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Chapter 1.

Theoretical and empirical background.






Theoretical and empirical background

1.1 Introduction: Attention as a cognitive control mechanism

One of the key features that enable human’s coherent behaviour and
cognition is our ability to organize, regulate and adapt to a changing environment in
order to accomplish goals. Since ancient times, different philosophers and influential
figures throughout human history attributed to the ability of self-regulation an
essential role for the individual wellbeing. However, it was not until the emergence
of scientific psychology at then end of the 19th century that a comprehensive and
operationalized framework was developed with the purpose of studying, measuring
and understanding the mechanisms underlying such abilities. Regulation skills can
be integrated within the framework of cognitive control mechanisms, which can be
defined as a set of cognitive processes that interact with each other in order to
detect, integrate and process information to produce the most suitable behavioural

outcome according to particular circumstances.

One of the first authors to describe such cognitive control mechanisms was
William James, one of the forefathers of modern Psychology. James linked the ideas
of volition and control to attention, a process that he described as “the taking
possession by the mind in clear and vivid form, of one out of what seem several
simultaneously possible objects or trains of thought..It implies withdrawal from
some things in order to deal effectively with others, and is a condition which has a
real opposite in the confused, dazed, scatter-brained state." (p. 403) (James, 1890).
Despite being quite subjective, this early definition undoubtedly shed some light on

the various cognitive mechanisms underlying attention and provided a conceptual
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Theoretical and empirical background

framework that was used years later in further efforts to understand this function

and its neural basis.

Attention processes have been the subjects of a thorough investigation in the
past decades, especially since the emergence of Cognitive Psychology in the 1950s
(Miller, 2003). Thanks to the vast amount of data that has been gathered within this
research tradition, it has been possible to uncover different cognitive processes that
act as part of the attention system, with the subsequent emergence of models that
try to provide a comprehensive framework of attention. With the help of modern
cognitive neuroscience techniques it has been possible to test the different models
and outline the brain structures and neural networks underlying attention

processes.

One of the first models to portrait attention as a central cognitive control
mechanism was the Supervisory Attentional System by Norman and Shallice
(1986). This model was introduced as a way to explain how automatic and control
processes, two very different but interrelated processes, act and interact with each
other in order to produce coherent goal-driven behaviour (Posner & Snyder, 2004).
Generally, the model instates that with sufficient practice individuals develop a set
of well-learned routines that don't require much of attention to be executed. These
actions can be initiated without deliberate attention (e.g. eating while talking),
carried out without awareness (e.g. walking), even when attention is drawn
automatically to something (e.g. orienting to a novel stimuli), and can be performed
without interfering with other, more important tasks (e.g. brushing our teeth while
reading an email). Norman and Shallice (1986) proposed that these automatic well-
learned actions are controlled by a set of mechanisms that act activating and

15



Theoretical and empirical background

inhibiting schemas called the contention scheduling mechanism. When a simple, well-
learned action sequence is performed, a set of schemas that represent this sequence
is activated by a perceptual event. This set of schemas constitutes each one of the
processes that has to be performed in order to complete the action. For example, the
act of drinking from a cup leads to the activation of schemas that control the
extension of the arm, the opening of the hand and graving of the cup, the contraction

of the hand and the careful placing of the cup on the lips.

However, not all actions that we perform in our lives are automatic. During
the day we face situations that require a) planning and decision making, b) novel
sequences of actions, c) overcoming of strong habitual responses, d) different kinds
of conflict that need to be resolved, and/or e) situations that pose some degree of
threat or danger that are better faced with careful attention (Norman & Shallice,
1986). In most cases, both automatic and controlled processes are involved. For
example, one could imagine a situation in which somebody buys a new racing
motorbike after having owned a scooter for a long time. Even though the general
schemas of balance and driving (e.g. put on a helmet, look at the side mirrors, use
the side lights to mark your way) are already learned, one needs to commit more
resources to learn the new schemas required for properly driving of the new
motorbike (e.g. how to change gear, be aware of the r.p.m. indicator). Norman and
Shallice argue that in these cases the implementation of the Supervisory Attention
System (SAS) enables the voluntary activation and inhibition of schemas. In their
model, they explain how the SAS acts as a control-selection mechanism that helps

the individual to select the best response when facing with novel situations that do
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not fit with the automatic response schemas that are available for that particular

individual.

One of the most influential models of Attention, the neurocognitive model of
Michael Posner (Petersen & Posner, 2012; Posner & Boies, 1971; Posner & Petersen,
1990), does not considers attention as a unitary control system but instead as a
multimodal system that is involved in reaching and maintaining an adequate level of
alertness, selecting and prioritizing the processing of relevant information, and
monitoring and controlling the processing of information in a top-down dynamic. In

the following section we will discuss the neurocognitive model of Michael Posner.

1.2 The neurocognitive model of Michael Posner

At the moment, one of the most well-established models concerning attention
is the neurocognitive model of Michael Posner (Petersen & Posner, 2012; Posner &
Petersen, 1990). Posner and Petersen (1990) suggested that, contrary to other
cognitive systems, the attention system is not involved in processing information
but on modulating and controlling the actions of systems that do so. In this sense,
attention is conceived as a domain-general system involved in a wide range of
actions. Additionally, attention is linked to a set of neuroanatomical networks. It is
neither the property of a single centre nor a general function of the brain. Thus,
Posner and Petersen described attention as a modular system related to three
different brain networks involved in alerting, orienting, and executive control

(Petersen & Posner, 2012; Posner & Petersen, 1990; Posner et al., 2007) (figure 1.1).
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Figure 1.1. Main brain structures associated with each attention network. From Posner, Rueda & Kasnke
(2007).

The alerting network is involved in coordinating changes in arousal state by
either maintaining a vigilant state (tonic alertness) and/or preparing the organism
to respond following a sudden and often unexpected change of stimulation (phasic
alertness) (Petersen & Posner, 2012; Posner et. al., 2007). Tonic alertness refers to
changes on the state of vigilance that occurs throughout a period of time. Some of
the methods that have been used to assess tonic alertness include studying vigilance
changes over the course of the day (circadian rhythms) or along extended periods of
task performance. On the other hand, phasic alertness relates to the changes in the
state of activation that are produced by the presentation of an external stimulus.
The method to study phasic alertness often involves the presentation of a warning
signal prior to a target stimulus, which  increases the level of activation of the

18



Theoretical and empirical background

organism. In these studies, a trade-off between RT and accuracy is usually found.
While the warning signal produces faster responses, the RT reduction is frequently
accompanied by poorer response accuracy (Callejas, Lupiafiez, & Tudela, 2004;
Posner et. al,, 2007). The alerting network is supported by a set of brain networks
that include areas in the right frontal and parietal cortex, and also subcortical
regions such as the locus coeruleous (Aston-Jones & Cohen, 2005; Aston-Jones,
Rajkowski, & Cohen, 1999; Petersen & Posner, 2012; Posner et al., 2007b). Recent
works link the activity of the alerting system with the neurotransmitter
norepinephrine, demonstrating robust wake-promoting actions of the locus
coeruleous-noradrenergic system (Aston-Jones & Cohen, 2005; Berridge &

Waterhouse, 2003; Berridge, 2008).

The orienting network is related to the ability to prioritize sensory input by
controlling perceptual processing, orienting the receptors and selecting relevant
information for further processing. The orienting of attention can be generated
endogenously (voluntary or top-down attention) or influenced by exogenous cues
(stimulus-driven or bottom-up attention). Although there is an anatomically defined
orienting network, differences have been found in the brain network dynamic
related to the way attention is oriented (top-down vs. bottom-up). Corbetta and
Schulman (2002) have suggested that two distinct networks interact in order to
orient attention to external stimulation. On the one hand, a dorsal fronto-parietal
network, that includes regions of the dorsal parietal cortex (intraparietal sulcus and
superior parietal lobule) and dorsal frontal cortex (precentral sulcus, near the
frontal eye fields). This network is involved maintaining endogenous attention

based on current goals and expectations and sends top-down signals that bias the
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processing of relevant stimulus features and locations in sensory cortex (Corbetta,
Patel, & Shulman, 2008; Corbetta & Shulman, 2002). On the other hand, a ventral
fronto-parietal network is activated when behaviourally relevant stimuli are
detected. The regions that are related to the ventral network are the temporo-
parietal junction (TPJ), the supramarginal gyrus (SMG), parts of the middle frontal
gyrus (MFG), inferior frontal gyrus (IFG), frontal operculum and anterior insula
(Corbetta et al,, 2008; Corbetta & Shulman, 2002; He et al., 2007). When engaged in
a task, the dorsal network its activated so we can apply a rapid strategic control
over attention. However, when a salient object suddenly appears, output from the
ventral network works as a “circuit-breaker” that interrupts the on-going selection
processing of the dorsal network, which allows the reorienting of attention to the
novel stimuli. There is evidence that the orienting of attention is mostly modulated
by acetylcholine, and that the cholinergic system of the basal forebrain plays a

critical role in the orienting of attention (Petersen & Posner, 2012).

The executive attention network is related to the control of cognition and
behaviour. This network exerts its top-down control through processes related to
target detection, conflict resolution, error detection and inhibitory control
(Botvinick, Braver, Barch, Carter, & Cohen, 2001; Botvinick, Cohen, & Carter, 2004;
Petersen & Posner, 2012; Posner & Petersen, 1990; Rueda, Rothbart, McCandliss,
Saccomanno, & Posner, 2005; Simonds, Kieras, Rueda, & Rothbart, 2007). Through
this set of processes, executive attention allows individuals to adjust their behaviour
and cognition in order to fit with the various conditions and circumstances that are
faced moment to moment. It has been suggested that this network relies on the

dopaminergic system, that projects from ventral tegmental areas, and is supported
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by a neural network that includes the anterior cingulate cortex, lateral and ventral
prefrontal regions, as well as the basal ganglia (Dosenbach, Fair, Cohen, Schlaggar, &
Petersen, 2008; Posner et al, 2007b; Yeung, Botvinick, & Cohen, 2004). The
executive network has been closely related to self-regulation of emotion and
behaviour (Kanske & Kotz, 2011; Rothbart & Rueda, 2005; Simonds et al., 2007),
school achievement (Rueda, Checa, & Rothbart, 2010) and deficits in its efficiency
have been associated with different neuropsychological conditions like ADHD
(Groom et al,, 2010; Wiersema, van der Meere, & Roeyers, 2005), anxiety (Pacheco-

Unguetti, Acosta, Callejas, & Lupiafiez, 2010) and schizophrenia (Luck et al., 2009).

Due to the strong relation between executive attention and socio-emotional
well being, the work presented on this thesis focuses on how to foster the efficiency
of the control mechanisms, with a special focus on the mechanisms related to the
executive attention networks. Therefore, in the following section, a detailed account

of the mechanisms and neural bases of the executive attention network is presented.

1.3 Executive attention network

As explained above, the executive attention network is described as a
cognitive control system that support goal-driven behaviour by implementing
monitoring, conflict resolution and inhibitory control processes (Rueda, Posner, &
Rothbart, 2005). Conflict monitoring and resolution has been studied extensively in
cognitive psychology using tasks where the experimental conditions differ in the
amount of conflict between task relevant and task irrelevant dimensions of the
stimulation. In the congruent condition different dimensions of the stimuli elicit the

same response tendency, whereas when these dimensions are incongruent they
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induce a conflict between response tendencies. In the former condition a response is
produced faster and more accurately due to the lack of conflict, while in the later the
participant is prone to execute a dominant response that has to be suppressed
yielding to slower and less accurate responses. The most common paradigms used
for this are the so-called Stroop task and the flanker task (Davies, Segalowitz,
Dywan, & Pailing, 2001; Falkenstein, Hoormann, Christ, & Hohnsbein, 2000; Green &
Malhi, 2006; Kanske, 2008; Posner, et. al, 2007; Rueda, et. al., 2005; Ullsperger & von

Cramon, 2004).

One of the classical tasks used for assess conflict resolution is the Stroop
color-naming task (Stroop, 1935). In this task, participants are required to name the
colour in which words are displayed and ignore the meaning of the word. In the
congruent condition both dimensions of the word coincide (e.g. “RED”), whereas in
the incongruent condition the dimensions are different (e.g. “RED”) thus eliciting
conflict between the dominant tendency (i.e. reading the word) and the non-
dominant but correct response (i.e. naming the color). In order to resolve this
conflict, participants need to suppress the habitual tendency of reading the word to
produce the appropriate answer. The result is a consistent slower response time
(RT’s) on incongruent conditions compared to congruent conditions, a measure

known as the congruency effect.

The flanker task (Eriksen & Eriksen, 1974) is another classical task used to
asses conflict resolution. In this task, participants are presented with a stimuli
composed by a string of 5 letters, and they are asked to identify the letter at the
centre of the row. These stimuli can be congruent; when the 4 flanker letters are the
same (e.g. HHHHH, SSSSS), or incongruent, when the center stimulus and the
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flanking stimuli are different (e.g. HHSHH, SSHSS). A modified version of the flanker
task uses arrows pointing at either direction (right or left). In this case, the task is to
indicate the direction in which the central arrow its pointing. A conflict is elicited
when the flanker arrows point to a different location than the target (e. g. congruent:
—2>—2>-2>->->; incongruent: 2> <-—>->). In order to resolve the conflict, participants
need to be able to focus attention on the target stimulus and to suppress the
influence of the flanker stimuli. Similar to the stroop task, the congruency effect its
characterized by slower RT’s and higher percentage of errors in the incongruent

compared with the congruent condition.

Inhibitory control can be assessed by tasks where a predominant response
its developed by asking the participant to responds as quick as possible to the target
trials (Go) and to withhold the response to either another stimuli or to a stop-signal.
One of the most used paradigms to study inhibitory control, it’s the Go/NoGo task. In
this task, participants have to respond (e.g. press a key) as fast as they can when a
Go stimulus is presented and withhold the response to No-Go stimuli. Presenting a
higher proportion of Go trials than No-Go trials creates a tendency to respond,
which has to be inhibited when No-Go stimuli are presented. To assess inhibitory
control, this task provides indexes based on the number of false alarms (i.e.
response to the No-Go trials), such as the sensitivity index or d’, as well as other

indexes related to self-regulation, such as the post-error slowing.

Although the three attention networks are related to processes that may
seem to act independently from each other and that relies in relatevely different

brain structures (Aston-Jones & Cohen, 2005; Botvinick et al.,, 2004; Corbetta et al,,
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2008; Petersen & Posner, 2012), several studies have gather data that demonstrate

the interactive functional dynamic between networks.

1.4 The Attention Network Task (ANT)

Early in the 2000s, Fan et al. (2002) developed an experimental paradigm
known as the Attention Network Task (ANT) with the purpose of measuring the
efficiency of each attention function. This task combines a set of paradigms
traditionally used to study alerting (warning signals), orienting (orienting cues) and
executive control (flanker task), using RT and response accuracy to calculate scores
for each of the attention networks as index of network efficiency. In the original
version of this task (Fig. 1.2) the target appeared either above or below a fixation
cross. Each target was preceded by one of four cue conditions: no cue, central cue,
double cue or spatial cue. The alerting score is calculated by subtracting responses
to trials that present a warning cue (double cue) from trials without warning cue,
providing a measure of the benefit in performance of having been prepared from a
warning cue. The orienting score is computed by subtracting trials with spatial cue
from trials with central cue and provides information about the benefit obtained
from the information of the location of the upcoming target. The executive attention
network score offers information about the interference effect of the flankers and is
obtained by subtracting responses to congruent flankers from incongruent flankers
trials. Results of this study showed that even if the three attentions can be reliably
measured as independent processes, an interaction between the alerting condition
and the flanker congruency was detected, evidenced by an increase in the flanker

congruency effect after a warning cue with no spatial information was presented
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(Fan, McCandliss, Sommer, Raz, & Posner, 2002). This interaction was interpreted as

an artifact effect due to specific features of the task.

A Three target conditions

Q_. Target

e e =

C Four cue conditions

no cue center cue double cue spatial cue

Figure 1.2. Schematic representation of the original version of the ANT. From Posner (2005).

In order to test this assumption Callejas, Lupiafiez and Tudela (2004)
conducted a study in which they modified the original ANT by including an auditory
alerting cue different from the visual orienting cues, allowing the measure of the
interaction between alerting and orienting. They also included an invalid orienting
cue (uncued trials), which allows the assessment of the process of disengagement

and reorienting of attention. Results of this study evidence the presence of
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interactions between the three attention networks. The authors described an
interaction between the alerting and executive attention network, which consisted
on larger congruency effects (larger RT difference between incongruent and
congruent trials) in the presence of an alerting warning cue. Authors suggested that
this interaction indicates an inhibitory influence of alerting on the executive
attention network, which produce fast responses to infrequent sensory stimuli in
order to prevent the system to focus on furthering processing of the stimuli (Callejas
et al., 2004). Results also show the presence of an interaction between the orienting
and the executive attention network, which consisted in larger congruency effects in
cued trials compared to uncued trials. This effect was interpreted as faster RT to
congruent stimuli in cued trials due to the fact that the orienting cue appeared on
the exact same position of the target arrow facilitating the focus of attention to the
target stimuli. However, in uncued trials the disengament and reorienting of
attention to the target location would facilitate the processing of flankers due to a
broadening of the focus of attention. The third interaction described was between
alerting and orienting which consisted on a larger orienting effect in trials with a
warning cue, which the authors explained as an acceleration of the orienting of

attention induced by phasic alerting (see fig. 1.3).

Following the initial study of Callejas, Lupiafiez and Tudela, several studies
have shown that despite the relative independent neuroanatomy and distinct
neuromodulator mechanisms, the attention networks present an interactive
dynamic which modulates the information processing mechanisms that promote a

coherent goal driven behaviour (Abundis-Gutiérrez et al.,, 2014; Callejas, Lupiafiez,
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Funes, & Tudela, 2005; Posner & Fan, 2008; Rueda, Fan, et al., 2004; Waszak, Li &

Hiommel, 2010).

In the next section we will outline the neural basis and electrophysiological

correlates of the executive attention network.
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Figure 1.3. Interaction between attention networks. A) Congruency (incongruent — congruent trials) as a
function of cueing (cue trials vs uncued trials) and alerting (trials with an alerting tone vs. trials without
alerting tone). B) Cuing (mean RT for uncued trials — mean RT for cued trials) as a function of alerting
(tone vs no tone trials). From Callejas et al. (2004).

1.5 Neural basis and Electrophysiological Correlates of
Executive Attention

Advances in neuroimaging techniques and methodology have provided
information that inform of the functional anatomy and neural dynamics of cognition
in general, including cognitive control processes. Using the tasks described in the
previous section, studies have been able to outline the neural dynamics and to
localize different anatomical structures and brain networks that are related to the
processes of conflict monitoring (Botvinick et al, 2001, 2004; Fan, Flombaum,

McCandliss, Thomas, & Posner, 2003), inhibitory control (Aron & Poldrack, 2005;
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Aron, 2011a; Chikazoe, 2010; Munakata et al., 2011; Sarrazin, Cleeremans, &
Haggard, 2008) and performance monitoring (Hajcak, Moser, Yeung, & Simons,
2005; Steinhauser & Yeung, 2010; Ullsperger & Cramon, 2001; Ullsperger, Fischer,

Nigbur, & Endrass, 2014; Yeung et al., 2004).

1.5.1 Neural Basis

Several neuroimaging studies using functional magnetic resonance imaging
(fMRI) have pointed out to a set of frontal areas that are related to the top-down
control of conflict processing (Botvinick et al., 2001, 2004; Carter & van Veen, 2007;
Dosenbach et al,, 2006; D. a Fair et al.,, 2007; Wendelken, Nakhabenko, Donohue,
Carter, & Bunge, 2008). Botvinick et. al. (2001) presented a model that describes a
brain network related to conflict monitoring and resolution. The authors suggested
that the anterior cingulate cortex (ACC) was related to conflict detection and
monitoring, while lateral frontal areas are involved in solving the conflict (Botvinick
et al., 2001). Following this idea, Fan et. al. (2003) conducted a study using fMRI in
order to track down the neural substrates of conflict processing by comparing the
brain activation related to performance of three conflict tasks (Stroop, spatial
conflict, and flanker tasks). Results show a common activation of the dorsal anterior
cingulate (ACC) and the prefrontal (brodman area 10) cortices. By comparing
results from the three different conflict tasks, the authors suggested that the activity
of the ACC-PFC network is related to conflict monitoring, but do not execute
operations to resolve the conflict. Instead, authors reported brain activation of
different pre-frontal areas thought to resolve conflict trigger by each task (Fan et al,,

2003).
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Different authors have suggested a dual network architecture for
implementing top-down control (Dosenbach et al.,, 2008). Support for this model
comes from studies that aimed to examine control signals related to task set-
maintenance, control initiation, feedback and adjustment activity. Dosenbach et. al.
(2008) suggest that cognitive control is implemented by two functionally different,
but complementary brain networks: the fronto-parietal and the cingulo-opercular
networks. Cognitive control signals that potentially initiate and adjusts control on a
trial-to-trial basis are related to the fronto-parietal network, that consists of the
dorso-lateral pre-frontal cortex (dIPFC), inferior parietal lobule (IPL), dorsal frontal
cortex (dFC), intra-parietal sulcus (IPS), precuneous and the middle cingulate cortex
(mCC). This network seems to actively maintain task-relevant information to
implement control adjustments that can be detected in cue-delay-target paradigms.
The cingulo-opercular network provides stable set-maintenance over the entire task
epoch, and includes the anterior pre-frontal cortex (aPFC), anterior insula/frontal
operculum (al/f0), dorsal anterior cingulate cortex/medial superior frontal cortex
(dACC/msFC) and the thalamus (Dosenbach et al., 2008; D. a Fair et al., 2007). In
contrast to the fronto-parietal network, the cingulo opercular network carries set-
maintenance activity that extends across the performance of many trials within the
task. Also, the model includes a set of cerebellar regions that are involved in
processing errors by sending and/or receiving error information from one, or both,
control networks in order to optimize performance. Dosenbach et. al. (2008)
consider that this cerebellar areas are connected to the fronto-parietal regions
through the dIPFC and the IPL, and to the cingulo-opercular network through the

thalamus, which are regions that have been characterized by error related activity.
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Petersen and Posner (2012) proposed that, even if these two models of
executive control have similarities in terms of which anatomical structures are
engaged in control processes, they propose different functional dynamic of the
control system. While the cognitive control view (Botvinick et al, 2001, 2004)
favours a single unified executive system in which lateral pre-frontal cortex
provides top-down control signals guided by monitoring signals generated by
midline structures, the dual network view (Dosenbach et al., 2008) proposes an
independent functional dynamic of both systems by suggesting that the cingulo-
opercular system acts as a stable background maintenance for task performance,
and the fronto-parietal system shows activity related to start-cue signals and online
adjustments within trials. Although both models explain considerable amount of
data, studies from lesions in both humans and animals as well as studies related to
the directionality of relationships between control processes, suggest that the dual
network model presents a more suitable account of the executive control network

(Petersen & Posner, 2012).

Another process that is linked to the executive attention network is
inhibitory control. Several studies conducted with fMRI and Transcraneal Magnetic
Stimulation (TMS), as well as studies with neuropsychological patients, indicate that
a set on ventro-lateral prefrontal cortex and subcotrical structures underlie
response inhibition processes (Aron, 2011b; Chikazoe, 2010; Munakata et al., 2011).
These structures constitute a network of right lateralized brain areas that include
structures in the Inferior Frontal Cortex (IFC) specifically the posterior inferior
frontal gyrus (pIFG) and the inferior frontal junction (IFJ), structures in the dorso-

medial frontal cortex specifically pre-suplementary motor (pre-SMA) and
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subcortical regions including the subthalamic nucleus (STN). When the system
detects the stop signal it is relayed to the prefrontal cortex, where the inferior
frontal and dorso-medial frontal regions process it. Within this area, it has been
suggested that the IF] as well as the pre-SMA are the structures that implement
conscious detection and control, while the pIFG is in charge of implementing the
inhibitory control (Chikazoe et al., 2009a; Hampshire, Chamberlain, Monti, Duncan,
& Owen, 2010). Once the stop signal is processed, these frontal regions send a signal
to the STN input structure of the basal ganglia, which leads to an inhibition of the
basal ganglia output. In a recent study using diffusion-weighted imaging
tractography (DWI), Aron et. al. (2007) showed that the IFC, the pre-SMA and the
STN are directly connected through white matter tracts, which could underlie a

“hyperdirect” inhibitory pathway of the basal ganglia in response inhibition tasks.

1.5.2 Electrophysiological Correlates

In order to study the temporal dynamics of cognitive control processes many
studies have used electroencephalographic recordings (EEG).This neuroimaging
technic allows the measurement of the neural activity evoked by a stimuli, also
known as event related potential (ERP). One of the most frequently investigated
electrophysiological correlate of cognitive control is the N2 component (Abundis-
Gutiérrez et al., 2014; Mansfield, van der Molen, Falkenstein, & van Boxtel, 2013;
Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003; Rueda, Posner,
Rothbart, & Davis-Stober, 2004; Veen & Carter, 2001). This component is
characterized by a negative deflection that peaks around 200 to 450 ms following
stimulus onset and has a fronto-central distribution (N2, often also called N450;

Checa, Castellanos, Abundis-Gutiérrez, & Rosario Rueda, 2014; Hanslmayr et al,
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2008; Szlics & Soltész, 2012). It has been suggested that this negativity reflects
processes related to the selection of appropriate responses, inhibition of
inappropriate responses and conflict monitoring processes (Falkenstein,
Koshlykova, Kiroj, Hoormann, & Hohnsbein, 1995; Huster, Enriquez-Geppert,
Lavallee, Falkenstein, & Herrmann, 2013; Kanske & Kotz, 2010; Mansfield et al.,
2013; van Noordt & Segalowitz, 2012). It is also proposed that the N2/N450
component reflects cognitive control because when interference of a incongruent
trial is resolved, the N2/N450 component is often enhanced relative to congruent
trials (for a review, see Folstein & Van Petten, 2008). Source localization studies
have found evidence that suggest that a possible generator of the N2/N450

component is the ACC (Veen & Carter, 2001).

Another component that has been considered a cognitive control index is the
error-related negativity (ERN). This component is thought to reflect performance
monitoring and is characterized by a negative deflection that peaks around 50-100
ms after the commission of an error (Dehaene, Posner, & Tucker, 1994; Gehring,
Goss, Coles, Meyer, & Donchin, 1993). Yeung et. al. (2004) proposed that the
response locked ERN is a component related to the stimuli-locked N2, because both
reflects conflict monitoring in different stages of the processing of conflict. This
claim is also supported by source localization studies that suggest that a common
neural generator for the N2 and the ERN components in the ACC (Connell et al,,

2007; Nieuwenhuis et al., 2003; Yeung et al., 2004).

In relation to response control, studies have identified two main components
related with the inhibitory processes associated with the Go-NoGo task already
described. Besides the N2 component studies have detected a component known as
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the P3, that peaks around 300 ms after onset of target stimuli (Comerchero & Polich,
1999; Kiefer, Marzinzik, Weisbrod, Scherg, & Spitzer, 1998; Nieuwenhuis et al,,
2003; Roche, Garavan, Foxe, & 0’'Mara, 2005; Ruchsow et al., 2008). The morphology
and the topography of this component suggest that it can be related to two different
processes that have been related to the P3a and P3b component (Comerchero &
Polich, 1999; Polich & Criado, 2006; Polich, 2007). The first component, the P3a, has
a more fronto-central topography and it has been associated with the allocation of
attentional resources that contribute to a rapid neural inhibition of on-going activity
to facilitate transmission of task related information from frontal to temporo-
parietal locations (Polich, 2007). The second component, the P3b, has been
associated with the accumulation of evidence emerging from perceptual
discrimination of an stimuli that inform decision-making processes in order to
produce the most appropriate outcome (Polich, 2007; Roche et al., 2005; Ullsperger
et al, 2014). The P3a and P3b components have been associated with generators
located in the fronto-parietal network, the set of structures that have been
associated with the inhibitory control network and with the more general domain of
top-down cognitive control (Aron, Robbins, & Poldrack, 2004; Dosenbach et al,,
2008; Falkenstein, Hoormann, & Hohnsbein, 1999; Munakata et al., 2011; Polich,

2007).

In the present chapter, I have introduced the idea of attention as a
multimodal system which its related to the activity of three brain networks, focusing
on the executive attention network which its related to cognitive control. I have
explained some of the experimental approaches that are commonly used to study

attention mechanisms and I have reviewed data about the common behavioral
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effects and underlying neural systems linked to the function of attention as a
cognitive control mechanism. In the next chapter, I will discuss the developmental

trajectory of the attention processes.

1.6. Development of attention and self regulation

From the developmental perspective, the ability to control and regulate
behaviour and affective states plays an important role in children’s socialization and
personality development. There have been several studies that show a relationship
between self-regulation and the maturation of the different attention networks,
specially the executive attention network (Rothbart & Rueda, 2005; Rueda, Posner &
Rothbart, 2005). Starting in infancy, children experience a transition from an
automatic engagement of attention guided by external stimuli (exogenous control)
into a more voluntary and controlled deployment of attention (endogenous control),
which is many authors consider to be supported by the maturation of the brain
areas that underlie self-regulatory mechanisms (Lozano, Gonzalez, Antonio, &

Carnicero, 2004; Rothbart, Sheese, Rueda, & Posner, 2011; Rueda, 2014).

Several studies suggest that during the first years of life the attention
networks are less independent and work together in order to assist the regulation of
behaviour and affect (Diamond, 2006; Rueda, et al., 2005). Evidence from different
studies suggests that although each attention network is present to some degree in
infancy, they experience different developmental trajectories. While alerting and
orienting functions start to be present from the first few months of life and mature
along childhood, rudimentary forms of executive attention only emerge at the end of

the first year and appears to have a more protracted development extending
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through late childhood and adolescence up until young adulthood (Davidson, Amso,

Anderson, & Diamond, 2006a; Rueda, Fan, et al., 2004; Zelazo, Craik, & Booth, 2004).

During the first year of life infants show increased ability to achieve and
maintain a state of alertness (Colombo & Horowitz, 1987). This ability keeps
developing in order to fine tune the processes that assist the preparation from
alerting cues and the maintenance of that preparation (Morrison, 1982). The phasic
and tonic aspects of alertness may influence RT when alertness is measured by
comparing trials with and without warning cues. Previous studies about the
developmental of phasic alertness show that age is associated with increased
reduction in RT to stimuli that are preceded by alerting signals (Berger, Jones,
Rothbart, & Posner, 2000; Mezzacappa, 2004). Similar to phasic alertness, the ability
to endogenously sustain attention its strengthened with age, as shown by studies
that use the Continuous Performance Test (CPT) to measure vigilance and sustained
attention. For instance, Lin, Hsiao & Chen (1999) conducted a study using the CPT
with a sample of 6-15 year-olds, and they found a progressive improvement in
performance (measured with hits and false alarm rates) with age reaching the adult
level around age 13. The fact that the level of alertness tends to fluctuate more in
children than adults may be one of the aspects that explains age-related differences

in speed of processing and accuracy commonly found in RT tasks.

Data from studies conducted with EEG supports the late development of the
alerting network. Abundis-Gutierrez et. al. (2014) conducted a study using a child
friendly version of the ANT task while recording the EEG with a sample of 4-6, 7-9,
and 10-13 years-old children and adults. Even when there was no significant effect
of age at the behavioural level, ERP’s data revealed that, compared to older children
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and adults, children below the age of nine have poorer ability to process alerting
signals. Compared to adults, 4-6 years-old children did not show any alerting cue-
related amplitude difference in the AEP complex (associated to processing of
auditory cue) before 300 ms. Moreover, from the components that are included in
the AEP complex (P1, N1, P2), results showed that only the group of adults
presented the N1 peak following the alerting tone, as well as a decrease in latency
and amplitude of the P1 component with age (Abundis-Gutiérrez et al., 2014). All
these data show that children in early and middle childhood show a poor early
processing of warning signals indicating a still on going maturation of the alerting

network.

The ability to orient attention undergoes a fast development throughout the
first year of life, and is considered that this rapid development of the ability to
voluntarily orient attention is related to the early development of emotional
regulatory mechanisms (Rothbart et al,, 2011). After infancy, it seems that the only
aspects that continue to develop throughout childhood and adolescence are the
ability to control the precision and the voluntary movement speed of attention.
Using experimental tasks like Ponser’s paradigm, many studies have detected that
despite the increase of orienting speed to valid cues during childhood, this orienting
benefit effect shows no age related differences after 5 to 6 years of age (Enns &
Brodeur, 1989). Besides this, when orienting is study with conditions that involved
an invalid cue which required to voluntarily disengage and re-orient attention to the
target location, studies show that the time to disengage is reduced with age, but the
movement of attention toward the peripheral cue shows no change between 6-year-

old children and adults (Akhtar & Enns, 1989).
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Studies related to the visual orienting of attention have identified three
components that are modulated by the presence of visual cue: the posterior P1
related to early visual processing, the N1 related to discrimination processes, and
the P3 related to the process of disengagement and re-orienting of attention (Chica
& Lupiafiez, 2009; Mangun, 1995; Vogel & Luck, 2000). Results from the study
conducted by Abundis-Gutierrez et. al. (2014) show that the presence of a cue
produces a consistent modulation of the amplitude of the early P1 component in all
age groups. Additionally, results indicate that children below the age of seven do not
show modulation of the N1 component, suggesting that attention continues to have
an impact on subsequent stages of visual processing in older children and adults.
Regarding the re-orienting of attention, results show that the modulation of invalid
cue on the P3 component was larger for the youngest group of children suggesting
that young children need to engage the fronto-parietal structures to a greater extent
than adults, in order to disengage and re-orient attention to the target location. This
data indicates that the underlying brain mechanisms of the orienting network are

not completely efficient in children with less than 7 years of age.

Studies about the development of executive attention indicate that the
processes related to this network experience a more protracted developmental
trajectory starting to show evidence of the development of inhibitory control at the
end of the first year of life (Davidson, Amso, Anderson, & Diamond, 2006b; Diamond,
2006; Rothbart et al., 2011; Rueda, et al., 2005; Rueda, 2013; Simonds et al,, 2007).
In the A-not-B task, infants are presented with a attractive object which is
introduced into a display box with two different openings at the front edge (location

A and location B). When the object was introduced in the location A the task of the
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children is to reach for the object at that location. This procedure it's repeated
several times, which produces an automatization of the reaching process. After
several trials of reaching in the location A, the experimenter place the object in the
location B. Children 12 months and younger failed to reach the object when the
object is changed from the original location (A. Diamond, 1991). After the first year
of life, children are able to inhibit the reaching response to the previously trained
location, and successfully reach the object in the new location. After the first year of
age, executive control show a gradual development from 2 to 4 years of age
measured by conflict inducing task like the Spatial Conflict Task, which induces
conflict between the identity and the location of the object. Using this task, Gerardi-
Caulton (2000) found that between 2 and 4 years of age children progress from
almost not being able to perform the task, to a relatively good performance. The 2
year old group tend to perseverate on a single response, while 3 year olds
performed with high accuracy and also showed the effect of slowing after having

made a mistake (Gerardi-Caulton, 2000).

Studies conducted with conflict inducing tasks, like the Ericksen flanker task,
present evidence of improvement efficiency of the executive control in pre-school
years. Rueda et. al. (2004) show that the ability to resolve conflict evidence a strong
development between 6 - 7 years (decrease in conflict scores) followed by a
remarkable stability of conflict scores after 7 years. However, studies in which the
difficulty of the conflict resolution is increased by other demands such as increasing
load on working memory or including task switching rules evidence further
development of conflict resolution between late childhood and adulthood. In a study

conducted by Davidson et. al. (2006) they study the impact of increasing the
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difficulty of a spatial conflict task by manipulating memory load, inhibitory demands
and cognitive flexibility (task switching rules). Results shows that the cost due to the
need for inhibitory control was larger for children compared to adults, even under
low memory load conditions the switching cost was larger in children 13 year old

children and younger.

Data derived from studies using child friendly version of paradigms that
asses conflict monitoring (such as the flanker task), together with the recording of
the EEG, have provided information that help to elucidate the development of the
underlying brain dynamics that support executive attention processes. Results from
these studies show differences in the amplitude, latency and topography of the N2
component (Abundis-Gutiérrez et al., 2014; Jonkman, 2006; Lamm, Zelazo, & Lewis,
2006; Rueda, et al., 2004). Using a child friendly version of the ANT task Rueda et. al.
(2004) reported that 4 year old children show a large negative deflection for the
incongruent compared to the congruent conditions over mid frontal electrodes. In
children, this frontal effect appears to be larger, more delayed onset (around 500ms
after incongruent stimuli onset) and was sustained longer compared to the
traditional N2 found in adults with the same task. Later in childhood, studies have
shown that this negative deflection (N2) has a decrease in amplitude and latency
with age, which appears to be related to the increase efficiency of the system to
perform conflict monitoring (Abundis-Gutiérrez et al., 2014; Lisa M Jonkman, 2006;

Lamm et al., 2006).

Besides conflict monitoring, there has also been an interest in studying the
development of the neural dynamics related to response monitoring. As discussed
earlier, the ability to monitor our performance and to detect errors is associated to
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the executive attention system and it has been suggested that it is indexed by a
response-locked ERP named Error Related Negativity (ERN). Generally larger
amplitudes of the ERN are related to a greater efficiency of the error detection
system (Davies, Segalowitz, & Gavin, 2004; Luu, Tucker, & Makeig, 2004; Santesso,
Segalowitz, & Louis, 2010; Steinhauser & Yeung, 2010; Yeung et al., 2004). Davies,
Segalowitz and Gavin (2004) presented evidence suggesting that young children are
less likely to present an ERN than adults, and that the amplitude of the ERN

progressively increases during childhood up until mid adolescence.

Together with electrophysiological data, neuroimaging techniques have
contributed to the study of the development of attention control. Using the fMRI
technique several studies have presented evidence that indicating that cognitive
functioning is supported by different functional networks that exhibit local and
strong connections during infancy (Fair et al, 2009; Power, Fair, Schlaggar, &
Petersen, 2010). Throughout childhood short distant connections weakens while
long distant connections become strongest, suggesting that basis for a more efficient
cognitive system is the increased communication between different brain areas
(Fair et al., 2009;Fair et al,, 2007; Power et al.,, 2010). Supporting this evidence,
Casey, Tottenham, Liston & Durston (2005) reviewed evidence from multiple
neuroimaging studies indicating that throughout childhood there is a widespread
engagement of cortical areas related to higher cognitive processes, which become
more focalized as the system becomes more specialized and mature. This
maturational change suggests that increase in efficiency of cognitive control

mechanisms is supported by the specialization of different brain related areas.
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The behavioural and neuroimaging data presented earlier about the
development of executive attention supports the notion that executive control
experience a protracted development that extend throughout middle childhood,
reaching adult like levels of efficiency until late adolescence. As was outlined before,
executive attention network has been associated with the processes that underlie
the ability to regulate, control and organize our thoughts, therefore it is important to
understand the normal developmental trajectory of these processes to be able to
comprehend how different factors (e.g. temperament, genetics, education) may

influence this trajectory.

In this section we have outlined the “normative” development of the
executive control mechanisms throughout childhood. In recent years there has been
a considerable growth in studies that try to understand how environmental factors
may influence the emergence, development and strengthening of cognitive
processes. In the next chapter we will discuss some of the evidence about the
influence of training interventions in brain plasticity and the enhancement of

efficiency of the Executive Functions.

1.7 Plasticity and training interventions: influence of
environmental factors in the development of Executive functions.

Throughout developmental there are periods in which a neural system is
maximally sensitive to environmental influences, these time points are refer to as
sensitive periods of development (Mackey, Raizada, & Bunge, 2013; Rice & Barone,
2000). The beginning and end of these sensitive periods varies across functional

domains (e.g. vision, hearing, attention, language) and is closely related to the
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maturation of the underlying brain mechanisms (B ] Casey, Giedd, & Thomas, 2000;

Gogtay et al., 2004).

Although these sensitive periods of development present time-points in
which neural and cognitive systems are maximally sensitive to environmental input,
it seems that brain plasticity is not restricted to these time-windows. In fact, there is
now substantial evidence that suggest that plasticity is a property of the brain that
may be present throughout the entire life. Evidence gathered from studies related to
cognitive interventions indicate that several neural and cognitive systems are
susceptible to the influence of training (Jaeggi, Buschkuehl, Jonides, & Shah, 2011a;
Jolles & Crone, 2012; Moore, Gruber, Derose, & Malinowski, 2012; Rueda, Rothbart,
et al., 2005; Yi-Yuan Tang & Posner, 2014). Thus, the emergence and strengthening
of cognitive and neural systems can be related to the interplay between
development (or experience-expectant) and learning (or experience-dependent)
processes (Galvan, 2010; Mackey et al.,, 2013). The emergence and maturation of the
different sensory and cognitive systems represent changes that follow typical
development, which is driven by experience-expectant processes. While the
plasticity that results from learning, represents neural changes that are associated
with experiences that are specific to each individual (e.g. learning, training,
rehabilitation) and appear to be driven by experience-dependent processes (Galvan,
2010). The understanding of how the interplay between development and learning
influences the emergence, maturation and improvement of cognitive control
mechanisms may provide information to assist the design of more specialized and
efficient educational and cognitive interventions. Therefore, it is important to assess

the impact that cognitive training interventions have over executive control
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mechanisms and higher order functions, as well as the features that contribute to

their beneficial outcome.

In recent years there has been an increased interest in studying the effects of
cognitive training by means of computerized interventions designed to improve the
efficiency of the different cognitive control mechanisms (for reviews see: Jolles &
Crone, 2012; Karbach & Unger, 2014; Melby-Lervag & Hulme, 2013; Shipstead,
Redick, & Engle, 2012). In general, this research has focused on answering empirical
questions about the trained functions and the processes that supports the changes
produced by training, as well as on understanding the important factors in designing

effective training interventions.

Cognitive training can be defined as the process of improving cognitive
function by means of practice and/or intentional instruction (Jolles & Crone, 2012),
and has focus primarily on training processes related to executive attention (Rueda
et al,, 2012; Rueda, Rothbart, et al,, 2005), cognitive flexibility (Karbach & Kray,
2009; Kray, Karbach, Haenig, & Freitag, 2011) inhibitory control (Millner,
Jaroszewski, Chamarthi, & Pizzagalli, 2012) and working memory (Jaeggi,
Buschkuehl, Jonides, & Perrig, 2008; Jolles, van Buchem, Crone, & Rombouts, 2013;
Klingberg, 2010; Olesen, Westerberg, & Klingberg, 2004). The programs are
designed as computerized exercises build upon the principles of traditional
experimental paradigms used for research in cognitive psychology. The main
principle behind the training is that through repetitive practice, combined with the
gradual increase of level difficulty, there should be an improvement in the efficiency

of cognitive processes that need to engage while performing the exercises.
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In order to assess the effectiveness of training there are two main effects that
can be examined: near transfer and far transfer (M Buschkuehl & Jaeggi, 2010; Jolles
& Crone, 2012; Klingberg, 2010). Near transfer refers to the effect that training
produces in the cognitive processes that are directly engaged in the training exercise
(e.g. inhibitory control, working memory, etc.), whereas far transfer refers to the
effect that training has on processes that are not directly recruited by the exercise.
Even though it is desirable that training programs would result in generalized
effects, reflected by far transfer, there is still a lack of knowledge about which
factors promote far transfer. It has been suggested that one of the underlying factors
of far transfer may be the overlap of brain structures that are related to the
processes recruited for the effective execution of the training and evaluation tasks

(Jaeggi et al,, 2008; Kray et al., 2011; Rueda et al., 2012).

A recent study conducted by Millner et. al. (2012) shed light on the factors
that promote near transfer effects. Millner et. al. (2012) implemented a 3-session
training program with adults (mean age 27) aimed to train inhibitory control
processes with the Simon (spatial conflict) task (Holmes & Pizzagalli, 2011) and
with an emotional Go-NoGo (Chiu, Holmes, & Pizzagalli, 2008). Results were
assessed using a flanker task (Eriksen & Eriksen, 1974), emotional Face Stroop task
(Etkin, Egner, Peraza, Kandel, & Hirsch, 2006), where participants should identify
the affect of faces with fearful or happy expressions that had either “fear” or “happy”
written in front, and a two choice reaction time. EEG was recorded in order to
analyse transfer effects and the underlying brain mechanisms that may promote
them. In this study, the two tasks related to emotional conflict were included in

order to detect training-related improvements in affective regulation. Following
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training in inhibitory control, participants demonstrated improvement in
behavioural performance on the flanker task, shown as faster RTs on incongruent
trials while maintaining similar accuracy. Also, event-related potential analyses
showed a reduction in N2 amplitude for incongruent trials with training. Moreover,
participants showing the greatest pre-post decrease in the N2 amplitude displayed

the largest reduction in RT conflict effect.

Previous studies (Yeung & Cohen, 2006) have shown that smaller N2
amplitude is related to a decrease in processing of the irrelevant stimulus dimension
of the trial (i.e. better attentional control). Millner et. al. (2012) suggested that a
possible explanation for the reduction of the N2 may be related to a practice-related
enhancement of conflict resolution automaticity. Cohen et. al. (1992) argue that
automatic and controlled processes exists within a continuum and that due to
practice or training activities that previously required control become more
automatic. Therefore, the pre-post training reduction in N2 and RT suggests the
possibility that attention became more automated resulting in less conflict within

incongruent trials.

Regarding the effects of training in affective regulation, results of the Millner
et al. study show no training-related improvement in resolving emotional conflict.
Authors suggest that a possible explanation for the lack of transfer effect is due to
the fact that the task used for training (emotional Go-NoGo) relies on different
interference resolution mechanisms, which are also supported by different brain
structures (Millner et al,, 2012). A previous study with the emotional Go-NoGo task
reported activation of the rostral part of the ACC (rACC) when comparing emotional
with non-emotional stimuli, but activation of the ventrolateral frontal cortex in
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response to trials that require inhibitory control (Chiu et al., 2008). As has been
described in a previous section, inhibitory control processes elicited by the Go-NoGo
task have been related to the activation of the ventrolateral frontal cortex (Aron et
al, 2004), whereas conflict elicited by stroop-like paradigms are related to
activation of the ACC (Carter & van Veen, 2007). This suggests that the inability to
detect transfer of inhibitory control training with an emotional Go-NoGo task to
performance of the Emotional Face Stroop task may be related to the fact that both
conflict effects engage different brain structures. This data supports the hypothesis
that the overlapping of engaged brain structures, between trained and evaluated
processes, is a factor that underlies transfer. One of the main deficits of this study is
the lack of a control group, therefore it is difficult to be certain that the observed
improvements were the result of specific changes in cognitive control, or whether

they reflect an improvement of an unspecified more general mechanism.

Another study that presents evidence about near and far transfers effect was
conducted by Karbach and Kray (2009). In this study, the authors compared the
effects of a 4-session task-switching training program in a sample formed by
children (9 yrs), young adults (22 yrs) and older adults (68 yrs). They divided the
subjects into different training groups that trained task switching with different
switching loads. Near transfer effects were measured by extracting indexes for
mixing-costs and switching-costs, from the task-switching paradigm. Switching-cost
were measured as the difference in mean performance between single-task and
mixed-task blocks, and mixing-cost as the difference between no-switch and switch
trials within mixed-task block (Karbach & Kray, 2009). Far transfer effects were

assessed with a cognitive battery, which included behavioural measures of
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inhibitory control, spatial working memory, verbal working memory and fluid
intelligence. Results of this study, evinced substantial near transfer effects,
consistent on a pre-test to post-test reduction of mixing-costs and switching-costs
for the task-switching training group. Due to the training design, this result suggests
that the training of cognitive control processes, and associated transfer effect, is not
merely mediated by automatization of single-task components. Also, when analysing
the differential near-transfer effects in each age group, results revealed that the
transfer effect in the level of mixing-costs was more pronounced in children and
older adults, suggesting that the processes of task-set maintenance and selection
were improved mostly in these age groups (Karbach & Kray, 2009). On the other
hand, results related to far transfer effects showed that task-switching training
produced improvement in performance for measures of interference control, verbal
and spatial working memory tasks, and intelligence. Karbach and Kray (2009)
suggest that this far-transfer effect may be promoted by task-switching training
because training exercises require the engagement of different cognitive control
processes for a correct performance. Training exercises require constant
engagement of interference control due to the high ambiguous features of the
stimuli, and maintenance of task-set because subjects had to perform two tasks
rather than only one. These data provide evidence that supports the idea that far-

transfer effects are based on the training of overlapping cognitive control processes.

Other studies have tried the processes of brain plasticity underlying cognitive
training. Olesen, Westerberg and Klingberg (2004) conducted a study in which they
assessed the influence of training in activation patterns of brain structures related

to working memory. They used a 5-week training program, which included tasks
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related to visuo-spatial working memory, digit span and letters span. In order to
evaluate training effects in brain dynamics, participants were scanned before and
after training while performing a working memory task. Subjects were also assessed
with a battery of neuropsychological tests that included the span board task, a
visuo-spatial working memory task, fluid and non-verbal reasoning tests, and the
stroop interference task. In general, behavioural results showed improvements in
performance in the spatial stroop, memory span, fluid intelligence, and the working
memory task performed during the scan session. Moreover, neuroimaging results
showed increased activation of pre-frontal (middle frontal gyrus) and parietal
(intra-parietal, and inferior parietal) regions (Olesen et al, 2004). These results
suggest that the improved efficiency of the trained processes was due to a pre to

post training increase of activation in regions involved in the trained processes.

Jolles et. al. (2013) conducted a study in which they assessed the impact of a
15-sessions working memory training program in resting-state functional
connectivity patterns using fMRI (rsfMRI), with a sample that included children (12
yrs) and adults (22 yrs). They focussed on two different brain networks, the fronto-
parietal network related to working memory processes, which includes the middle
frontal gyrus (MFG), lateral pre-frontal cortex (PFC), dorsal anterior cingulate cortex
(dACC), supplementary motor cortex, superior parietal cortex and supramarginal
gyrus; and the default mode network including the medial pre-frontal cortex
(medial PFC), posterior cingulate cortex (PCC), precuneus, and lateral parietal
cortex (Corbetta et al.,, 2008; Jolles, Grol, Van Buchem, Rombouts, & Crone, 2010;
Mantini, Perrucci, Del Gratta, Romani, & Corbetta, 2007). Results of the study with

the adults sample revealed that functional connectivity within the fronto-parietal
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network increased after practice and was related to the increase in accuracy in task
performance shown by participants, whereas the connectivity pattern within the
default network presented a decrease in connectivity that was negatively related to
the increase in task performance. In order to explain the observed functional
connectivity changes after working memory training, Jolles et. al. (2013) suggest
three different possibilities that are not mutually exclusive. First, it has been
suggested (Fox & Raichle, 2007) that functional connectivity represents a record of
previous use, showing increased correlations between regions that have frequently
presented patterns of co-activation, which could indicate that the increased
functional connectivity in the fronto-parietal network may reflect the fact that these
regions have been co-activated repeatedly during practice. Second, it might be
possible that these connectivity changes may not only reflect co-activation in the
past (during training period) but also that it reflects the expectation about co-
activation in the future (Raichle, 2006). A third explanation could be that correlated
activity may have a direct role in the modulation and coordination of information

processing, thus reflecting changes in task preparation processes.

In contrast to the results found with adults, there was no evidence of
training-related changes in rsfMRI patters in children despite the fact that 12-year-
old children presented similar functional connectivity patterns to those of adults in
both brain networks at pre-test. Jolles et. al. (2013) suggest that this data argues
against the interactive specialization hypothesis (Johnson, 2011) which predicts
more plasticity in less specialized brains, instead, they argue that the lack of training
effects could be explained either because of a) maturational constrains related to the

immature brain structure, b) the exposure that children have in tasks that engage

49



Theoretical and empirical background

working memory processes in school, c) or because of an immature planning or
preparation processes concerning upcoming tasks (Jolles et al., 2013). Regardless of
these explanations, it is important to notice that the sample size used for this study
was 9 children, which could result in a lack of power to find practice effects at a

network level.

Rueda et. al. (2005) conducted study where they evaluated the effects of
executive attention training in pre-school children. A sample of 4- and 6- year old
children, divided in trained and control groups, participated on a 5-day attention
training program consisting of exercises designed to train stimulus discrimination,
conflict resolution and inhibitory control. Training related effects in attention
processes were assessed using the ANT task adapted for children (Rueda, et al,
2004) while recording brain electrophysiological activations with a high-density
EEG system. In order to detect far-transfer effects, measures of fluid and verbal
intelligence were also taken. Even if participants showed a general reduction in RTs
and commission of errors after training, there was no training related reduction of
conflict interference effects in either group. In contrast, training effects were
observed in measures of fluid intelligence. Besides, electrophysiological data
showed that training had a specific effect on the scalp topography of conflict-related
activations that was similar to the influence of development, which was only
observed for trained children (Rueda, et al., 2005). The trained group of 4-year-old
showed a prefrontal conflict effect (i.e. more negative amplitudes for incongruent
compared to congruent trials) at the time-window of the N2 component. This
prefrontal effect was found in the untrained group of 6-year-old. Moreover, trained

6-year-old children showed topography of conflict related activation that resembled
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the one shown by adults while performing the same task. The adult-like pattern of
activation consist of a faster N2 component with a more dorsal-frontal distribution,
which has been related to activation emerging form the dorsal portion of the ACC
(Van Veen & Carter, 2002). Taken together, these data show that attention training
produces effects that complement that of normal development in a way that may

promote a faster maturation of the underlying brain structures.

Attention training also produces far transfer effects by promoting the
improvement of fluid intelligence scores. According to the suggestion that far-
transfer effects are related to the overlapping of underlying brain structures
underlying trained and evaluated processes, several studies have shown that the
brain regions recruited while performing reasoning tasks as the ones presented in
most intelligence tests greatly overlap with structures related to cognitive control

mechanisms (Duncan & Owen, 2000; Duncan, 2000).

In order to replicate the effects found by Rueda et. al. (2005) and to assess
the durability of the training effects, Rueda et. al. (2012) conducted a second study
in which they evaluated training effects on behavioural measures and brain
activation immediately after the training, as well as in a two-month follow-up
session. This study used a similar training program as the one used by Rueda et. al.
(2005) with 5 year-old children, but using an increased number of sessions and a
larger number of training exercises. The program was designed to train processes
related to anticipation, attentional focussing, conflict resolution, inhibitory control
and sustained attention. As in the previous study, effectiveness of the training
program was assessed using the child version of the ANT task, as well as with a
measure of both fluid and verbal intelligence. As in the previous study, data revealed
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a general improvement in task performance evinced by a reduction in RTs and
percentage of commission of errors. This improvement was similar to both groups
(experimental and control), showing that behavioural indexes of the Child ANT task
may not be sensitive enough to capture training-related changes. Rueda et. al.
(2012) suggested that this lack of sensitivity may be related to a high variability of
RTs in pre-school age children, and/or, that the children may have reached a high
performance level in the task due to a mere effect of practicing the task. However, as
in the prior study, a significant increase in fluid intelligence following intervention
was obtained by the trained group, which was still observed in the two months
follow-up session. These results support data from other studies that also found that
interventions designed to train cognitive control produce an improvement in fluid
intelligence measures (Bergman et al., 2011; Jaeggi et al., 2008; Thorell, Lindqvist,
Bergman Nutley, Bohlin, & Klingberg, 2009), and that this transfer effect may be

sustained even after the training intervention is over.

Neuroimaging data show that training modulated the Ilatency and
topographical distribution of the flanker’s congruency effect. Replicating results
from Rueda et al. (2005), the effect of the flankers in the time window of the N2
component presented an early onset and a more dorsal-frontal distribution for the
trained group compared to untrained peers. Moreover, this training related change

was maintained two months later (Rueda et al.,, 2012).

In conclusion, training studies have shown the potential benefit of
implementing exercises to potentiate the efficiency and maturation of cognitive
control processes with different populations. Even though these results look
promising, there is still a lack of connection between these training strategies and
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educational approaches, which may provide models and tactics that would help to
improve the impact of training interventions. One such model is the model of
Metacognition (Efklides, 2008; T. Nelson & Narens, 1990), which will be outlined in

the next chapter.

1.8 Metacognition: another way to conceptualize cognitive
control and self-regulation.

Metacognition (cognition about cognition) has been defined as any
knowledge, affective experience and/or cognitive activity that takes as its object any
aspect of the cognitive activity in order to supervise, evaluate, monitor and control
one’s own cognitive processes, perceptions, thoughts, memories, and actions
(Efklides, 2008; Flavell, 1979, 2000; Shimamura, 2008). The concept of
Metacognition emerged from the research tradition of learning and education
(Larson & Gerber, 1987; Monitoring, 1997; T. Nelson & Narens, 1990; Winne, 1996),
and has evolved parallel to the concept of cognitive control and self-regulation until
the past decade, in which a broader consensus started to emerge relating
metacognition to the monitoring and control of cognition, while self-regulation was
linked to a broader aspect of monitoring and control of all different aspects of
human experience (e.g. emotional, social and motivational) (Whitebread, Almeqdad,

Bryce, & Demetriou, 2010).

One of the first models of metacognition, the model of Nelson and Narens
(1990), was developed specifically to address the cognitive processes that are
important for learning and memory. In this model, it is proposed that metacognition

makes learning more efficient by influencing behaviour in many stages of the
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memory process, from stimulus encoding to the ultimate retrieval of information

(Shimamura, 2008).

The model of Nelson & Narens (1990) describes metacognition as the
interplay between two levels of information processing, the object-level and the
meta-level. The meta-level is continuously updated by bottom-up information
obtained from monitoring the object-level, and in return controls the object-level by
providing top-down input to initiate and terminate actions preformed by the object-
level. From this model, research on metacognitive processes has identified three
main different components that arise from, and act upon, the interaction between
the meta-level and the object-level: a) Metacognitive Experiences (ME), b)
Metacognitive Control or Regulation (MC), and c) Metacognitive Knowledge (MK)
(Efklides, 2008; Fernandez-Duque, Baird, & Posner, 2000; Flavell, 1979; A. P.
Shimamura, 2008). The conceptualization of metacognition as a multifaceted
mechanism allows the integration of cognitive and affective experiences into a
unified construct of cognitive control. Specifically, metacognitive experiences and
metacognitive knowledge are related to the monitoring aspect of metacognition,
while metacognitive regulation serves as a control function that involves initiation

and/or termination of cognitive processes (Efklides, 2008).

Metacognitive Experiences (ME) are online feelings, judgement, estimates,
and thoughts people are aware of during task and includes awareness of task
features, fluency of cognitive processing, progress toward the goal set, the effort
exerted on cognitive processing, and the outcome of processing (Efklides, Volet,
Sansone, & Pekrun, 2005; Efklides, 2006, 2008). Efklides (2006) suggests that the
importance of these online subjective responses to the task lies in the fact that they
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form the interface between the person and the task and provide the basis for control
decisions during task processing, as well as after it. These ME are products of non-
analytical, non-conscious metacognitive monitoring processes and are related to
self-regulated learning. Feeling of Knowing (FOK), Feeling of Confidence (FOC), and
Judgement of Learning (JOL) are examples of ME (Efklides, 2006; Meiser & Sattler,

2007; Shimamura, 2008).

Metacognitive Control (MC) refers to processes that coordinate cognition by
imposing top-down regulation of information processing (Fernandez-Duque et al,,
2000; Shimamura, 2000), and includes the deliberate use of strategies (i.e.
procedural knowledge) in order to control cognition (Efklides, 2008). Also known as
Metacognitive Regulation, this facet of metacognition has been linked to aspects of
executive functions particularly because both enable top-down modulation of
cognitive processes necessary to produce voluntary action. Metacognitive Control
(MC) and Executive Functions (EF) are linked to cognitive processes such as
selective attention, working memory, conflict resolution, task switching, inhibitory
control and cognitive monitoring (Fernandez-Duque et al., 2000; Shimamura, 2000).
It has been suggested that MC processes are also associated with different brain
structures such as the anterior PFC, dorso and ventro lateral PFC, dorso and ventro
medial PFC, orbito frontal cortex and the frontal eye field, that have also been
identified as structures that underlie processes related to executive functions
(Botvinick, Cohen, & Carter, 2004; Fernandez-Duque, Baird, & Posner, 2000a;

Posner & Rothbart, 1998; Shimamura, 2008).

In order to characterize the relation between MC and EF, Shimamura (2000)
identified four aspects of executive control that couple with aspects of
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metacognition: a) selecting, the ability to focus attention to stimulus events or
activate memory representations; b) maintaining, which relates to the ability to
keep active information in working memory; c) updating, that refers to the ability to
modulate and rearrange activity in working memory; and d) rerouting, which refers
to the ability to switch from one cognitive process or response set to another. By
establishing these connections it is possible to integrate both constructs, providing
the basis that allows sharing of empirical evidence between research traditions in
order to bring forth a more comprehensive account of behavioural and cognitive

control mechanisms.

Metacognitive Knowledge (MK) consists primarily of knowledge or beliefs
about what factors and variables interact to affect the course and outcome of
cognitive processes (Flavell, 1979). In other words, MK refers to what individuals
know about their own cognition or about cognition in general (Schraw & Moshman,
1995). Schraw and Moshnam (1995) divide metacognitive knowledge into three
kinds of metacognitive awareness: Declarative, Procedural and Conditional
knowledge. Declarative knowledge includes knowledge about oneself as a learner
and about the factors influencing one’s performance. Procedural knowledge refers
to knowledge about the execution of procedural skills. And finally, conditional
knowledge, concerns to when and why to apply various cognitive actions (Schraw &
Moshman, 1995). Metacognitive Knowledge is thus considered an important aspect
of cognitive control because it allows the creation of a model of one’s own cognition
that supports the awareness of our cognitive abilities (i.e. declarative knowledge),

enables the organization of proceedings to be executed (i.e. procedural knowledge)
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and for the correct implementation of this proceedings (i.e. conditional knowledge)

in order to accomplish task goals.

Metacognitive knowledge its continuously updated and enriched by the
information coming from the conscious monitoring of cognition. This is
accomplished by observing the results of one’s own and other people’s actions,
becoming aware of our metacognitive experiences, as well as by interacting and
communicating with others (Efklides, 2008). Thus, Efklides (2008) suggests that
language plays an important role in the development and improvement of MK
because through language a person is able to communicate the content of their
awareness, reflect, draw inferences, and make attributions about the relations
between inner states and observable behaviour and action outcomes. Also, language
and reflection enable people to analyse and compare their knowledge with that of
others, allowing them to form explicit theories about knowledge and cognition. The
central aspect of language in the development of MK suggests that certain models of
cognition are socially shared and emerge through social interaction, making MK

susceptible to education and training.

If MK is a key component of cognitive control and regulation, then it would be
important for any program that aims to enhance regulation abilities (e.g. education
or training programs) to include features that foster the emergence and
strengthening of the awareness and knowledge needed to effectively engage control
processes. As has been proposed by Efklides (2008), Metacognitive Knowledge can
be transmitted through social interaction by means of language, which suggests that
MK can be trained. In the next chapter we will present some ideas from the
historico-cultural theory of development of Vygotsky (Vygotsky, 1978a). This theory

57



Theoretical and empirical background

established important links between the development of executive control
mechanisms, social interaction and language, which we considered important
elements that could foster the emergence of metacognitive knowledge in the context

of a training intervention.

1.9 Social interaction and development of self-regulation: The
Vygotskian approach

In the cultural-historical model developed by Lev Vygotsky, the construct
“Higher Mental Functions” and the idea of psychological systems are used to refer to
processes related to EF and self-regulation, due to the fact that both enable the
control and regulation of behaviour and cognition (Bodrova, Leong, & Akhutina,
2011; Fernyhough, 2009). For vygotskians, higher mental functions and executive
functions are self-regulated, mediated and learned mental functions that emerge,
not simply by the natural maturation of the brain and cognitive processes, but also
based on the process of his interaction with the environment and communication
with adults (Bodrova et al, 2011; Luria, 2002). Through this communication
children acquire a set of tools, mostly of linguistic nature, that allows them to gain
control and support self-regulation of behaviour and cognition. Therefore, Vygotsky
suggested that a milestone in the development of higher mental processes happens
when children acquire language as a tool for representing the world (Vygotsky,
1978; Vygotsky, 1978). Language has an instrumental value for cognition because it
allows the child to abstractly manipulate perceptual information and assist cognitive
processes in order to produce actions directed to accomplish particular goals. For
Vygotsky (1978), the instrumental value of language is clearly seen during

development when, for example, a child can focus his or her attention by means of
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labelling objects or can direct his/her problem-solving activities by engaging in

external speech, which later becomes internalized into private speech.

The cultural-historical approach suggests that throughout development it is
neither the functions nor their structure that change, but it is the relations and
connections between the functions which become changed and modified. This
process creates what is called a new psychological systems, which were unknown at
the preceding stage (Bodrova et al,, 2011). Psychological systems comprise mental

and physiological processes that are complex and dynamic in nature.

During childhood, higher mental functions undergo a sequence of
developmental-stages that establish regulatory processes. These progress from
socially-shared to individually-internalized functional systems. The first stage, the
inter-mental stage, is characterized by the fact that the initiation and execution of
the action is distributed between two persons. Next, the extra-mental stage, occurs
when the child issues commands to himself or herself and then executes these
commands. Finally, the intra-mental stage, is characterized by the fact that the
voluntary action is formed, and the formation of a new structural-functional system
emerges (Vygotsky, 1997). These stages are dependant on the use of language as a
tool for the transmission, explicit articulation, and final internalization of the
necessary regulatory commands. Luria (2002), a former student of Vygotsky,
explained that “when communicating with adults, reorganizing his/her behaviour
on the basis of objective activity and speech, and gaining knowledge, a child not only
acquires new forms of relationships to the external world, but also works out new
ways of regulating his/her behaviour and establishes new functional systems
enabling him/her to master new forms of perception and recall, new ways of
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thinking, and new methods for organizing voluntary actions” (pp. 19). The nature of
the relation between components of the resulting structural-functional system is
determined by the nature of social mediation existing primarily in the form of

language (Bodrova etal., 2011).

This approach on the systemic structure of higher mental and executive
functions provides practical implications that support the design of interventions
focused on foster the emergence of these self-regulatory processes. Taking into
account that EFs are developed based not only on the maturation of cognitive
processes and their underlying brain structures, but also on variables present in the
social context, it is important to understand how the social mediation provides the

necessary tools and experiences that promote their development.

1.10 The Zone of Proximal Development and Scaffolding
intervention

Vygotsky (1978) proposed that the influence that the external agents
produce on the development of children’s higher mental functions is exerted at what
is called the Zone of Proximal Development (ZPD). This was defined as “the distance
between the actual developmental level, as determined by independent problem
solving, and the level of potential development, as determined through problem
solving under the adult guidance or in collaboration with more capable peers”
(Vygostsky, 1978, pp- 86). Therefore, the ZPD describes the distance between the
level of development already reached by natural maturation of cognition and
underlying brain structures, and the potential development that could be possible

through guidance or in collaboration with more capable individuals. When a teacher
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or parent assists the child when doing a task, they establish a social interaction
through which they provide scaffolding within this zone of proximal development
that enables the child to perform at a higher level (David Wood, Bruner, & Ross,

1976).

Scaffolding is thus a tool that facilitates learning. According to Wood et. al.
(1976) scaffolding has six key functions: 1) engaging the child into the task in a
meaningful way, 2) reducing the components of the task in order to make it
manageable for the child, 3) maintaining the child in the task, 4) shedding light into
the main components of the task, 5) reducing the likely frustration of trying a task
that may be too difficult; and 6) providing a model of the solution method for the
child. Scaffolding interactions should be designed in order for each child to fall
within his/her individual ZPD. This type of interaction support the skills and
knowledge that are just about to emerge in the child, which in turn helps children to
move from being assisted by an adult in performing a new task to being able to
perform it independently (Bodrova et al, 2011; Bodrova & Leong, 2007; David
Wood et al.,, 1976). When providing scaffolding, the adult does not make the task
easier, instead he/she provides assistance in the first stages of the task, then

gradually withdrawing this support as the child masters the newly developed skills.

Even though initially the term scaffolding was used in relation to problem-
solving learning, there is now evidence that scaffolding interventions are also
applied for the development of cognitive processes. Some research has shown that
children can learn how to regulate attentional processes through interactions with
the parents (Bronfenbrenner, 1999; Robinson, Burns, & Davis, 2009; Rogoff, 1990).
The development of attention regulation abilities is fostered by socio-cognitive
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transactions by which a more capable and experienced adult helps children learn to
direct their attention to the key elements of a task, while ignoring less relevant

information within the environment (Rogoff, 1990).

A study conducted by Kopp (1987) evinced that specific types of control
techniques used by caregivers influence children’s self-regulation abilities. The
study was conducted with a sample of middle income families, and shows that
mothers who encourage independence were more likely to have children who were
rated low in impulsivity, inattention and hyperactivity, and high on self-control
measures (Kopp, 1987). In a recent study, Robinson et. al. (2009) examined the
impact of maternal scaffolding in children’s attention regulation abilities in a sample
of preschool children from low-income families. The authors of the study were
interested in assessing how children regulate their attention processes in the
presence of their mother and when they are alone, and to examine how specific
behaviours of the mother may relate to children’s abilities to regulate their own
attention during a parent-child and child-alone puzzle-matching task. Results of the
study show that higher proportions of self-regulated attention (measured by self-
regulated gazes) during the parent-child puzzle task were related to higher accuracy
in the child-alone puzzle task, only for the group of children whose mothers
provided higher amount of scaffolding. This results suggest that children who had
received more scaffolding may have better learned attention regulatory abilities,
demonstrating more competence in their independent puzzle-matching

performance (Robinson et al.,, 2009).

In summary, cognitive control and self-regulation processes are important
aspects that are related with a better social-emotional development, school
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achievement and the prevention of adverse psychopathology. Throughout
childhood, the development of these cognitive processes undergoes different
sensitive periods that are related to naturally normative factors and are also
susceptible to experience-related influences. One of the most important
environmental influences on cognitive development it’s exerted by social interaction
with the use of language, which constitutes an important tool for improving
cognitive control abilities. Several studies have shown that the efficiency of different
cognitive processes may be improved by means of cognitive training interventions,
which may provide a beneficial influence in the strengthening and development of
cognitive control mechanisms throughout childhood. Therefore, in the present
dissertation work we will try to further study the developmental trajectory of the
attention networks, as well as to study the influence of environmental factors (such

as cognitive training) in the development of executive attention.
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Research Questions and Hyphotesis

2. Questions and Hypotheses

The evidence reviewed in the introduction indicates that attention processes
are part of the cognitive control mechanisms implicated in the ability to regulate
cognition and behaviour in a flexible and controlled way. These cognitive abilities
have been proven to be important to many aspects of children’s development. For
instance, the efficiency of the executive attention network has been related to school
competence and socialization (Purificacién Checa, Rodriguez-Bailon, & Rueda, 2008;
Rueda et al, 2010), emotional regulation (Simonds et al, 2007), and to the
prevention of developmental psychopathologies, such as ADHD (A. Diamond, 2005;
Posner & Rothbart, 2000; Posner, Rueda, & Kanske, 2007a). Therefore, it is
important to have a thorough understanding of the developmental trajectory as well
as the environmental factors that influence the development of attention processes
in order to be able to precisely identify possible impairments as well as to design

more effective intervention programs.

The goal of the research presented in this dissertation is twofold. First, we
aim at having a better understanding about the developmental trajectory of
attention. We are interested in studying the development of attention networks and
its interactions throughout childhood. Second, to assess the influence of
environmental factors and social interaction in the development of executive
attention, we are interested in studying the impact of an attention-training program
in pre-school children. As part of this goal, we aimed at comparing the effects of

intervention with and without metacognitive scaffolding. In order to address these
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topics, we conducted two experimental series aimed to gather information that

would help us to answer the following experimental questions.

2.1. Development of attention:

2.1.1. Does attention networks interaction emerges throughout
childhood?

Does attention networks interaction emerge throughout childhood, or are
they a dynamic property already embedded in the attention system? In order to
address this question we examined the developmental course of attention networks

in childhood using a modified version of the child ANT task.

The ANT is an experimental paradigm that provides measures of the
efficiency of the alerting, orienting and executive attention networks within a single
task. To examine the developmental course of the three attention networks in
Posner's model, Rueda, et. al. (2004) adapted the original ANT task in order to make
it more child friendly by replacing the arrows used in the adult ANT with colourful
fish and including an animated feedback to follow the response. With this task, these
authors conducted a series of studies intended to trace the developmental course of
the attention networks, with children ages 6 to 12 years and adults. Their results
show different developmental trajectories for each attention network. For the
alerting network, a reliable stable effect was found during middle childhood, with a
significant decline of alerting scores from 10 years to adulthood. There was also a
reduction of the flanker interference effect between ages 6 and 7 years, and

remarkably little difference from 7 years until adulthood. The orienting effect did
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not change throughout childhood, suggesting a possible maturation of the orienting

network before 6 years of age.

Although the study by Rueda et al. (2004) provided information about the
developmental trajectory of the attention networks, it did not found evidence of the
interactions between attention networks. There are different possible explanations
for this result. First, it is possible that interactions among attention networks is a
dynamic characteristic that emerge late in development depending upon the
maturation of underlying brain structures. This being the case, interactions among
networks would be detected later in development or in adulthood. Another
possibility is that the characteristics of the task used by Rueda et al. (2004) are not

sensitive enough for detecting interactions between networks during childhood.

In the original study of the ANT task, Fan et al. (2002) found interactions
between alerting and executive attention and between orienting and executive
attention. In order to further explore interactions between alerting and orienting
networks, Callejas et al. (2002) conducted a study in which they modified the
original ANT task by replacing the visual alerting cue with an auditory warning cue,
allowing them to separate the alerting and orienting cue’s in order to assess
interaction among alerting and orienting network. In this way this modification
enables the study of the interaction between alerting and orienting, alerting and
executive attention; and orienting and executive attention, providing evidence on
how the efficiency of one attention network is modulated by the activation of the

others.

Another characteristic of the task used by Rueda et al. (2004) that may

tamper its sensitivity was the use of only valid orienting cues. The use of peripheral
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valid orienting cues allows measuring mostly stimulus-driven orienting processes,
which may be subject to earlier development compared to processes entailing
disengagement and reorienting of attention (Brodeur & Enns, 1997; Waszak et al,,
2010). Thus, not including invalid orienting cues may hinder the detection of more
complex processes of disengagement and reorienting of attention and possible
developmental changes in the orienting network associated to these types of

processes (Schul, Townsend, & Stiles, 2003).

Therefore, in order to address this question we conducted a series of studies
using a modified child-friendly version of the ANT task that combined the
adaptation introduced by Rueda et al. (2004) with the changes proposed by Callejas
et al. (2004) to assess additional processes of development of the attention
networks as well as the presence of interactions between them. To increase the
orienting effect we included both valid and invalid cues in order to trigger processes
of disengagement and reorienting of attention, which would allow detection and

evaluation of age-related changes in the orienting network.

In the first experimental series, we expected to replicate previous findings
describing different developmental courses for each attention network. Moreover,
by increasing the load on orienting by introducing the invalid orienting cue, we
expected to find developmental-related changes of the orienting network during
childhood. We also expected to characterize the developmental trajectory of
attention networks interactions. It has been suggested that attention networks are
less differentiated during the first two years of life and becomes more differentiated
later on (Posner, Rothbart, Sheese, & Voelker, 2014), thus we expected to find
evidence of a protracted developmental trajectory of attention network interactions,
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specially those interactions that directly influence the efficiency of the executive
attention network due to late maturation of the underlying brain structures that

supports it.

2.2. Environmental Influences

2.2.1. Is it possible to enhance executive attention efficiency at the
cognitive and neural levels by means of process-based training?

Multiple evidence indicates that the development of attention is influenced
by both constitutional (e.g. temperament and genes) and environmental (e.g. family
socio-economic status, parenting, education, etc.) factors (Posner et al., 2014). This
information evinces plasticity of this function and suggests a number of questions
related to what are the experiences that would promote the optimal development of
attention and self-regulation skills. Several studies have identified a major period of
development of executive attention that extends between the end of the first year of
life up to late childhood, and is evidenced by efficiency improvements in behavioural
measures and maturation of electrophysiological markers (Abundis-Gutiérrez et al.,
2014; Rueda, Posner, et al., 2005; Rueda, Fan, et al,, 2004; Waszak et al,, 2010). In
the same way, brain structures that supports executive attention (such as the pre-
frontal cortex, PFC) goes trough a protracted developmental which trajectory makes
it particularly sensitive to environmental influences (B | Casey, Galvan, & Hare,
2005; B ] Casey et al, 2000; Mackey et al, 2013). Based on this evidence, we
hypothesized that implementing a cognitive training program during preschool
years would enrich children’s environmental stimulation and hence strengthen the

development of executive attention processes. To address this experimental
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question, we conducted a series of studies to be able to identify what are the specific
benefits that training produces on behavioural and electrophysiological measures of
executive attention. More over, we are interested in assess possible far transfer
effects of an attention-training program into intelligence measures and how this
effects are associated to the effects produced on conflict monitoring and inhibitory

control.

Several studies report benefits of cognitive training in measures related to
cognitive control processes and higher cognitive functions, such as intelligence
(Bergman et al,, 2011; Jaeggi et al., 2008; Jaeggi, Buschkuehl, Jonides, & Shah, 2011b;
Rueda et al., 2012; Rueda, Rothbart, et al.,, 2005). Although in recent years there has
been an increase in evidence supporting the benefits of cognitive training, studies
that assess the impact on brain structures are needed in order to better understand

how changes in brain activation supports associated benefits.

A limited number of studies have evaluated the impact of cognitive training
at the level of brain function related to conflict monitoring, measured with
electrophysiological data in preschool-aged children (Rueda et al, 2012; Rueda,
Rothbart, et al., 2005). Therefore, one of the aims of this experimental series is to
further examine the behavioural and neurocognitive effects of an attention-training
program in preschool-aged children by studying the influence of training in brain
activation related to conflict monitoring and inhibitory control processes. By
conducting a randomized control trial of a computer-based intervention to train
executive attention skills, we expect to replicate results of previous studies (Rueda
et al, 2012; Rueda, Rothbart, et al, 2005) finding near-transfer effects in
behavioural measures related to conflict resolution and inhibitory control, and far-
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transfer effects on fluid intelligence following training. Moreover, using the event
related potentials technic (ERPs) and based on previous developmental studies
(Abundis-Gutiérrez et al, 2014; Rueda, Rothbart, et al, 2005), we expect a
modulation in latency (faster latencies) and amplitude (increase amplitude) of the
ERPs related to conflict monitoring (N2/N450) and inhibitory control (P3). In
previous studies Rueda et al. (2005, 2012) found that a similar attention training
program influences ERP’s related to conflict monitoring by producing similar effects
to that of development, indicated by a decrease in latency and an increase in
amplitude of the N450 at more posterior sites (Abundis-Gutiérrez et al., 2014;
Rueda, Posner, et al,, 2004). We expected to replicate these results and to study if a

similar pattern is found in ERP’s related to inhibitory control (P3).

2.2.2 Does the combination of process-based training and
metacognitive coaching boost the benefits of intervention?

The theory of metacognition indicates that cognitive control it’s related to the
interplay of two different components: Metacognitive Control (MC) and
Metacognitive Knowledge (MK). Fernandez-Duque et al. (2000) and Shimamura
(2008) suggest that MC Is related to cognitive control mechanisms because both
mechanisms triggers similar processes and engage similar brain structures. On the
other hand, MK it's considered an important aspect of cognitive control because it
allows the creation of a model of one’s own cognition in order to regulate it in an

optimal way.

Process-based cognitive training research has focused on developing
computerized exercises based on traditional cognitive research tasks known to

activate brain regions involved in particular cognitive processes. However, to our
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knowledge, none of the previous studies have included elements intended to foster

metacognitive skills.

On the other hand, educational research provides evidence of the benefits of
strategy-based training using interventions that foster MK to improve learning and
problem solving skills (Delclos & Harrington, 1991; Ghatala, Levin, Pressley, &
Lodico, 1985; Kramarski & Mevarech, 2003). Also, there are studies that examine
the benefits of curricula-based interventions designed to improve the emergence of
cognitive control processes by integrating elements of social interaction between
the student and peers, as well as between student and professors (Diamond & Lee,
2007; Lillard & Else-Quest, 2006; Riggs, Greenberg, Kusché, & Pentz, 2006). Results
of these studies are encouraging because they show improvement of several
measures of cognitive control, behavioural regulation and learning strategies after
strategy-based training programs. Jolles and Crone (2012) suggested that strategy-

based interventions improve cognitive control mechanisms by strengthening MK.

To our knowledge no prior study has been conducted that includes both
training approaches (i.e. process-based and strategy-based). Therefore, the second
aim of our study was to examine the effects of including a metacognitive scaffolding
script with the attention-training program previously designed in our lab. The
metacognitive scaffolding is intended to provide children with assistance to foster
the ability to generate the MK models of task relevant features, which would help
them to improve their performance in the training exercises and their awareness of

the learning process.

We expect that children who are exposed to training with this type of

feedback would strengthened the ability to create MK models, making trainer
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assistance less necessary and improving their performance in the different exercises
by decreasing the number of training trials and in commission errors. Also, it may be
possible that the training intervention influence attention processes in a similar way
regardless of training strategy, however the influence of the metacognitive training
may be detected in measures that are more related to higher order cognitive
processes such as reasoning. Therefore, we expected to find evidence of the
differential effects of training strategy especially related to far-transfer into
intelligence measures, due to the increase engagement of higher cognitive processes

that are recruited by the metacognitive scaffolding.
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Development of Attention Networks

3.1 Abstract

The present study investigated developmental trajectories of alerting,
orienting, and executive attention networks and their interactions over childhood.
Two cross-sectional experiments were conducted with different samples of 6- to 12-
year-old children using modified versions of the attention network task (ANT). In
Experiment 1 (N = 106), alerting and orienting cues were independently
manipulated, thus allowing examination of interactions between these two
networks, as well as between them and the executive attention network. In
Experiment 2 (N = 159) additional changes were made to the task in order to foster
exogenous orienting cues. Results from both studies consistently revealed separate
developmental trajectories for each attention network. Children under 7 years of
age exhibited stronger benefits from having an alerting auditory signal prior to the
target presentation. Developmental changes in orienting were mostly observed on
response accuracy between middle and late childhood, whereas executive attention
showed increases in efficiency between 7 years and older ages, and further
improvements in late childhood. Of importance, across both experiments, significant
interactions between alerting and orienting, as well as between each of these and
the executive attention network, were observed. Alerting cues led to speeding shifts
of attention and enhancing orienting processes. Also, both alerting and orienting
cues modulated the magnitude of the flanker interference effect. These findings
inform current theoretical models of human attention and its development,
characterizing for the first time the age-related course of attention networks

interactions that, present in adults, stem from further refinements over childhood.
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3.2 Introduction

Functions of attention include achieving and maintaining a state of alertness,
orienting toward and selecting sensory events for preferred processing, and
regulating thoughts and responses in a goal-directed effortful mode. This variety of
functions has been associated with distinct brain networks (Petersen & Posner,
2012). The Alerting network involves the locus coeruleus and areas of the frontal
and parietal cortices. The Orienting network includes subcortical structures such as
the superior culliculus, as well as the superior parietal cortex, temporo-parietal
junction, and frontal eye fields. Finally, the Executive Attention network comprises
the anterior cingulate cortex, lateral and ventral prefrontal cortex, and the basal
ganglia. Following this neurocognitive model, Fan and colleagues developed the
Attention Network Task (ANT), an experimental task that provides a measure of the
efficiency of each of these three networks (Fan, McCandliss, Sommer, Ras & Posner,
2002). In this research, we aim at adapting the ANT to study the development of
attention networks during childhood, as well as the possible interactions between

networks along this period.

Both the ability to sustain attention (tonic alertness) and the ability to
increase response readiness evoked by external cues (phasic alertness) are
functions of the Alerting network. Developmental studies have shown differences
between children and adults in both speed of preparation from alerting cues and
maintenance of that preparation (Morrison, 1982). These phasic and tonic aspects of
alertness influence reaction times (RTs) when alertness is measured by comparing
trials with and without warning cues. Just as adults, young children reduce their RTs

to stimuli that are preceded by warning cues (Berger, Jones, Rothbart & Posner
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2000). However, despite the fact that children and adults encode warning signals at
equivalent rates, children appear to be less efficient (i.e., take longer RTSs)

processing the warning aspect of the cue (Kraut, 1976; Smothergill & Kraut, 1989).

Regarding mechanisms of the Orienting network, there appears to be little
differences between children and adults in the ability to shift attention to exogenous
cues. However, age-related improvements are documented for the speed of moving
attention voluntarily (Akhtar & Enns, 1989; Brodeur & Enns, 1997), and the ability
to disengage attention from a location or object (Enns, 1990; Trick & Enns, 1998).
Studies involving shifting attention toward peripheral cues that indicate the location
of a target stimulus show no changes between six-year-old children and adults
(Rueda, McCandliss, Halparin, Gruber & Posner, 2004). In contrast, studies that
require re-orientation of attention, as when cues are presented opposite to the
location of the subsequent target, have shown that the time to disengage from the
location of the cue is reduced with age (Akhtar & Enns, 1989). When the orienting
effect is computed by comparing RTs to validly versus invalidly cued targets, a sharp
development of orienting is observed until about late childhood (Schul, Townsend &
Stiles, 2003; Waszak, Li, & Hommel, 2010). The original ANT triggers orienting by
the use of valid exogenous cues, but it does not provide information about the
processes of disengagement and re-orienting of attention because invalid orienting

cues are not presented.

Executive attention is often studied by tasks that involve conflict between
different dimensions of a target stimulus as in the Stroop task, or between the target
and distracting information, as in the Flanker task (Posner, Rueda & Kanske, 2007).
Developmental studies about executive control of attention have suggested that this
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network strongly develops during early childhood (Rueda, Posner & Rothbart, 2005;
Rueda, 2014). Specifically, children typically progress from an almost complete
inability to carry out conflict tasks to a relatively good performance on these tasks
between ages 2 and 7 years (Gerardi-Caulton, 2000; Rueda et. al,, 2004). A study
using a flanker task with arrows pointing left or right, showed that children up to
age 7-9 years experience greater interference than adults from incongruent flanking
arrows, particularly at the response selection level (Ridderinkhof & Van Der Molen,
1995). Additional data with other tasks involving executive attention indicate that
this function shows a protracted development during childhood (Kray, Eber, &
Linderberger, 2004), and depending on the demands of executive processes (e.g.,
working memory) may extend to adolescence and early adulthood (Davidson, Amso,
Cruess, & Diamond, 2006; Diamond, 2013). A recent study using a color version of
the flanker task, reported a steady development of conflict processing during
childhood and adolescence and up to adulthood, as well as a decline in the elderly

(Waszak, et al., 2010).

Most of the prior studies that have examined the development of attention
networks have been carried out with tasks that measure each network
independently. One advantage of the ANT is that it provides a measure of the three
attention networks within the same experimental procedure, thus allowing
examination of interactions between them. Rueda et al. (2004) developed a child-
friendly version of the ANT, wherein the arrows of the original ANT were replaced
with colorful fish. The Child ANT was used to conduct a series of studies with
children aged 6 to 10 years and young adults intended to trace the developmental

course of the attention networks (Rueda et al., 2004). In that study, no changes in
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the orienting effect with age were observed. However, results showed stability of
the alerting effect during middle childhood, but a significant reduction of the
alerting score between 10-year-olds and adults. Likewise, a decrease in the size of
the flanker interference effect was found between ages 6 and 7, and little or no

difference from 7 years up to adulthood.

3.2.1 Interactions between Attention Networks

Although the attention networks are associated with distinct brain circuits,
there is evidence suggesting that they are not functionally independent (Callejas,
Lupiafiez, & Tudela, 2004). Fan et al.’s (2002) study showed a significant interaction
between cue and flanker conditions, showing increased flanker interference effects
under cues conveying alertness. To further study interactions between the attention
networks, Callejas et al. (2004) developed a modified version of the ANT. In their
task, different trial events were used to manipulate alerting (auditory tone) and
orienting (valid and invalid visual cues). Their results revealed significant
interactions between alerting and orienting, as well as between each of these
networks and the executive attention network. The alerting x orienting interaction
indicated that the orienting effect was larger in conditions with alerting cues.
Evidence from subsequent studies suggests that alerting could both speed shifts of
attention (Callejas, Lupiafiez, Funes, & Tudela, 2005) and enhance selection with
cue-target intervals of up to 500 ms (Fuentes & Campoy, 2008). Additionally, both
alerting and orienting cues modulated the size of the flanker interference effect.
Alerting cues lead to larger flanker interference, an effect that has been interpreted
as indicative of an inhibitory relation between the alerting and executive attention

networks. The idea is that fast and automatic responses are prioritized over
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controlled behavior after preparation cues are presented (Posner, 1994). However,
data from a recent study with adults suggest that alerting may also broadens the
attentional focus leading to increased processing of distracting information in the
flanker task (Weinbach & Henik, 2012). On the other hand, larger interference effect
in trials with invalid orienting cues compared to valid or no-cue trials has also been
reported (Callejas et al., 2005). This indicates that correct orientation of attention
prior to the occurrence of the target may help focusing attention and filtering out
distracting stimulation, whereas the opposite occurs in trials with invalid cues,

allowing more interference from distracters.

To our knowledge, no prior study has examined interactions among the
attention networks in detail during childhood. The present study intends to fill that
lack. By assessing interactions between attention functions we might help
explaining inconsistent data about the developmental course of each function. Given
that alerting and orienting functions appear to have an earlier developmental course
to that of executive attention, we expected to observe modulation of these networks
over executive control from early childhood. Also, we expected that this modulatory
effect would have greater impact when less efficient forms of executive control are
likely to be observed, as in early compared to middle or late childhood. At early ages,
the executive system may largely benefit from conditions that facilitate filtering out
irrelevant information. With this purpose, we modified the child ANT according to
changes introduced by Callejas et al. (2004) and ran two studies with 6- to 12-year-

old children.
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3.3 Experiment 1

Method

3.3.1 Participants

Participants in Experiment 1 were recruited from local schools in an urban
area of southern Spain. Children (N=106) with ages ranging between 6 and 12 years
participated in the study. Informed consent was obtained from caregivers prior to
participation. Children with normal or corrected-to-normal vision and no history of
developmental disorders where included in the study. Descriptive statistics of the
sample are presented in the upper part of table 3.1. There was no significant
differences in total intelligence score, as measured with the Kaufman Brief

Intelligence Test (K-BIT), between age groups (F(1,97) = 1.47, p >.10).

Experiment 1 Experiment 2
é%f)up n (males) Age in months  1Q score n (males) Age in months IQ score
6 yr. 11 4) 80 (2.9) 108 (9.7) 13 (7) 80 (1.8) 113 (6.8)
7 yr. 12 (8) 90 (3.6) 108 (6.9) 22 (12) 89 (3.0) 110 (10.9)
8 yr. 28 (11) 97 (2.8) 108 (11.3) 28 (19) 101 (3.7) 106 (13.1)
9yr. 17 (9) 112 (3.3) 103 (9.2) 21 (12) 112 (2,7) 106 (10.2)
10 yr. 13 (5) 127 (3.4) 100 (10.2) 22 (13) 124 (3.4) 105 (8.9)
11 yr. 14 (9) 136 (3.2) 104 (7.8) 26 (14) 137 (3.0) 108 (8.1)
12 yr. 11 (5) 149 (5.0) 105 (15.0) 18 (9) 146 (2.1) 109 (10.8)

Table 3.1. Descriptive data of participants in Experiment 1 and 2. Mean (SD) of age in months and
composite 1Q are provided for each age group.

3.3.2 Task and stimuli

A schematic representation of the experimental task is presented in figure
3.1. Each trial started with either an alerting cue consisting on a 50 ms-long 2000

Hz tone presented in 50% of trials or a blank frame for the same duration with no
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tone. Four hundred milliseconds after the alerting cue, a visual orienting cue (i.e., an
asterisk) was presented on two thirds of the trials for 100 ms. No cue was presented
in the remaining one third of trials. The orienting cue was presented about 1° of
visual angle above fixation on half of the trials and about 1° below it on the
remaining half. Also, on half of the trials the cue was presented in the same location
as the upcoming target (i.e., valid cue), whereas in the other half it was presented in
the opposite location (i.e., invalid cue). Fifty milliseconds after the orienting cue, the
target array was presented either above (in half of the trials) or below fixation. The
target array consisted of a row of five yellow fish, which remained on the screen
until a response was made or up to 2500 ms. In half of the trials, the fish in the
middle pointed to the same direction as those on the sides (congruent trials),
whereas it pointed to the opposite direction as the flanking fish (incongruent trials)
in the remaining half. Each fish subtended 1.6° of visual angle and the contours of
adjacent fish were separated by 0.21° viewed at an approximated distance of 50 cm.
An animated feedback lasting 1 second was presented after completion of the target
frame. The feedback consisted of the middle fish blowing bubbles and moving the
tail together with the sound “woohoo!” for correct responses, or a single tone and no
animation for incorrect or omitted responses. A fixation cross displayed at the
center of the screen was presented throughout the trial, and remained on the screen
during the inter-trial interval, which had a random duration between 500 and 4200
ms. After completion of each experimental block, a between-block feedback was
presented, providing information on both accuracy and speed of response. The
presentation of the stimuli and collection of responses was controlled with E-prime

2 (Psychology Software Tools, Inc; http://www.pstnet.com/eprime.cfm).
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Figure 3.1. Schema of the experimental tasks used in the study. In Experiment 2 the location of
stimuli was signaled by squares that were present throughout the task.

3.3.3 Procedure
The experimental sessions were conducted in small groups of 6 children at

once in a quiet classroom at school. Children wore headphones while performing
the task. Each session consisted of one practice block of 24 trials and 6 experimental
blocks of 48 trials each, a total of 288 experimental trials, 24 trials of each of the 12
experimental conditions: 2 (Alerting: tone vs. no-tone), x 3 (Orienting: valid-cue,
invalid-cue, no-cue) x 2 (Executive Attention: congruent vs. incongruent). Conditions
were randomly chosen in each trial. Accuracy and speed of responses were

registered in each trial.

Participants were told that a group of five fish would appear on the screen,

either above or below the fixation cross. They were instructed to pay attention to
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the fish in the center of the array and feed it by pressing the button of the mouse
that matched the direction the fish was pointing to. An instruction block consisting
on four trials (two congruent and two incongruent) where conducted to explain the
task. Finally, participants were encouraged to maintain fixation at the central cross

throughout the task and to respond as quickly and accurately as possible.

3.3.4 Results

All participants had a percentage of errors that did not exceed 2 SD from the
mean of its particular age group and therefore none was excluded from the study.
The percentage of trials with errors of omission was low (M = 1.51, SD = 1.56) and
did not differ (F<1) among age groups, therefore accuracy analysis only take into

consideration the percentage of commission errors.

3.3.4.1 Attention networks scores

Scores for each attention network were computed using both RTs and
percentage of errors. The Alerting score was computed by subtracting median RTs
or percentage of errors in trials with tone from trials without a tone. The Orienting
score was calculated by subtracting the dependent measures on trials with the valid
cue from those with the invalid cue. Finally, the Executive Attention score was the
result of subtracting median RTs or percentage of errors in trials with congruent
flankers from trials with incongruent flankers. The left side of table 3.2 presents the

attention network scores obtained by each age group in Experiment 1.
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Experiment 1 Experiment 2

Alerting Score Orienting score Executis\;isztention Alerting score Orienting score Executis\;?):;tention

Age Group RT % Errors RT % Errors RT % Errors RT % Errors RT % Errors RT % Errors
6 yr. 30(19.7) 0.6 (3.8) 85(33.5) 9315 70(33.2) 55(9.5) 28 (31.0) 0.6(5.0) 95(29.2) 6.2(45) 51257 6.4(6.1)
7yr. 32(13.2) 1.7(4.9) 64 (27.3) 6.0(6.3) 78 (28.3) 7.7(6.5) 31(19.6) 2244) 87(273) 51354 59(323) 69(.1)
8 yr. 17 (18.3) -04(2.8) 77(239) 32(3.5) 65(28.2) 3.6 (4.6) 22(23.0) 1.7(39) 88(29.6) 3.5(43) 56215 42@3.1)
9yr. 10 (18.9) 0.2 (2.1) 72 (23.1) 434.)) 54 (22.4) 5.3 (4.6) 24 (185) 1.7(2.8) 90(30.5) 2534 49(21.1) 4332
10 yr. 14 (17.7) 0.5(1.9) 58(16.8) 3.6(8.8) 60 (23.9) 6.2 (10.9) 16 (16.0) 0.7(3.6) 81(19.2) 1.6(3.3) 39(23.4) 3.7(2.5)
11 yr. 12 (15.1) -0.02(1.5) 79(23.6) 2.1(3.0) 58(10.4) 3.9(2.7) 16 (16.8) 0.8(2.3) 87(21.5) 1.6(24) 41(2225) 202.1)
12 yr. 8(19.1) 0.06(2.1) 64(259) 2224 42 (16.0) 2.8 (2.6) 10(19.2) 0.6(1.2) 82(16.8) 19(2.2) 45(19.0) 2.0(1.6)

Table 3.2. Attention networks scores with RT (in ms) and response accuracy (percentage of errors) per age group obtained in Experiment 1 and Experiment 2. SDs between
brackets. RT, reaction times.
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Group differences on these scores were analyzed by means of one-way
analyses of variance (ANOVAs) with Age as the between-subjects factor. The
main effect of Age was significant for the Alerting score (F(6,99) = 3.52; p< .01)
and the Executive Attention score (F(6,99) = 2.61, p < .05), but did not reach
statistical significance for the Orienting score (F(6,99) = 1.94, p =.08). To further
explore age differences in the network scores, we first performed Fisher LSD
tests in order to determine where differences between groups emerged. Then,
age groups that did not differ from each other were clustered to carry out
planned comparisons. For ease of communication, only data from planned
comparisons are reported. Those analyses revealed a significant reduction in the
Alerting score between 6-7 and 8-12 years (F(1,99) = 19.21, p < .01). As for the
Executive Attention score, 6-8 differed significantly from 9-12 years (F(1,99) =
11.64; p < .001. Also, the oldest group differed significantly from 6 to 8 years
(F(1,99) =11.9; p <.001), but only marginally from 9 to 11 years (F(1,99) = 3.40;
p = .07). Regarding the Orienting network score, we ran planned contrasts to
assess differences between the youngest children and the rest of the groups.
Comparisons revealed significant differences for the contrasts 6 vs. 7 (F(1,99) =
3.95; p <.05), 6 vs. 10 (F(1,99) = 7.02; p <.01), and 6 vs. 12 (F(1,99) =3.83; p =
.05) years. Regarding analyses with errors, the main effect of Age was significant
only for the Orienting score (F(6,99) = 2,16; p< .05). Subsequent planned
comparisons revealed a significant reduction in the Orienting score between 6-7
and 8-12 years (F(1,99) = 57.08, p <.001). There was no significant effect of age

for both Alerting and Executive Attention scores (Fs < 1).
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3.3.4.2 Interactions among attention networks

Data summarizing interactions among networks in this experiment are
presented in the leftmost part of table 3.3. To examine the interaction between
Alerting and Orienting networks, orienting scores were computed separately for
each alerting condition and entered in a 2 (Alerting) x 7 (Age) Mixed-Model
ANOVA. Likewise, executive scores were computed separately for each of the
alerting (tone vs. no-tone) and orienting (valid vs. invalid) conditions to examine
Alerting x Executive and Orienting x Executive interactions and their possible
modulation by Age. Results revealed a significant modulation of orienting
conditions over executive scores with both RTs (F(1,99) = 94.61, p <.001) and
percentage of errors (F(1,99) = 94.61, p <.001), but no modulation of alerting
over neither orienting nor executive attention scores (all Fs < 1). Moreover, Age

qualified none of these effects.

Experiment 1 Experiment 2
RT % Err RT % Err
a) AL x OR s, 5. * s,
No-Tone 70 (31) 3.0 (4.9 83 (35) 2.8 (4.6)
Tone 72 (29) 3.5(.5) 91 (31) 2.5(4.2)
b) AL x EX s, s, ”s. ook
No-Tone 43 (41) 3.3(6.8) 39 (46) 4.4 (6.8)
Tone 48 (47) 4.1 (6.7) 41 (41) 2.0 (5.9)
¢) ORx EX ook *kok Hokok ek
Valid 44 (31) 1.9 (4.6) 32 (25) 2.3 (3.5)
Invalid 89 (35) 6.3 (7.2) 75 (34) 5.1(5.9)

Table 3.3. Interactions among networks. Orienting scores with both RT and percentage of errors ¢
presented in function of alerting conditions (a). Executive scores with RT and percentage of errors
particular alerting (b) and orienting (c) conditions. Data in bold indicate that the interaction is qualifi
by Age (see Figure 2). Statistics effects: n.s. non significant (p>.1); *p<.05; ***p<.001
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3.3.5 Discussion

As predicted, results of Experiment 1 revealed separate developmental
trajectories for each attention network, which was evinced by changes in the
network scores as a function of age. With RTs, the alerting score was significantly
reduced after age 7, with no further changes from age 8 to 12 years. With errors,
the Alerting score is expected to be negative, as it has been largely documented
in adults, who tend to commit more errors when a warning cue is provided
compared to when no warning cues precede the target (Posner, 1978). In the age
range here studied, the alerting score was close to zero for children 8 to 12 years,
but greater than zero for the youngest children (i.e., 6-7 years). Scores greater
than zero indicate that more errors are committed in the no-tone than the tone
condition. If young children have poorer tonic alerting levels, as RT data suggest,
having a warning cue prior to the target is likely to produce beneficial rather
than harmful effects on response accuracy because the cue can help on regaining

attention on the task.

The effect of age on the Orienting network score was clearer-cut for
errors than for RTs. Nevertheless, in both measures the youngest group showed
larger scores than older children, meaning that their responses were
comparatively slower and less accurate when having to reorient attention to the
location of the target. Many studies that have looked at exogenous orienting
effects with children and adults have used orienting cues consisting of luminance
changes of a frame that defines the area in which the target stimulus would be
located (Schul, Townsend & Stiles, 2003; Waszak et al., 2010; Ortega, Lopez,

Carrasco, Anllo-Vento & Aboitiz, 2013), as in the original orienting paradigm
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proposed by Posner (1980). The nature of the cues used in the current study
may account for the differences observed in our study and those finding
significant reductions in the RT orienting effect along childhood. This hypothesis

will be tested in the next experiment.

Regarding the Executive Attention score, differences were observed
between young children, aged 6 to 8 years, and 9 to 12 years, and a further
decrease trend for the oldest group. In the study by Rueda et al. (2004) using the
original child ANT, no further decreases in the executive score were observed
after age 7, however the inclusion of invalid orienting cues in the current study is
likely to have made the task more difficult, leading to steeper developmental
changes in this network. In fact, a significant Orienting x Executive Attention
interaction was observed in our study, indicating that the executive score was

larger under invalid orienting conditions, as will be discussed below.

Regarding interactions among networks, we only found a significant
Orienting x Executive Attention interaction with both RTs and errors. This
interaction was due to a reduction of the flanker interference effect under valid
orienting cues compared to invalid cues (see Table 3). Children of all ages
showed equivalent rates of benefit from valid cues over focalization of attention
and suppression of irrelevant stimuli. This can be related to the fact that we did
not find a clear effect of age on the RT orienting score in our study. To test
whether the nature of the cue was responsible for the lack of age differences in
the orienting effect, we ran a second experiment in which frames were used to
enclose the location of stimuli. Altering the luminance of the frames would serve
to foster exogenous orienting by cues.
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3.4 Experiment 2

3.4. Method

3.4.1. Participants

A total of 159 children ranging between 6 and 12 years of age, who met
the same inclusion criteria as in Experiment 1 and whose parents/tutors
provided informed consent, participated in Experiment 2. There was no
significant differences in total intelligence score between age groups (F(1,149) =
1.59, p > .10). Children with more than 2 standard deviations (SD) above the
mean percentage of errors of their age group (n=9) were discarded from the
analyses. Descriptive data of the final sample are presented in the rightmost part

of Table 1.

3.4.2. Task, stimuli, and procedure

In Experiment 2, the location of stimuli was marked with squares that
were presented throughout the entire task. The orienting cue consisted on
highlighting the position of the square in the middle, either above or below the
fixation point. The square could be highlighted either in the same location as the
target (valid cue), or in the opposite location (invalid cue). In the no-cue
condition the square was not highlighted (see figure 3.1). The remaining stimuli
and timing parameters were identical to the ones used in Experiment 1 as it was

the procedure followed to administer the task.
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3.4.3. Results

The overall percentage of omission errors was 2.07 (SD = 2.44), and no

differences were observed between age groups (F < 1) in this measure.

3.4.3.1. Attention networks scores

The rightmost part of Table 2 presents the scores for each attention
network and age group with both RT and errors. One-way ANOVAs with RTs
showed a statistically significant main effect of Age for the Alerting (F(6,143) =
2.64, p < .05) and Executive Attention (F(6,143) = 2.21, p <.05) scores, but not
for Orienting scores (F < 1). The developmental course of alerting was assessed
with planned comparisons, which revealed significant differences between 6-9
and 10-12 years (F(1,143) = 12.79; p <.001), given that alerting scores of the 8-9
years differed significantly from those of the 10-12 years (F(1, 143) = 5.16, p <
.05) but not from 6-7 years (F(1, 143) = 2.22, p = .14). Regarding the Executive
Attention score, a statistically significant reduction was observed between 6-9

and 10-12 years (F(1,143) =9.27,p <.01).

Regarding errors, we found a statistically significant effect of Age for the
Orienting (F(6,143) = 4.17, p <.001) and Executive Attention (F(6,143) = 5.68, p
< .001) scores. No effect of Age was obtained for the Alerting score (F<1). The
Orienting score followed a linear reduction between age 6 and 10, and no
changes from age 10 to 12 (F(1,143) = 22.83, p < .001). On the other hand, the
curve of the Executive Attention score showed two inflection points, one
between 6-7 and 8-10 years (F(1, 143) = 11.54, p < 001) and a second one

between 8-10 and 11-12 years (F(1, 143) =8.72,p <.01).
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3.4.3.2 Interactions among networks

The rightmost part of table 3.2 presents data summarizing interactions
among networks in Experiment 2. Analyses of interactions were conducted
following the same procedure as in Experiment 1. Alerting conditions modulated
the size of orienting scores as calculated with RTs (F(1,142) = 4.48, p< .05).
Likewise, orienting conditions modulated the size of executive scores as
calculated with both RTs (F(1,142) = 192.04, p < .001) and errors (F(1,142) =
27.69, p < .001). Finally, alerting conditions modulated executive scores only
when calculated with errors (F(1,142) = 18.69, p < .001). However, this last
effect was qualified by Age (F(6,142) = 5.16, p < .001). The Alerting x Age
interaction with executive scores as dependent variable is presented in Figure 2.
Post-hoc contrasts were performed using Bonferroni adjusted alpha levels.
Results revealed that the flanker interference effect was significantly larger in
the no-tone condition compared with the tone condition for 6- (F(1,142) = 19.37,
p <.001) and 7-year-old children (F(1,142) = 21.08, p <.001), whereas it did not
reach statistical significance for 8- (F(1,142) = 2.25, p = .14), 9- (F < 1), 10-
(F(1,142) = 2.10, p = .15), 11- (F < 1) and 12-year-old (F(1,142) = 1.14, p = .29)

children.
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Figure 3.2. Graph depicting executive attention scores in function of alerting conditions and age
group obtained in Experiment 2.

3.5 Comparison of Experiments 1 and 2

To test for effects due to changes introduced in Experiment 2 with respect
to Experiment 1, and to examine whether the developmental trajectories of the
attention networks were influenced by those changes, we carried out a series of
factorial ANOVAs in which Experiment (1, 2) and Age (6, 7, 8, 9, 10, 11, and 12
years) were included as between-participants factors and each of the network
scores as dependent measures. In these ANOVAs, the Experiment x Age
interaction was not statistically significant for any network score either using RT
or accuracy measures (all Fs < 1). However, we found a significant main effect of
Experiment in RT analyses for both the Orienting (F(1,242) = 21.7, p <.001) and
the Executive Attention (F(1,242) = 14.7, p<.001) scores. This result suggests
that the experimental changes introduced in Experiment 2 produced larger
Orienting effects (72 ms in Expl vs 87 ms in Exp2) and reduced Executive
Attention scores (61 ms in Expl vs 49 ms in Exp2). The effect of Age was

significant with Alerting (F(6,242) = 5.22, p < .001) and Executive Attention
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(F(6,242)=3.99, p<.001) scores, but only marginal F(6,242) = 1.99, p =.07) with
Orienting scores. Age changes in alerting were found between 6-7 years and the
older groups (F(1,242) = 26.1, p <.001). Also, a linear reduction between 8 and
12 years of age reached statistical significance (F(1,242) = 5.94, p < .05).
Regarding Executive Attention, the developmental curve showed an inflection

point between 8 and 9 years (significant 6-8 vs. 9-12 groups comparison,

F(1,242) = 20.11, p <.001).

Analyses using accuracy scores revealed marginal main effects of
Experiment with Alerting (F(1,242) = 3.61, p = .06) and Orienting scores
(F(1,242) = 3.47, p = .06). These effects were due to a trend for higher Alerting
accuracy scores in Experiment 2 (M = 1.2, SD = 0.27) compared with Experiment
1 (M =0.4,SD =0.32), as well as lower Orienting accuracy scores in Experiment 2
(M = 3.2, SD = 0.40) relative to Experiment 1 (M = 4.4, SD = 0.48). The effect of
Age was significant with Orienting (F(6,242) = 5.36, p < .001) and Executive
Attention scores (F(6,242) = 3.72, p <.01), and not with Alerting scores (F < 1).
Orienting scores were significantly larger for 6-7 years than the rest of the age
groups (F(1,242) = 28.75, p < .001). Regarding Executive Attention, differences
were observed between 6-7 and 8-10 years (F(1, 242) = 6.77, p < .01), and also

between the last group and 11-12 years (F(1, 242) = 5.97, p <.05).

Figure 3.3 presents the developmental trajectories of each attention
network by plotting scores for both RT (fig. 3.3a) and response accuracy (fig.

3.3b) as a function of age with data from Experiment 1 and 2 combined.
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Figure 3.3 Developmental course of attention networks with RT (a) and error percentage (b). Data
from Experiment 1 and 2 are combined. AL, Alerting; OR, Orienting; EX, Executive Attention.

3.5.1 Discussion

Framing the location of stimuli causes a general reduction in Executive
Attention scores by facilitating focalization of attention on the central target,
hence diminishing the processing of distracting flankers. Additionally, orienting
cues utilized in Experiment 2 appear to produce stronger attention capture than
those used in Experiment 1, leading to greater difficulties to disengage attention
from the cued location. This is indicated by the fact that RT increases in the
orienting score in Experiment 2 with respect to Experiment 1 were only
observed in the invalid cue condition (from 653 in Exp1 to 680 ms in Exp2, F(1,
242) = 13.14, p < .001, compared to a non-significant increase from 580 in Exp1
to 593 ms in Exp2 for valid-cue trials). On the other hand, variations introduced
to the task did not affect alerting scores. This was expected given that the
alerting cue used in the current experiment was identical to the one utilized in

the previous study. More interesting is the fact that changes in the experimental
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conditions did not alter the developmental course of the attention networks, as

indicated by the lack of Experiment x Age interactions.

The interactions among the networks showed a similar pattern in both
experiments (see Table 3). However, in Experiment 2 alerting conditions
modulated the size of executive scores as calculated with errors, and this
modulation changed with Age. Young children showed larger executive scores
when no alerting cues were presented, whereas from 8 years up children
showed equivalent executive scores with and without alerting tone (see Figure
2). Only 12 year-old children showed the pattern usually found in adults (i.e.,
larger interference scores under higher alerting conditions) although the
difference did not reach statistical significance. We believe this result can be
explained by young children’s poorer level of sustained attention or tonic
alertness in the absence of warning cues. This being the case, warning cues

should help rather than hinder task performance in young children.

3.6 General Discussion

The studies presented here had two main goals. First, we sought to
further understand the development of attention networks over childhood.
Second, based on the interactions among the attention networks that have been
documented in adults (Callejas et al., 2005; Weinbach & Henik, 2012), we wanted
to examine whether those interactions were present, and/or modulated by age,
during childhood. According to these goals, a number of modifications were
introduced to the original child-version of the ANT (Rueda et al., 2004). We

separated alerting and orienting events, which allowed for the independent
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manipulation of these two networks. We also introduced invalid orienting cues,
which provided a measure of orienting that was influenced by processes of
disengagement and re-orienting of attention from wrongly cued locations.
Additionally, the display of the task was changed in the second experiment, in
which the location of stimuli, both target and distracters, was marked by frames,
and orienting cues were conveyed by briefly changing the brightness of the

central frame.

3.6.1 Development of the attention networks

The developmental curve of the alerting network in RT data showed a
significant decline between the younger (i.e., 6 and 7 years) and the older groups,
and a progressive reduction from 8 to 12 years of age. Larger alerting scores
indicate that young children benefit more than older children from having a
warning auditory signal prior to the presentation of the target. This is due to
their slower responses when no auditory tone is presented, which is indicative of
young children’s greater difficulties in maintaining an optimal level of tonic
alertness in absence of warning cues. On the other hand, judging by the lack of
age effects on the alerting scores calculated with percentage of errors (see Figure
3b), it could be thought that alerting conditions do not affect overall response
accuracy across ages. However, the Alerting x Executive Attention x Age
interaction depicted in Figure 2 indicates that while alerting signals help conflict
resolution in young children, they have a harm effect on conflict resolution in the
older groups. These effects of alerting over executive attention suggest that,
compared to older children, young children show reduced sustained (tonic)

alertness, a requisite for the optimal functioning of the attention system.
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Young children showed larger orienting scores than the rest of the age
groups (see Figure 3b). This indicates that invalid cues compromise response
accuracy to a larger extent in children below age 8. Also, 6-year-old children
showed larger orienting scores in RTs than children with 8 and 12 years,
suggesting a developmental improvement in orienting and re-allocation of
attention during the age range studied here. Previous studies have reported a
lack of age effects in orienting to valid cues when comparing children beyond age
5 and adults (Enns & Brodeur, 1989; Wainwright & Bryson, 2002). In fact, a prior
developmental study using the original child ANT, in which only valid orienting
cues were used, showed no age-related changes in the orienting score between
children of 6 and 10 years of age (Rueda et al., 2004). Modifying the ANT to
include invalid orienting cues, and calculating the score by subtracting valid-cue
form invalid-cue trials, provides a measure of orientation that mainly grasp
processes related to disengagement and re-allocation of attention. In consonance
with our data, significant improvements in performance between 8 and 11 years
of age has been reported when children have to disengage attention from the
attended channel and reallocate it to the other channel in the auditory modality
(Pearson & Lane, 1991), as well as the visual modality (Waszak et al., 2010).
Mounting evidence indicates that switching attention is associated with
activation of cortical structures of the parietal and frontal lobes (e.g., Corbetta &
Shulman, 2002). Invalid exogenous cues have been shown to modulate the
amplitude of the P300, an event-related potential observed over temporo-
parietal sites that is associated with activation of the temporo-parietal junction
(TPJ; Bledowski, Prvulovic, Goebel, Zanella, & Linden, 2004), a structure within

the orienting network. Activation of the TPJ appears to reflect a relatively slow
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operation of readjustment of attention needed when the expectation of a target
at the cued location is broken. Compared to adults, children below 8 years of age
appear to have a larger modulation of the P300 in response to exogenous invalid
cues (Abundis-Gutiérrez, Checa, Castellanos, & Rueda, 2014). Thus, our results
are consistent with the extant empirical evidence and suggest that the function

of the orienting network continues developing from middle to late childhood.

Executive attention scores showed a progressive decline with age, which
was more pronounced with response accuracy (see Fig. 3). With RTs, the
developmental curve showed an inflection point between 8 and 9 years of age,
whereas with accuracy, differences were observed between 6-7 and 8-10 years,
and also between the last group and 11 to 12 years. Overall, these data
demonstrate that executive attention improves significantly between middle and
late childhood. With a simpler version of the ANT, as when only valid orienting
cues are used (Rueda et al.,, 2004), executive attention was shown to have an
earlier maturational course. Inclusion of invalid orienting cues in one third of the
trials caused increased interference from flankers, as indicated by the significant
Orienting x Executive Attention interaction obtained in both experiments (see
Table 3). This change in the task led to a more protracted development of conflict
resolution. This result is consistent with evidence from previous developmental
studies showing age-related reductions of flanker interference beyond age 7
(Fjell et al., 2012; Waszack, et al,, 2010). In these studies, different versions of the
flanker task (e.g., with arrows or geometrical shapes) were used, which could

tentatively be more challenging than the fish version utilized in the Child ANT.
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Much evidence has pointed to the dorsal part of the ACC, and more
generally the medial frontal cortex, as the main neural node of the brain network
involved in cognitive control (Bush, Luu, & Posner, 2000; Posner, Rothbart,
Sheese, & Tang, 2007; Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004).
Recently, it has been shown that the extension of the surface area of the medial
frontal cortex predicts children’s performance of incongruent trials in the flanker
task (Fjell et al.,, 2012). Other structures of the control network are relatively
distant areas of the superior and inferior parietal lobe and the precuneus, as well
as areas of the inferior frontal cortex and the anterior insula (Dosenbach, Fair,
Cohen, Schlaggar, & Petersen, 2008). Developmental studies conducted with
neuroimaging techniques suggest that the fronto-parietal network involved in
cognitive control shows increased functional connectivity over development,
particularly between 7-9 years of age and early adolescence (Fair, et al. 2007).
This is consistent with immature fronto-parietal activation shown by 8- to 12-
year-old children compared with adults while performing the ANT (Konrad et al,,
2005). Immature fronto-parietal connectivity and activation may be causing a
delay in stimulus-to-response translation processes in young children with
respect to older children and adults when incongruent information is present in
the display (Ridderinkhof, et al., 1997). This would explain why young children
exhibit greater difficulty to reduce interference, as it was observed in the present

experiments and other studies using conflict tasks (Davidson et al., 2006).

3.6.2 Interactions between the attention networks

The second goal of the present research was to examine whether the

interactions between the attention networks observed in adults are present in
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children, and whether they change with age during childhood. A larger orienting
effect under conditions of higher alertness was observed in Experiment 2 (see
Table 3). This result has been previously reported in adults and interpreted as
either and effect of speeding up orientation (Callejas et al., 2005) or enhancing
attentional selection (Fuentes & Campoy, 2008) with increased alertness. Our
results are consistent with the idea of alerting improving the function of
orienting, either by orienting faster, increasing the selection of the target, or
both. Moreover, the fact that no second-order interaction with age was observed
suggests that either the influence of alerting over orienting is an essential
characteristic of the attention system or that the influence of one network over

the other develops earlier than the age range tested in our study.

Regarding the influence of the Alerting and Orienting networks over the
efficiency of Executive Attention, two main results were obtained. First, we
observed a robust facilitatory effect of orienting over conflict processing, as
shown by the reduced flanker effect (i.e., the Executive Attention score) for both
RTs and percentage of errors after a valid orienting cue was provided (see Table
3). Data show that invalid orienting cues lead to much larger RTs and higher
error rates in trials with incongruent flankers. Exogenous orienting cues trigger
automatic shifts of attention toward the location of the cue (Posner, 1980).
Focalization of attention ahead of time helps on filtering out distracting
information when the subsequent target appears in that same location. On the
contrary, when the target appears in a different location, a potentially effortful

process of disengagement and reorienting of attention has to be voluntarily
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initiated, which leaves less resources available to suppress distracting

stimulation.

The second influence on executive attention efficiency was that of
alertness. High alerting states are known to cause poorer performance in
detection as well as conflict resolution tasks (Posner, 1978; Aston-Jones,
Rajkowski, & Cohen, 1999). This usually results in larger flanker effects following
warning cues compared to when no cue is presented. As shown in Table 3, in
none of our experiments the alerting cues modulated the size of the flanker effect
with RT. This lack of interaction indicates that warning cues do not reduce the
efficiency of conflict resolution in children. However, in experiment 2 children
showed larger interference effect in response accuracy when no warning cues
were presented compared to trials with auditory tones. More interestingly, this
interaction was modified by age (see Figure 2), indicating that while young
children (i.e., aged 6 to 8 years) showed larger interference effects in the absence
of warning cues, older children showed either equivalent interference effects in
the two alerting conditions or the adult-like pattern showed by the oldest group.
This result might be related to young children’s difficulties in sustaining
attention in absence of alerting cues. It is well documented that that the
relationship between alertness and performance is best described by an inverted
U-shaped curve, a phenomenon largely known as the Yerkes-Dodson law (Yerkes
& Dodson, 1908). Some authors have suggested that the alertness level of the
organism closely follows the tonic level of activation of the locus coeruleus (LC;
Aston-Jones & Cohen, 2005). This model assumes that task performance is best

under moderate levels of LC tonic activation but is hampered by either low levels
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as well as high levels of tonic activation. If young children have low basal levels
of tonic alertness, receiving a warning tone prior to having to respond to a target
may help them to reach the optimal (i.e.,, moderate) level of alertness associated
with best performance, which in this case is indicated by lower flanker
interference scores. In contrast, warning cues have a harmful effect on task
performance when subjects already show an adequate level of alertness in the
absence of warning signals. In this case, the alerting tone leads to worse conflict
processing due to either faster but poorly contrasted responses (Posner, 1994)
or enhanced processing of flankers (Weinbach & Henik, 2012). Thus, the
relationship between basal tonic alertness and level of performance may
underlie the observed interaction between the alerting and executive attention

networks in children.

3.7 Concluding remarks

The ANT has been widely used to study the function of the attention
networks since it was first introduced (Fan et al.,, 2002). A child version of the
task was published two years later to study the typical development of attention
(Rueda et al., 2004). This task has been extensively used to examine attention
function in developmental disorders (Houwink, Aarts, Geurts, & Steenbergen,
2011; Johnson et al, 2008; Kratz et al, 2011), and to examine the effect of
environmental (Mezzacappa, 2004), educational (Tao, Marzecova, Taft,
Asanowicz, & Wodniecka, 2011; Yang, Yang & Lust, 2011; Rueda, Checa, &
Combita, 2012), and other behavioral and neurological (Abdullaev, Posner,

Nunnally, & Dishion, 2010; Dye, Baril, & Bavelier, 2007; Quintero-Gallego,
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Gomez, Morales, & Marquez, 2011) conditions on the efficiency of attention.
Despite of the steady increase in the use of the ANT, only a few studies have been
carried out to characterize the developmental trajectories of the attention
networks in typically developing children, and no prior studies have examined

interactions between the attention networks in childhood.

Our results provide further information on the development of the three
attention functions during childhood. Alerting showed a significant
developmental improvement after age 7, mostly in speed of processing.
Executive attention showed increases in efficiency between 7 years and older
ages, and further improvements in late childhood. In turn, benefits of orienting
on response precision seem to improve considerably between early and late
childhood. Further, 6- tol2-year-old children also showed interactions between
alerting and orienting, and orienting and executive attention, which are observed
in adults. This suggests that these interactions build up from mechanisms that
are inherent to the way the attention networks are connected with each other in
the human brain. On the other hand, the effect of the state of alertness on the
accuracy of conflict processing appears to evolve according to children gains on

the capacity to endogenously sustain alertness with age.
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Chapter 4.

Attention-training series.



Training Series: Introduction

4.1 Behavioural and neurocognitive effects of attention
training

4.1.1 Introduction: brain plasticity and development

Throughout development, the emergence of new behavioural and
cognitive abilities is dependent on the capacity of the brain to be structurally and
dynamically modified by naturally-normative and experience-related factors
(Galvan, 2010; Johnson, 2001, 2011). Developmental structural changes in
children’s brain underlies the maturation of different functional domains (i.e.
vision, hearing, attention, language), and through the interaction with the
environment improved inter and intra-regional connections are developed
(Crone & Richard Ridderinkhof, 2011; Gogtay et al., 2004; Johnson, 2001; Jolles,
van Buchem, Rombouts, & Crone, 2012; Mackey, Raizada, & Bunge, 2013).
Thanks to the emergence of neuroimaging techniques and advancement in
procedures for data processing we are now able to trace the structural and
dynamic changes that occurs as part of maturation, and to understand how these
changes underlie the progressive improvement in effectiveness of cognitive

processes.

Several studies have shown that the development and maturation of
human brain structures presents a protracted development following a non-
linear trajectory (as indicated by changes in white matter and grey matter
density, myelination, synaptic pruning), where structures that supports more
basic perceptual and sensory processing mature earlier in life, while structures

that supports more complex processes (i.e. language, reasoning, information
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integration) mature until late childhood and early adolescence (Giedd et al,
1999; Gogtay et al., 2004; Johnson, 2001; Shaw et al., 2006; Thatcher, Walker, &
Giudice, 1987). Based on a model proposed by Clansey, Darlington and Finlay
(2000), Johnson (2011) suggests that this protracted development constitutes an
evolutionary advantage because the more delayed developmental time course of
any brain region, the larger the relative volume of the later developed structures
(e.g. the pre-frontal cortex). This prolonged developmental trajectory, together
with the interaction with the environment, may contribute to the fine tuning and
shaping of brain circuitry. For example, in a recent study Shaw et. al. (2006)
presented evidence that suggested that the level of intelligence is related to the
trajectory of cortical development, especially related to the prefrontal cortex.
Authors suggested that the relatively late structural and metabolic maturation,
together with the prolonged phase of prefrontal cortical gain in the most
intelligent, might be related to a more extended sensitive period for the

development of high-level cognitive cortical circuits (Shaw et al., 2006).

Johnson (2011) suggested three main frameworks that could be used to
explain data related to human postnatal functional brain development. First, the
maturational framework seeks to interpret emerging functions in terms of
degree of maturation (in relation to the adult state of functioning) of a particular
brain region. Second, the skill-learning framework proposes that the brain
regions active in children during the onset on new abilities are similar to those in
complex skill acquisition in adults. Third, the interactive specialization
framework proposes that, throughout development, activity-dependant

interactions between cortical regions refine their functions and response
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properties by narrowing the circumstances by which they are activated, and at
the same time inducing organization of patterns of inter-regional interactions.
Although there is an on-going debate regarding which of this frameworks could
best account for the structural and functional brain changes related to
development, there is a common principle between them: the specificity and
specialization of brain regions is related to experience-dependant processes
(Casey, Galvan, & Hare, 2005; Galvan, 2010; Hillman et al.,, 2012; Johnson, 2011;
Jolles, Grol, Van Buchem, Rombouts, & Crone, 2010). Therefore its important to
understand the way environmental influences (i.e. social interaction) may

influence the development of cognitive processes.

4.1.2 Social influences on the development of cognitive control

Besides the natural-normative development that in general follows the
norm of the species, brain plasticity also emerges from learning and experiences
that are specific to each individual (Galvan, 2010; Mackey et al.,, 2013). One
research tradition that has been interested in study the social genesis of higher
cognitive processes it's the cultural-historical tradition that started with the
Russian psychologist Lev S. Vygotsky. One of the fundamental principles from
this model its that children’s cognitive development is not only related to the
normative natural development, but it occurs within the context of social
interaction and communication with adults and more capable peers (Bodrova et

al,, 2011; Luria, 2002; Vygotsky, 1997).

For vygotskians, one of the key elements that foster the emergence of

more complex forms of self-regulation and reasoning abilities it’s the used of
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language as an instrumental tool for organizing one’s own behaviour (Bodrova et
al, 2011; Vygotsky, 1997). Bodrova, Leong and Akhutina (2011) suggests that
children can focus their attention by means of labelling objects or direct their
problem-solving activities by engaging in external and later internal private

speech.

Vygotskians explains that in the process of the development of higher
mental functions there is a series of stages that are needed in order to form a
new structural-functional system (Bodrova et al., 2011). First there is a stage
where the initiation and execution of an action its originated trough a social
interaction (i.e. if you want to do it better you should pay attention to....). Then
individuals are able to issue and execute self-commands (i.e. I should focus on...),
constituting in this way the second stage, the extra-mental stage. Finally in the
intra-mental stage, the voluntary action it’s internalize and execute without the
explicit command. The nature of the different components of the resulting
structural-functional system is determined by the nature of social mediation
existing primarily in the form of language (Luria, 1965, 2002). The process by
which and adult assist the children when doing a task by means of language, has

been referred to as scaffolding (David Wood et al., 1976).

A study conducted by Robinson et. al. (2009) assess the influence of
maternal scaffolding in children’s regulation of attention. In these study children
had to perform a puzzle-matching task first with the mother (parent-child task)
after which they had to do it by themselves (alone task). Results indicate that
children with poor performance in the parent-child task but that receive the
most amount of scaffolding, manage to translate this support into self-regulation
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abilities that where evident in an improved performance while doing the task
alone, while children with initial poor performance in the parent-child task and
with low scaffolding show poorer performance at the moment of doing the task
alone (Robinson et al, 2009). These results suggest that verbal scaffolding
provides the necessary input to enable the emergence of more efficient
mechanisms of attention regulation in the child. However, it’s not clear how the
internalization of a verbal command it’s transformed into an element that

promotes cognitive regulation skills.

In order to understand the way that language and cognitive processes
interact and influence each other’s, it’s important to find a framework that
enable the integration of both aspects in terms of self-regulation. We proposed

that the framework of metacognition is suitable for this purpose.

4.2.3 Metacognition and cognitive control

Metacognition refers to the awareness, monitoring and control of one’s
own cognitive processes and to the knowledge that we have regarding this
mechanisms (Efklides, 2008; Flavell, 1979, 2000; Shimamura, 2000). Within the
metacognition framework there are two main components that are considered
important for the regulation of cognition and behaviour: Metacognitive Control

(MC) and Metacognitive Knowledge (MK) (Efklides, 2008).

Metacognitive control has been related to the processes that coordinates
cognition by implementing top-down regulation of information processing
(Fernandez-duque et al., 2000b; Shimamura, 2008) and makes use of strategies

in order to control cognition (i.e. procedural knowledge) (Efklides, 2008).
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Shimamura (2000) suggested that MC it’s linked to aspects of executive functions
because both enable top-down modulation of cognitive processes in order to
produce voluntary goal oriented behaviour such as selective attention, working
memory, inhibitory control, conflict resolution, task switching and cognitive
monitoring. It has been also suggested that both cognitive control mechanisms
are associated with a set of brain structures that has been related to executive
functions, such as the anterior PFC, dorso and ventro lateral PFC, dorso and
ventro medial PFC, orbito frontal cortex and the frontal eye field (Botvinick et al.,

2004; Fernandez-duque et al., 2000b; Shimamura, 2000, 2008).

Metacognitive Knowledge (MK) it's a construct that consist in the
knowledge that the individuals has about cognition in general, and about their
own cognitive abilities (Flavell, 1979; Schraw & Moshman, 1995). In other
words, MK consists of the knowledge that an individual has about which factors
and skills can influence their performance (i.e. declarative Knowledge), which
proceedings are necessary to execute these skills (i.e. procedural knowledge),
and how and when to apply this actions in order to accomplish optimal

performance (i.e. conditional knowledge) (Schraw & Moshman, 1995).

A dynamic interaction between MC and MK its established by the
continuous updating and enriching of MK by the information coming from the
conscious monitoring of cognition, by observing the results of owns own and
other people’s actions and by interacting and communicating with others
(Efklides, 2008). In this process language plays an important role, because its
trough language that a person is able to communicate the content of their
awareness, reflect, draw inferences, and make attributions about the relations
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between inner states and observable behaviour and action outcomes. In turn, the
updating of MK helps to improve the metacognitive model of the current task in
order to implement more effective cognitive control in order to achieve optimal

performance (Schraw & Moshman, 1995).

Therefore it is important to considered how the interaction between both
MC (or cognitive control mechanisms) and MK influence children’s development
of self-regulation mechanisms and its underlying brain dynamics. Also, by
studying these interaction it is possible to gain new insights into the mechanisms
that promote the improvement in efficiency of cognitive processes, as well as
their deficiency in different neuropsychological conditions (Baym, Corbett,
Wright, & Bunge, 2008; Crone, Wendelken, Donohue, van Leijenhorst, & Bunge,
2006; Groom et al., 2010; Krain & Castellanos, 2006; Lamm et al., 2006; Rueda,
Posner, et al.,, 2004; Todd, Lewis, Meusel, & Zelazo, 2008; Wright, Matlen, Baym,
Ferrer, & Bunge, 2007).

4.1.3 Cognitive training as a tool for studying brain plasticity
and its relation with improvement of cognitive processes.

One approach that has proven to be useful to assess the influence of
experience and environment on the development and improvement of control
mechanisms is the study of cognitive training effects on behavioural and
neurocognitive measures of cognitive control processes. Jolles and Crone (2012)
proposed that theory-based cognitive training studies improve our
understanding of the specific functions that are being trained and why these
functions are sometimes compromised. Therefore, the evidence provided by

training studies could offer further insights into the developmental trajectory of
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cognitive processes, as well as the influence of environmental factors on

functional-structural changes that may underlie such effects.

In general, training approaches are classified as either process-based or
strategy-based paradigms (Jolles & Crone, 2012; Lustig, Shah, Seidler, & Reuter-
Lorenz, 2009). The process-based approach consists in training specific cognitive
processes and are based on repetition of a demanding executive function task
whereas the strategy-based approach is concerned with providing the necessary
instructions to develop metacognitive knowledge about task relevant procedures

and strategies (Jolles et al.,, 2012).

There have been a few studies that examined the effects of process-based
cognitive training in children using neuroimaging techniques (Jolles et al., 2012;
Rueda et al,, 2012; Rueda, Rothbart, et al., 2005; Stevens, Fanning, Coch, Sanders,
& Neville, 2008). An advantage of neuroimaging data is that it can be analysed
along several dimensions (e.g. amplitude, latency, location, and dynamics of
activation and connectivity) which are thought to provide greater sensitivity
compared to behavioural results (Jolles & Crone, 2012; Lustig et al., 2009).
Studies conducted with children with dyslexia have shown that experience and
practice produce beneficial effects by normalizing patterns of brain activation in
areas related to language processing (Shaywitz et al., 2004; Simos et al., 2002;
Temple et al,, 2003). In other study, Jolles et al. (2012) showed that children who
participated in a working memory training program show increased working
memory capacity (i.e. the working memory task, digit span test) as well as

increased activation in a fronto-parietal network (i.e. DLPFC, anterior insula and
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superior parietal cortex) that matched the activation observed in adults,

suggesting that children show more adult-like brain activation after training.

Convergent evidence is presented by studies using event-related
potentials (ERP) to study the effects of attention training program in preschool-
age children. The EEG/ERP technique allows measuring the activation of the
brain related to processing particular stimuli with great temporal resolution.
Rueda et al. (2012) conducted a study using ERPs to assess the impact of an
attention-training program in cognitive and brain processes related to executive
attention (i.e. conflict monitoring). Replicating previous results (Rueda,
Rothbart, et al.,, 2005), results of this study showed that training influences both
timing and topographic distribution of the ERP’s related to conflict monitoring.
They found that trained children show a decrease in latency of conflict
processing effects in ERPs and a shift in the topography of such effects from
anterior to more posterior leads (Rueda et al., 2012). Moreover, the pattern of
brain activity showed by trained children was maintained in a two-month
follow-up test. Interestingly, in this study trained children did not show near-
transfer effects to behavioural measures of performance in a child-friendly
version of the flanker task, supporting the idea that training related changes may

be easier to detect at the neural than the behavioural level.

In the past years, the process-based approach has been the most used in
training studies. The reasons for this may be because these approach enables the
experimenter to control several variables that would provide more specificity
and accurate mapping of the cognitive changes and the underlying structural and
dynamic brain modification the cognitive processes that are targeted by the
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training. However, there are studies that have assessed the impact of strategy-
based cognitive training programs in children by using well-structured school

curricula specifically designed to improve cognitive control mechanisms.

Diamond et al. (2007) conducted a study to examine the impact of one
curricula-based program designed to improve cognitive control processes (i.e.
executive functions). The program they used, named “Tools of the Mind” is based
on Vygotsky’s cultural-historical theory of development (Vygotsky, 1978), and
includes activities that promote executive functions skills. Training activities
include self-regulatory private speech, dramatic play, and aids to facilitate
memory and attention (A. Diamond, Barnett, Thomas, & Munro, 2007). Results of
this study revealed that children who participated in the Tools of the Mind
curricula showed a significant improvement in accuracy measures in demanding
executive functions tasks (i.e. conflict monitoring and inhibitory control),
compared to children in non-trained control group. There are other curricula-
based studies that also report improvement in cognitive control mechanism
(Lillard & Else-Quest, 2006; Raver et al., 2008; Riggs et al., 2006), unfortunately
none of these studies have collected neurocognitive data that would help
understanding the brain mechanisms underlying changes produced by strategy-

based training programs.

To our knowledge, no prior studies have examined the impact of
combining process-based and strategy-based approaches of cognitive training.
Therefore, the present experimental series has been conducted with the aim of
deepen our understanding of the impact of environmental influences on
cognitive control mechanisms and higher mental processes (i.e. intelligence). In
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order to do that we conducted a series of experiments where we assess near and
far-transfer effects of an attention training program in measures of executive
attention, executive function and intelligence. Moreover, we want to evaluate the
beneficial impact combining the processes-based and strategy-based training
approaches on the development of executive attention. To address this we
compared the effects of the combined training with the effects of a process-based

training approach.

Our processes-based training it's based on computerized training
exercises that were designed to training attention processes, and has been used
in previous studies (Rueda et al, 2012; Rueda, Rothbart, et al., 2005). The
strategy-based approach it's based on the implementation of metacognitive
scaffolding designed in order to assist children by means of a reflexive feedback.
Based on Vygotsky’s (1978) principle of the Zone of Proximal Development the
metacognitive scaffolding its designed to provide children with the necessary
support for the emergence of the abilities needed to improve MK, by encouraging
children to reflect on their own performance through the use of a reflexive-
feedback. The feedback was carefully design to provide a framework to guide the
trainer in the establishment of a verbal interaction with the children, in order to
direct the child in the processes of collecting information about task relevant
features, structuring this information in a metacognitive model, and organizing
the steps to implement the necessary actions that would help them increase
their performance during training exercises. This feedback-guide was design
for each of the training games modelling a dialogue between the trainer and the

child.
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By comparing the effects of combined and process-based training we
expect to found effects that would provide evidence on how the different training
strategy impacts in near and far-transfer effects, as well as the influence on brain

activation that underlies such changes.

4.2 Materials

4.2.1 Assessment tasks

4.2.1.1 Behavioural Measures
To assess possible behavioural near and far-transfer effects of the
attention-training program we used a set of pen and pencil tests, which provided

measures of inhibitory control, working memory and intelligence.

As a measure of inhibitory control we included the Simon Says test
(Strommen, 1973) that has a similar principle as the Go/NoGo task. In this task,
children has to inhibit a predominant response when a Go cue is missing. The
task is presented as a game in which the experimenter performs a series of
motor actions while giving the matching verbal instruction (e.g. “touch your
knees”) to the child. Children are asked to follow the command and imitate the
experimenter only if the instruction is preceded by the words “Simon Says". An
example of a Go trial is “Simon says touch your head”, whereas only saying
“touch your head” would be a NoGo trial. The task consisted of 20 trials (50%
NoGo). Experimental trials began only when it was clear that the child
understood the instructions. Percentage of inhibition errors was calculated and

included in the analyses as a measure of inhibitory control.
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We included the Working Memory Span Subtest of the WISC (Wechsler,
1991) as a measure of working memory. This test is composed by to subtests:
Forward and Backward memory span. Children are instructed to listen and
repeat series of digits in the same (Forward) or reverse (Backward) order of
presentation. A total of 8 experimental blocks are presented, including two trials
(series of numbers). The amount of numbers in the series gradually increases in
each block from 2-digits series up to 9-digits series in the last block. The task
terminated once the child committed two consecutive errors within the same
block. The number of correct trials (series of digits correctly remembered) was

registered for each condition and used as dependent variable.

We also included the Kaufman Brief Intelligence Test (K-Bit; Kaufman and
Kaufman, 1990) to examine far-transfer effects into measures of fluid reasoning

(Matrices), crystallized (Verbal) and a composite intelligence (I1Q) score.

4.2.1.2 Neurocognitive Measures

To examine the impact of the attention training program on brain
function we used cognitive tasks based on classical paradigms widely used to
target conflict monitoring (Flanker task) and inhibitory control (Go-NoGo)
procesess, while registering the electrophysiological activity of the brain (EEG).
A complete description of these tasks is provided in the experimental series

section for each EEG study.

4.3 Training program

The training program used in our study is similar to the one used by
Rueda et al (2005; also described in Rueda et al,, 2007 and Rueda et al., 2011).
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The program consisted of 14 computerized exercises divided into 6 categories:
(1) Tracking/Anticipatory; (2) Attention Focusing/Discrimination; (3) Conflict
Monitoring/Resolution; (4) Inhibitory control; (5) Task Switching; and (6)
Sustained Attention. For the current study, we designed three additional
exercises that were included into the category of Conflict Monitoring/Resolution,
one in the category of Inhibitory Control and another one in a new category of
Task Switching. The exercises consisted on tasks with increased levels of
difficulty, and in order to progress from one level to the next, the child must
complete a minimum of correct trials in a row (see table 4.1.1 for detailed

description of the training program).

Exercises included in the Tracking/Anticipation category were designed
with the purpose of training children to track and monitor the trajectory of a
cartoon character trough the screen by using a mouse. In the Side exercise the
child is asked to take a cartoon cat to the grass while avoiding going into the
mud. As the game progress through higher levels, the mud area gets
progressively bigger and the grass area gets smaller, increasing the attention and
movement control requirements. In the Maze exercise, children help a cartoon
cat to get food by navigating it through a maze to where the food is. Finally, the
Chase exercise requires anticipating the location where a duck that swims across
a pond in a straight line will come across in order to catching it. For that purpose,
the child manages the movement of a cartoon cat through the computer screen.
In most difficult levels of the exercise (Chase Invisible), the duck becomes
invisible when it goes into the pond, as if diving, so that its trajectory remains

invisible.
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The Focusing/Discrimination category has two types of exercises. The first
exercise consists on a matching-to-sample game in which children have to click
on the one of two pictures that looked exactly the same as a sample picture.
Similarities between the two options increased progressively, requiring the child
to pay closer attention to characteristics that become less salient. This exercise
has two versions. In the first version (named Portraits) the sample picture
remains on the screen while the child selects the matching item. In the second
version (named Portraits Delay) the sample picture disappears after a short
interval, forcing the child to keep in mind the attributes of the sample picture.
The second type of exercise (Shapes) consists on the presentation of a number of
overlapping figures that