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Attention: “mecanismo central de capacidad limitada
cuya función primordial es controlar y orientar la 
actividad consciente del organismo de acuerdo con 
un objetivo determinado” (Tudela, 1992, p.138) 

Selection (for a goal)

Control (voluntary)

Attention: "central limited-capacity mechanism whose primary
function is to control and orient the conscious activity of an
organism in pursuing a specific goal" (Tudela, 1992, p.138)

Attention:



“Everyone knows what
attention is. It is 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 withdrawl from
some things in order to deal
effectively with others,…” (James,
1890, p.403)

Selection

Attention:

William James



early vs. late selection

William James

Broadbent and the 
filter models: The 
problem of selection

The energetic model of 
Kahneman: The 
problem of resources 
and its management

Norman & Shallice: The 
problem of control

Attention:
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Treisman
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filter models: The 
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The energetic model of 
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problem of resources
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controlled vs. automatic process ing

William James

Broadbent and the 
filter models: The 
problem of selection

The energetic model of 
Kahneman: The 
problem of resources 
and its management

Norman & Shallice: The 
problem of control

Attention:



The problem of selection (early-late)

The problem of capacity/arousal (allocation of resources in time)

The problem of control (vs. automaticity)

Attention: Three main PROBLEMS

“… we challenge the usefulness of “attention” as a

unitary construct and/or neural system […] the concept

has too many meanings to justify a single term… ”

Hommel et al. (2019)

“No one knows what attention is”



Michael Posner

Posner’s integrative model

3 attentional functions
brain (neural basis)

capacity 

selection

control



Corbetta & Shulman: Two sources of control

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The reorienting system of the human brain: from environment to theory of mind. Neuron, 
58(3), 306-324.
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Cognitive Control: 

Voluntary vs. Involuntary



Voluntary
(top down)

Involuntary
(stimulus driven

Activation / Alertness

Selection  /  
Orienting

Control

Voluntary control is not the default
Why is it so powerful? Why is it limited?
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Voluntary control

✓ What is the power of cognitive control? 



Voluntary control

✓ What is the power of cognitive control?

✓ Why is it difficult (capacity; ability)? Where do 
limitations come from? 

o Resources???  The virtue/problem of shared 
representations (Musslick & Cohen, 2021).
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Research Article

According to the law of conservation of energy, the total 

amount of energy of an isolated system can never 

increase. In the domain of psychology, the idea that 

energy is a limited resource originated with Freud 

(1923/1961). Energy models have been little used in psy-

chology since Freud, though, with the rare exception  

of the ego-depletion  model developed by Baumeister,  

Bratslavsky, Muraven, and Tice (1998). According to this 

research, “the self’s acts of volition draw on some limited 

resource, akin to strength or energy. . . , therefore, one act 

of volition will have a detrimental impact on subsequent 

volition” (Baumeister et al., 1998, p. 1252). Research on 

ego depletion has substantial implications. It has been 

claimed that reliably exerting self-control, either actively 

doing something “good” or avoiding the temptation to act 

on “bad” impulses, can greatly reduce many of the major 

ills that affect society and people’s personal lives, such as 

“crime, violence, unwanted pregnancy, drug addiction, 

venereal diseases, bankruptcy, and premature deaths” 

(Baumeister, Muraven, & Tice, 2000, p. 130). It is not sur-

prising that the work of Baumeister et al. (1998) has had 

an impact on a number of disciplines, including advertis-

ing, behavioral economics, business, consumerism, law, 

management, marketing, and medicine. In fact, it is fair to 

say that this seminal article by Baumeister et al. has 

become a classic: At the time of this writing, it has more 

than 1,250 citations in the Web of Science.

When ego depletion was first proposed, the idea of a 

limited resource was a convenient metaphor. Given how 

fundamental exerting self-control is thought to be, it is 

important to establish the energy source that is depleted 

and to provide a mechanism by which ego depletion 

occurs. The most popular explanation found in the litera-

ture involves glucose. Gailliot et al. (2007) presented 

nine studies supporting three main findings: (a) Blood 

glucose levels are reduced after performing a self-control 
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Abstract

The idea behind ego depletion  is that willpower draws on a limited mental resource, so that engaging in an act of self-

control impairs self-control in subsequent tasks. To present ego depletion as more than a convenient metaphor, some 

researchers have proposed that glucose is the limited resource that becomes depleted with self-control. However, there 

have been theoretical challenges to the proposed glucose mechanism, and the experiments that have tested it have 

found mixed results. We used a new meta-analytic tool, p-curve analysis, to examine the reliability of the evidence 

from these experiments. We found that the effect sizes reported in this literature are possibly influenced by publication 

or reporting bias and that, even within studies yielding significant results, the evidential value of this research is weak. 

In light of these results, and pending further evidence, researchers and policymakers should refrain from drawing any 

conclusions about the role of glucose in self-control.
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Figure 2: T r adeo↵ B et ween L ear n ing E ffi cacy and P r ocessing E ffi ciency in a N eur al

N et wor k . Tasks are implemented as mappings between st imulus features (unit s in the input

layer) and responses (unit s in the output layer), through an internal representat ion of st imulus

features (uni t s in the hidden layer). (A) T he network implements two tasks: mapping colors

to verbal responses (color naming) and mapping words to verbal responses (word reading).

A ll unit s are assumed to be inhibit ed at rest , prevent ing flow of act ivity t hrough the network.

(B) To execute color naming, the cont rol mechanism (not shown) engages representat ions

for colors and verbal responses in the hidden and output layers, respect ively. T his prevents

interference from the word reading task. (C-D) T he network may learn a new task—indicate

t he word with a manual response (word point ing)—by mapping the exist ing representat ions for

words t o manual responses (C) or, alt ernat ively, by learning new represent at ions dedicated to

mapping from words to manual responses (D). T he former requires less t ime to learn but result s

in a shared representat ion between word reading and word point ing and thus dependence on

cont rol; when prompted to mult it ask color naming with word point ing, the cont rol mechanism

must engage represent at ions for colors and words in the hidden layer, as well as verbal and

manual responses in the output layer. In (C), this result s in an implicit engagement of the

word reading task because word reading and word point ing share a representat ion, leading to

interference with color naming. Separated representat ions in (D) prevent such interference,

but take longer to learn. Human behavior is consistent with (C), suggest ing that humans are

biased toward representat ion sharing [54].

14

Cognitive Control over Shared representations:
Processing Efficiency ↓ Learning Efficacy ↑

Musslick, S., & Cohen, J. D. (2021). Rationalizing Constraints on the Capacity for Cognitive Control. PsyArXiv

From Voluntary Control (present) to (speeded) Learning (future)
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Reading acquisition involves learning individual printed 

words as well as the underlying regularities of a writing 

system. These regularities are characterizations of how 

the visual symbols of writing map onto the sounds and 

meanings of spoken language. One important regularity 

in alphabetic writing systems is the relationship between 

spellings and sounds (e.g., the letter “B” maps onto the 

sound /b/ ). There has been substantial interest in how 

we acquire this spelling-to-sound mapping (e.g., Seymour, 

Aro, Erskine, & COST Action A8 Network, 2003), but 

there are also powerful regularities between spelling 

and meaning conveyed through morphology (e.g., “-ed” 

at the end of a word indicates the past; Ulicheva, Harvey, 

Aronoff, & Rastle, 2020). Literate individuals use knowl-

edge of both spelling-to-sound and spelling-to-meaning 

regularities to generalize, that is, to interpret words that 

they have not seen before, such as when pronouncing 

a nonword (e.g., “chilb”) or understanding an unfamil-

iar word (e.g., “TikTokker”).

There is wide agreement that learning these regulari-

ties is vital in reading acquisition, but there is also pro-

found and long-standing debate about how this learning 

should be supported (e.g., Castles, Rastle, & Nation, 

2018). One approach advocates explicit instruction of 

the regularities. For example, in systematic phonics 

training, a child may be taught that “D” makes the sound 

/ d/  and then asked to read aloud examples such as 

“dog,” “dad,” and “dig.” An alternative approach suggests 

that these regularities may be discovered without explicit 

instruction, simply through text experience. Discovery 

learning is an important concept within constructivism 

(e.g., Bruner, 1961), in which it is argued that “knowl-

edge [that] students construct on their own . . . is more 
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Abstract

There is profound and long-standing debate over the role of explicit instruction in reading acquisition. In this research, 

we investigated the impact of teaching regularities in the writing system explicitly rather than relying on learners to 

discover these regularities through text experience alone. Over 10 days, 48 adults learned to read novel words printed 

in two artificial writing systems. One group learned spelling-to-sound and spelling-to-meaning regularities solely 

through experience with the novel words, whereas the other group received a brief session of explicit instruction on 

these regularities before training commenced. Results showed that virtually all participants who received instruction 

performed at ceiling on tests that probed generalization of underlying regularities. In contrast, despite up to 18 hr of 

training on the novel words, less than 25% of discovery learners performed on par with those who received instruction. 

These findings illustrate the dramatic impact of teaching method on outcomes during reading acquisition.
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Attention and Learning / Memory

Psychological Science, 2021

✓ Attention guide learning

✓ Memory of learnt selection 

guide Attention (S-R bindings –

Hommel-; Selection history/Learnt Value –

Theeuwes-; retrieval of inhibited states –

Tipper-; Context-Specific attention –Milliken-)
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Voluntary control

✓ What is the power of cognitive control?

✓ Why is it difficult (capacity; ability)? Where do 

limitationscome from? 

o Resources???  The virtue/problem of shared 

representations (Musslick & Cohen, 2021).

o Poor processing efficiency / Learning Efficacy

✓ Why is it aversive?



The cost of Control

✓Cognitive control may be inherently 
costly or aversive

(TICS, 2015)
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✓ The cost of being a human being, of 
having a body to keep alive: Distraction
keeps us hooked to the present, to achieve 
this goal.

✓ Allocation of Cognitive control (adaptation 
to the future) needs to be motivated 
(Botvinick & Braver, 2015). 



Excessive attentional focus might not be adaptative



Voluntary control

✓ What is the power of cognitive control?

✓ Why is it difficult (capacity; ability)? Where do 
limitations come from? 

o Resources???  The virtue/problem of shared 
representations (Musslick & C ohen, 2021).

o P oor processing efficiency / L earning E fficacy

✓ Why is it avers ive ? The cost of Voluntary Control:

o It means dis -adaptation from the present (to 
adapt to the future) (motivation).



Vigilance decrement:

• The cost of sustaining attention 
when it is perceived as 
unnecessary

• Resource depletion?
• Less decrement by dual tasking.
• Motivational factors related to the 

decrease in Cognitive Control 
across time (Thomson, Besner & 
Smilek, 2015).

(Luna, Barttfeld, Martín-Arévalo & Lupianez, 2021); ANTI-Vea task - https:CCwww.ugr.esC~neurocogCANTIC

Cognitive control (future) must be worth allocating (Botvinick & Braver, 2015); 
otherwise the mind go into automaticity or distraction (present; in the 

presence of potentially relevant stimuli), or fall into mindwandering (default 
state; in the absence of stimulation).



Voluntary control: 
Being able to wait for a future reward

But not satisfying immediate needs!!!
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In a series of studies based on children who attended 

a preschool on the Stanford University campus, Mischel, 

Shoda, and colleagues showed that under certain condi-

tions, a child’s success in delaying the gratification of 

eating marshmallows or a similar treat was related to 

later cognitive and social development, health, and 

even brain structure (Casey et al., 2011; Mischel et al., 

2010; Shoda, Mischel, & Peake, 1990). Although only 

part of a larger research program investigating how 

children develop self-control, Mischel and Shoda’s 

delay-time–later -outcome correlations and the pre-

schooler videos accompanying them have become 

some of the most memorable findings from develop-

mental research. Gratification delay is now viewed by 

many to be a fundamental “noncognitive” skill that, if 

developed early, can provide a lifetime of benefits (see 

Mischel et al., 2010, for a review).

Since the publication of Mischel and Shoda’s seminal 

studies (e.g., Mischel, Shoda, & Peake, 1988; Mischel, 

Shoda, & Rodriguez, 1989; Shoda et al., 1990), other 

researchers have examined the processes underlying the 

ability to delay gratification. Some have modified the 

marshmallow test to illuminate the factors that affect a 

child’s ability to delay gratification (e.g., Imuta, Hayne, 

& Scarf, 2014; Kidd, Palmeri, & Aslin, 2013; Michaelson 

& Munakata, 2016; Rodriguez, Mischel, & Shoda, 1989; 

Shimoni, Asbe, Eyal, & Berger, 2016); others have inves-

tigated the cognitive and socioemotional correlates of 

gratification delay (e.g., Bembenutty & Karabenick, 2004; 

Duckworth, Tsukayama, & Kirby, 2013; Romer, Duckworth, 

Sznitman, & Park, 2010). These studies have added to a 

growing body of literature on self-control suggesting that 
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Abstract

We replicated and extended Shoda, Mischel, and Peake’s (1990) famous marshmallow study, which showed strong 

bivariate correlations between a child’s ability to delay gratification just before entering school and both adolescent 

achievement and socioemotional behaviors. Concentrating on children whose mothers had not completed college, we 

found that an additional minute waited at age 4 predicted a gain of approximately one tenth of a standard deviation 

in achievement at age 15. But this bivariate correlation was only half the size of those reported in the original studies 

and was reduced by two thirds in the presence of controls for family background, early cognitive ability, and the 

home environment. Most of the variation in adolescent achievement came from being able to wait at least 20 s. 

Associations between delay time and measures of behavioral outcomes at age 15 were much smaller and rarely 

statistically significant.
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Nu merical Stroop Numerical Stroop

o Worries about problems (needs) due to scarcity consumes 

resources (Mani et al.)

o Or may be: Scarcity makes the present most relevant 

(immediate needs). Reduced motivation about the future 

(reduced motivation to allocate Cognitive Control).

4 4

4
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Román-Caballero, Vadillo, Trainor & Lupianez. (under review). 

Please don’t stop the music. A meta-analysis of the benefits of 

learning to play an instrument on cognitive and academic skills

• Near vs. Far transfer.
• Current discussion (Sala & 

Gobet, 2018; Stojanoski, … & 
Owen, 2020)

• Training the abilityof Cognitive 
Control vs. training  to use
Cognitive Control to achieve 
long term goals.

• Cognitive Training:  Training the 
Cognitive Control skill (to reduce 
interference)

• More holistic training (musical, 
sport, structured training): 
Training (also) on the use of 
Cognitive Control to achieve 
long-term goals

• The BEST training is LIFE, a well 
structured life

Training Cognitive 
Control:



To summarize

Attention = Selection (in time, in perception & action)

Under Involuntary vs. Voluntary control (equilibrium)

Voluntary control is difficult: efficient in guiding learning (for future 
adaptation; through automatization)

With large interference at present (inefficient processing)

Voluntary control is aversive: tradeoff… 
o Adaptation to the future
o Dis-adaptation from the present (distraction)

Does not seems a question of energy consumption (resources), but of 
motivation (Botvinick & Braver, 2015)

Poverty/insecurity (distraction reduced motivation for focused attention)

Training: attentional capacity (to deal with interference) vs. training 
attentional attitude (motivation) to deal with distraction & automatic 
(by default) behavior

”enemi es” of  
focused attention



using voluntary attention to train automatic control

Controlling dis traction
must be worth



training voluntary attention (capacity and attitude, 
disposition)

o Ln a structured 

environment

o Experiencing that goal 

achievement is possible

o To learn that it is worth 

perseverating to get to 

longer–term goals



training voluntary attention (capacity and attitude, 
disposition)

o Ultimately, Distraction needs to 

be managed (not just avoided)

o Not all environments are worth 

waiting



Thanks !!
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