H. (2005). Self-regulated learning: the educational legacy of Paul R.
Pintrich. Educ. Psychol. 40, 85-94. doi: 10.1207/s15326985ep4002_3

Schunk, D. H., and Greene, J. A. (eds) (2018). Handbook of Self-Regulation of
Learning and Performance, 2nd Edn. New York, NY: Routledge.

Schutz, P. A., and Davis, H. A. (2000). Emotions and self-regulation during test
taking. Educ. Psychol. 35, 243-256. doi: 10.1207/S15326985EP3504_03

Servera-Barceld, M. (2005). Modelo de autorregulacion de Barkley aplicado al
trastorno por déficit de atencién con hiperactividad: una revision [Barkley’s
model of self-regulation apllied to attention deficit activity disorder: a review”].
Rev. Neurol. 40, 358-368.

Sherman, J., Rassmusen, C., and Baydala, L. (2008). The impact of teacher
factors on achievement and behavioural outcomes of children with attention
deficit/hyperactivity disorder (ADHD): a review of the literatura. Educ. Res. 50,
347-360. doi: 10.1080/00131880802499803

Sperling, R. A., Ramsay, C. M., Reeves, P. M., Follmer, D. J., and Richmond,
A. S. (2016). Supporting students’ knowledge construction and self-regulation
through the use of elaborative processing strategies. Middle Sch. J. 47, 25-32.
doi: 10.1080/00940771.2015.1135099

Spruce, R., and Bol, L. (2015). Teacher beliefs, knowledge, and practice of self-
regulated learning. Metacogn. Learn. 10, 245-277. doi: 10.1007/s11409-014-
9124-0

Strauman, T. J. (2002). Self-regulation and depression. Self Ident. 1, 151-157.
doi: 10.1080/152988602317319339

Strathman, A., Gleicher, F., Boninger, D. S., and Edwards, C. S. (1994).
The consideration of future consequences: weighing immediate and distant
outcomes of behavior. J. Pers. Soc. Psychol. 66, 742-752. doi: 10.1037/0022-3514.
66.4.742

Terry, M. L., and Leary, M. R. (2011). Self-compassion, self-regulation, and health.
Self Ident. 10, 352-362. doi: 10.1080/15298868.2011.558404

Timmons, K., Pelletier, J., and Corter, C. (2016). Understanding children’s self-
regulation within different classroom contexts. Early Child Dev. Care 186,
249-267. doi: 10.1080/03004430.2015.1027699

Tirapu-Ustarroz, J., Cordero-Andrés, P., and Bausela-Herreras, E. (2018).
Funciones ejecutivas en poblacion infantil: propuesta de una clarificacion
conceptual e integradora basada en resultado de anélisis factoriales [Executive
functions in children: proposal for a conceptual and integrative clarification
based on factor analysis results]. Panam. J. Neuropsychol. 12, 1-31. doi: 10.7714/
CNPS§/12.3.203

vanDellen, M. R., and Hoyle, R. H. (2008). Possible selves as behavioral
standards in self-regulation. Self Ident. 7, 295-304. doi: 10.1080/1529886070164
1108

Vermunt, D. H. M. (1989). “The interplay between internal and external regulation
of learning, and the design of process-oriented instruction,” in Paper Presented
at the Conference of the European Association of Research on Learning and
Instruction, (Madrid).

Vermunt, J. D. (2007). The power of teaching-learning environments to influence
student learning. Br. J. Educ. Psychol. Monogr. Ser. 4, 73-90.

Wagner, B., Fitzpatrick, J. P., Mazzucchelli, T., Symons, M., Olson, H. C., Jirikowic,
T., et al. (2018). Study protocol for a self-controlled cluster randomised trial
of the alert program to improve self-regulation and executive function in
australian aboriginal children with fetal alcohol spectrum disorder. BM] Open
8:021462. doi: 10.1136/bmjopen-2017-021462

Wiese, C., Tay, L., Duckworth, A. L., D’Mello, S., Kuykendall, L., Hofmann, W.,
et al. (2018). Too much of a good thing? Exploring the inverted-U relationship
between self-control and happiness. J. Pers. 86, 380-396. doi: 10.1111/jopy.
12322

Wilhelmsen-Langeland, A., Saxvig, I. W., Johsen, E. H., Marszalekc, M. A, Isolde,
M., Andersen, W., et al. (2019). Patients with delayed sleep-wake phase disorder
show poorer executive functions compared to good sleepers. Sleep Med. 54,
244-249. doi: 10.1016/j.sleep.2018.10.035

Wimmer, L., Stockhausen, L. V., and Bellingrath, S. (2019). Effects of mindfulness
training on regulatory and academic abilities in preadolescents: results from a
pilot study. Open Psychol. 1, 69-93. doi: 10.1515/psych-2018-0006

Zimmerman, B. J. (2000). “Attaining self-regulation: a social cognitive perspective,”
in Handbook of Self-Regulation, eds M. Boekaerts, P. R. Pintrich, and M. Zeidner
(San Diego, CA: Academic Press), 13-40.

Zimmerman, B. J., and Labuhn, A. S. (2012). “Self-regulation of learning:
process approaches to personal development,” in APA Educational Psychology,
Handbook, Vol. 1, eds K. R. Harris, S. Graham, and T. Urdam (Washington,
DC: American Psychological Association), 339-425.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 de la Fuente, Gonzdlez-Torres, Azndrez-Sanado, Martinez-
Vicente, Peralta-Sdnchez and Vera. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1919


https://doi.org/10.1016/j.jecp.2010.09.008
https://doi.org/10.1016/j.jecp.2010.09.008
https://doi.org/10.1080/03004430.2018.1450251
https://doi.org/10.1080/00224545.1986.9713578
https://doi.org/10.6018/analesps.34.3.2
https://doi.org/10.6018/analesps.34.3.2
https://doi.org/10.1093/arclin/act031
https://doi.org/10.1093/arclin/act031
https://doi.org/10.3389/fnhum.2018.00100
https://doi.org/10.3389/fnhum.2018.00100
https://doi.org/10.1002/acp.3462
https://doi.org/10.3389/fpsyg.2019.01092
https://doi.org/10.3389/fpsyg.2019.01092
https://doi.org/10.1207/s15326985ep4002_3
https://doi.org/10.1207/S15326985EP3504_03
https://doi.org/10.1080/00131880802499803
https://doi.org/10.1080/00940771.2015.1135099
https://doi.org/10.1007/s11409-014-9124-0
https://doi.org/10.1007/s11409-014-9124-0
https://doi.org/10.1080/152988602317319339
https://doi.org/10.1037/0022-3514.66.4.742
https://doi.org/10.1037/0022-3514.66.4.742
https://doi.org/10.1080/15298868.2011.558404
https://doi.org/10.1080/03004430.2015.1027699
https://doi.org/10.7714/CNPS/12.3.203
https://doi.org/10.7714/CNPS/12.3.203
https://doi.org/10.1080/15298860701641108
https://doi.org/10.1080/15298860701641108
https://doi.org/10.1136/bmjopen-2017-021462
https://doi.org/10.1111/jopy.12322
https://doi.org/10.1111/jopy.12322
https://doi.org/10.1016/j.sleep.2018.10.035
https://doi.org/10.1515/psych-2018-0006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Implications of Unconnected Micro, Molecular, and Molar Level Research in Psychology: The Case of Executive Functions, Self-Regulation, and External Regulation
	Introduction
	Levels and Formats of Psychology Research
	Definition of Levels and Formats
	Issues Associated With the Different Levels of Research Inference
	Level of Micro-Analysis
	Molecular Analysis Level
	Level of Molar Analysis
	Compartmentalization Error
	Overgeneralization Error
	Fuzziness Error


	The Case of Executive Functions, Self-Regulation, and External Regulation
	Levels of Analysis
	Micro-Analysis Level of the Problem (Behavioral "Hardware''): Executive Functions
	Definition and typology
	Neurocognitive treatment
	Neuropsychological concept of "executive functions'' and its limitations

	Molecular Analysis Level (Behavioral "Software''): Self-Regulation
	Definition and typology
	Conclusion

	Level of Molar Analysis (Real Interactive Behavior): Self- vs. External-Regulation
	Definition
	Conclusion


	Assessment of Constructs
	Assessment in Micro-Analysis: Executive Functions (see Supplementary Material Anex 1)
	Behavior Rating Inventory of Executive Function – Adult Version, BRIEF-A (Roth et al., 2005, 2013)
	Consideration of Future Consequences (CFCs) (Strathman et al., 1994)
	Deferment of Gratification Scale (DGS) (Ray and Najman, 1986)
	Assessment in Molecular Analysis: Self-Regulation (see Supplementary Material Anex 1)
	Adolescent self-regulatory inventory
	Self-regulation questionnaire (SRQ) (Brown et al., 1999)

	Assessment in Molar Analysis: Assessment of Self- vs. External-Regulation (see Supplementary Material Anex 1)


	Discussion and Conclusion
	Limitations, Implications, and Future Prospects

	Author Contributions
	Funding
	Supplementary Material
	References


