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Zusammenfassung

Nach klassischen Aufmerksamkeitstheorien (Posner & Snyder, 1975; Schneider & 

Shiffrin, 1977) sind unbewusste automatische Prozesse unabhängig von top-down-Einflüssen 

wie Aufmerksamkeit. Ein prototypisches Beispiel für automatische Prozesse sind 

Bahnungseffekte (Priming-Effekte) durch unbewusst wahrgenommene Reize (Kiefer, 2007). 

Neuere Arbeiten zeigen indes (z. B., Ansorge & Neumann, 2005; Kiefer & Brendel, 2006; 

Kiefer & Martens, 2010; Kunde, Kiesel, & Hoffmann, 2003), dass automatische Prozesse eine

entsprechende Konfiguration des kognitiven Systems erfordern. Das ‚attentional sensitization 

model of unconscious cognition’, das Modell zur aufmerksamkeitsbasierten Sensitivierung 

unbewusster Prozesse (Kiefer & Martens, 2010), postuliert, dass Aufmerksamkeit die 

Sensitivität von unbewussten Verarbeitungswegen in Abhängigkeit der aktuellen 

Aufgabenrepräsentation moduliert: Automatische Prozesse können nur initiiert werden, wenn 

die relevante Stimulusdimension der gegenwärtigen Aufgabeneinstellung entspricht. Um eine 

Aufgabeneinstellung, ein ‚attentional set‘, zu induzieren, wird der maskierten Priming-

Aufgabe eine Entscheidungsaufgabe vorgeschaltet, die verschiedenen kognitiven Domänen 

angehören kann (bspw. perzeptuelle oder semantische Entscheidungsaufgabe). Martens, 

Ansorge und Kiefer (2011) bspw. fanden ein verstärktes visuell-motorisches Priming nach 

einer perzeptuellen im Gegensatz zu einer semantischen Entscheidungsaufgabe. 

Ziel dieser Arbeit war zu untersuchen, ob das vorgeschlagene Modell sowohl für feiner 

aufgelöste Prozesse innerhalb einer kognitiven Domäne als auch für weitere Domänen als 

perzeptueller und semantischer Verarbeitung gilt. Es werden zunächst zwei EEG-Studien 

beschrieben, die zeigen, dass auch auf einer feineren perzeptuellen Ebene (Form vs. Farbe) 

eine Sensitivierung unbewusster visuell-motorischer Verarbeitung stattfinden kann. 

Im dritten Experiment, einer Studie mittels funktioneller Kernspintomografie (fMRT), 

wurden die neuroanatomischen Korrelate der aufmerksamkeitsbasierten Sensitivierung 

unbewusster visuell-motorischer Prozesse untersucht. Es konnte durch die Resultate dargelegt
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werden, dass nach einer perzeptuellen (im Gegensatz zu einer semantischen) 

Entscheidungsaufgabe differenziell Gehirnareale aktiviert werden, die für motorische 

Verarbeitung zuständig sind. 

Das Ziel des vierten Experimentes war, mittels einer EEG-Studie zu prüfen, ob 

affektives Priming mit Bildmaterial auf perzeptueller oder semantischer Analyse der Bilder 

beruht, und die Gültigkeit des ‚attentional sensitization model’ für die Domäne der 

unbewussten affektiven Verarbeitung zu testen. Die Resultate demonstrieren, dass 

unbewusstes affektives Priming mit Bildmaterial durch Aufmerksamkeitsausrichtung auf 

perzeptuelle Merkmale der Bilder verstärkt wird und nicht auf semantischer Analyse der 

Bilder beruht. 

In der Zusammenschau zeigen die Ergebnisse, dass – im Gegensatz zu klassischen 

Theorien der Aufmerksamkeit – unbewusste Prozesse in verschiedenen Domänen zu einem 

gewissen Grad gezielt durch Aufgabeneinstellungen moduliert werden können. Dies legt eine 

beträchtliche Anpassungsfähigkeit unseres kognitiven Systems nahe, welche es uns 

ermöglicht, effektiv Ziele zu erreichen inmitten einer Vielzahl von potenziell ablenkenden 

Reizen und Einflüssen.  
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Summary

According to classical theories of automaticity and attention (Posner & Snyder, 1975; 

Schneider & Shiffrin, 1977), unconscious automatic processes are insusceptible to higher 

level attentional influences such as intentions and task sets. Recent evidence, however, shows 

that the cognitive system has to be configured in a certain way for automatic processes to 

occur (e.g., Ansorge & Neumann, 2005; Kiefer & Brendel, 2006; Kiefer & Martens, 2010; 

Kunde, Kiesel, & Hoffmann, 2003). The attentional sensitization model of unconscious 

cognition (Kiefer & Martens, 2010) suggests that automatic processes require an attentional 

enhancement in task-relevant pathways by prefrontal top-down signals: Automatic processes 

can only be initiated if the process-relevant stimulus dimension matches the active attentional 

set. Martens, Ansorge, and Kiefer (2011) for example found a differential facilitation of 

subliminal visuo-motor priming subsequently to attending to perceptual stimulus features in 

contrast to semantic features. 

To continue this line of research, firstly, a finer grained analysis of induction task effects

on unconscious visuo-motor priming was of interest in this thesis. There is evidence that 

shape and color of visible objects can be attended to and processed independently of each 

other (e.g., Boucart & Humphreys, 1994). Thus, in the first event-related potential (ERP) 

study I investigated whether unconscious visuo-motor priming depends on a sensitization of 

processing pathways for shape in contrast to color. A previously used induction task 

paradigm, which was especially developed in the frame of the attentional sensitization model 

(Kiefer & Martens, 2010), was applied (e.g., Martens et al., 2011) where prior to the masked 

visuo-motor priming task a shape or a color decision task was presented in order to induce 

corresponding attentional sets. In the masked visuo-motor priming task participants had to 

respond according to the shape of a visible target object, which was preceded by either a 

response-congruent or response-incongruent masked prime shape. In Experiment 2, instead of

response-congruent primes and targets, identity priming was used. 
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Results from Experiments 1 and 2 demonstrate a differentiated modulating influence of 

induction tasks (form vs. color) on masked visuo-motor priming. Unconscious processing of a

masked geometric object was facilitated when a ‘visual form’ task set was activated (i.e., after

the shape decision task) whereas no such effect was observed following the color induction 

task. These findings support the assumption of the attentional sensitization model of 

unconscious cognition (Kiefer & Martens, 2010) that even on a very fine-grained level (shape

vs. color) attention influences the sensitivity of unconscious processing streams as a function 

of top-down modulation.

Secondly, in order to examine the neuroanatomical correlates of unconscious visuo-

motor processing in Experiment 3, a neuroimaging study by means of functional magnetic 

resonance imaging (fMRI) was set up using the induction task paradigm described above. 

Result suggests that subsequently to the perceptual induction task (in contrast to a semantic 

induction task) unconscious activation of visuo-motor processing circuits encompassing the 

basal ganglia and the middle temporal gyrus is facilitated.

Finally, in order to probe the validity of the attentional sensitization model in a further 

domain, an unconscious affective priming ERP study using the induction task paradigm was 

devised. It was tested whether unconscious emotional processes elicited by emotional 

pictures, which – unlike visuo-motor processes based on visual shapes – crucially rest on the 

amygdala as a subcortical structure, were also susceptible to top-down modulation by 

attentional sets focusing on visual form vs. semantic meaning. Results show that unconscious 

affective priming of pictures is boosted by attention to perceptual features of pictures and 

does not rest on their semantic analysis.

Taken together, the findings presented in this work show that – unlike classical theories 

of automaticity – to a certain extent unconscious automatic cognitive processing is subject to 

control by higher-level influences in a variety of domains. This provides for a considerable 
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adaptability of our cognitive system to achieve goals we aim for amidst a myriad of 

potentially distracting influences.       
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1. General Introduction – Preface 

In psychological and neuroscientific research, the subject of attention has long been 

characterized predominantly by its function of perceptive selection (Müller & Krummenacher,

2008). The great American psychologist and philosopher William James (1842-1910), one of 

the most prolific authors in his field and at that time, noted (James, 1890, pp. 403-404):

“Everyone knows what attention is. It is the taking of possession by the mind, in clear 

and vivid form, of one out of what seem several simultaneously possible objects or trains of 

thought. Focalization, concentration, of consciousness are of its essence. 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, scatterbrained state which in French is called 

distraction and Zerstreutheit in German.”

In our everyday lives, we may not be aware of what great capabilities our attentional 

system possesses. Just to invoke a few observations, this is for example illustrated by the 

cocktail party phenomenon (Cherry, 1953), which shows that we can selectively focus on one 

person or conversation and shield the rest. Moreover, we are even able to divide attention 

between two tasks (e.g., Kahneman, 1973) or exert covert attention, i.e., to mentally focus on 

one stimulus without employing sense organs, e.g. eye gaze, directed to the origin of a 

stimulus (Helmholtz, 1866; Posner, 1980). 

It was debated whether this selectivity of perception can be explained by filter theories 

(Broadbent, 1958; Deutsch & Deutsch, 1963) or by limited capacity theories (Kahneman, 

1973) but neither theory could consistently explain experimental data and which stimuli 

receive attention while others do not (Hoffmann, 2004). To support these theories, one would 

have to assume the existence of a kind of homuncule, an instance in the brain that exactly 

knows and decides how much resource for instance has to be allocated during a given task. 

But how will it know (Hoffmann, 2004)? 
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Hoffmann (1993) instead argued that it might not at all be appropriate to view attention 

as a separate mechanism but to view selectivity of stimulus processing as an innate 

component which serves to support the control of our actions and intentions (‘selection for 

action’). 

Over a hundred years ago, as a preferred research method introspection was used 

(Wundt, 1874); today’s researchers, however, build upon evidence from studies conducted 

with more advanced methods like brain imaging techniques (functional magnetic resonance 

imaging, fMRI) or by recordings of electrical activity along the scalp (the 

electroencephalogram, EEG) by which the functional and neural correlates of visual attention 

for example can be explored (see for instance, Luck & Hillyard, 1994). Thereafter, in order to 

optimize the outcome of behaviors, attention is assumed to increase perceptual sensitivity for 

relevant stimuli through two possible mechanisms which work separately or jointly (Kiefer & 

Martens, 2010): Firstly, activation towards relevant stimuli is heightened (Posner, Snyder, & 

Davidson, 1980); secondly, distraction by irrelevant stimuli is reduced by biasing processing 

in order to reach the intended goal (Desimone & Duncan, 1995). 

There are two mechanisms by which stimuli can get attention from our cognitive system

(e.g., Kastner & Ungerleider, 2000; Posner, 1980). On one hand, attention can be captured 

externally (also described as exogenous attention) and is thus involuntary and stimulus-driven

(bottom-up processing). On the other hand, attention can be guided by an internal goal or be 

conditional upon expectations that govern our actions in the frame of executive functioning 

(also denoted as endogenous attention); such processes are referred to as top-down 

processing.

Attention is tightly linked to consciousness, the experience of phenomenally being 

aware of the stimuli surrounding us (Dehaene & Naccache, 2001; Lamme, 2003). Human 

consciousness has been a challenging subject to examine. It has long been regarded as 

absolutely subjective and thus unamenable to objective scientific exploration (Kiefer et al., 
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2011). This view changed with the introduction of new approaches to experimental 

psychology which gradually removed doubts as to whether phenomenal consciousness can be 

a matter of empirical research (Kiefer et al., 2011). During the last years, much research has 

been devoted to investigating the neuro-cognitive mechanisms of conscious and unconscious 

vision. In their review, Kiefer et al. (2011) state that visual awareness stems from 

consolidated visual representations and that it is furthermore the result of a post-sensory 

gating process which is crucially influenced by higher level cognitive control mechanisms 

like attention. It is concluded that attention is a prerequisite for the formation of a conscious 

visual percept (see also, Dehaene & Naccache, 2001; Lamme, 2003).

The field of conscious and unconscious visual perception is especially apt to be explored

scientifically and hence to work out the effects of experimental manipulation since modern 

techniques enable a precisely controlled presentation of visual stimuli in the laboratory 

(Kiefer et al., 2011). As the present work focuses on unconscious automatic processes, the 

masked priming paradigm lends itself to be used because by means of the mask a prime can 

be rendered invisible and thus unconscious but nevertheless exert its behavioral influence 

(Kiefer & Martens, 2010; a more ample explanation on visual masking is presented in section 

3.1). In cognitive psychology, priming denotes a procedure where exposure to a prime 

stimulus can influence the reaction to a later stimulus which is the target stimulus (Kiefer et 

al., 2011). Prime and target stimuli are presented quickly one after another and, as said, prime 

stimuli can be rendered invisible und thus remain unconscious when they are followed by a 

mask (subliminal viewing conditions, i.e., presentation of stimuli below the threshold for 

awareness); by this means, the possibility that intended, controlled processes are at work can 

be excluded (Kiefer, 2007; Kiefer & Martens, 2010). To specifically explore automatic 

processes, the facilitatory effects of unconsciously perceived stimuli (primes) thus constitute a

suitable tool (Kiefer & Martens, 2010). Various studies have shown that unconscious primes 
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facilitate the reaction to a subsequently presented visible target which will be shown in further

detail in section 3.2 (for an overview, see Kiefer, 2007).

The domain of conscious cognition is traditionally considered to be the field where top-

down control by attention, action goals and task sets can take place (Posner & Snyder, 1975; 

Schneider & Shiffrin, 1977). Unconscious automatic cognitive processes on the other hand 

are said to be insusceptible to top-down influences like intentions or task sets but to operate 

invariantly and independently from such higher-level influences (Posner & Snyder, 1975; 

Schneider & Shiffrin, 1977). Unconscious processes in this context are defined as those 

processes for which individuals cannot report properties of the eliciting stimuli and/or 

characteristics of the process in question. 

This traditional view regarding automaticity, however, has increasingly been called into 

question by findings that show that automatic processes seem to be able to be influenced by 

top-down control (Kiefer & Martens, 2010). Take, for example, the Stroop interference effect 

in color naming (Stroop, 1935), where the person’s task is to name the color of the ink in 

which a color word is written. When the color word and the color of the ink are disparate 

(e.g., the word ‘red’ is presented in yellow) reaction times (RT) increase. This reaction time 

effect is thought to reflect competition between task-irrelevant involuntary automatic 

processes (word naming) and task-relevant intentional processes of color naming (Cohen, 

Dunbar, & McClelland, 1990). However, Kuhl and Kazén (1999) showed that this automatic 

Stroop interference effect can be modulated by top-down factors like the conscious activation 

of intention memory and induction of positive affect in that they abolish the Stroop 

interference effect (Kiefer & Martens, 2010).

The aim of the present work is to show further evidence for the idea that unconscious 

automatic processing is susceptible to higher level top-down influences. To give an overview,

I will start with a presentation of theories of consciousness from a cognitive-neuroscientific 

view with a brief outline of measurement techniques in consciousness research, then move on 
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to explain how – according to current conceptualizations – perception remains unconscious 

and which forms of unconscious processes exist including some evidence. Afterwards, I will 

deal with theories of automaticity; both classical and refined theories of automaticity will be 

introduced, among them the attentional sensitization model of unconscious cognition (Kiefer 

& Martens, 2010), which was especially developed to investigate the dynamics of 

unconscious (and also conscious) visual processing as a function of induction tasks serving as 

a top-down influence on subsequent unconscious visual processing. After reviewing some 

evidence for refined theories of automaticity, I will conclude the introductory section 

explicating the goal of this research and the hypotheses.

The experimental section of the present work starts with the presentation of two EEG-

experiments which – building upon previous experimental work – were designed to test the 

boundary conditions of top-down control on unconscious processing. The results show that in 

visuo-motor processing unconscious priming can be influenced not only by top-down 

attentional sets belonging to coarser cognitive domains (such as perceptual vs. semantic task 

sets) but also by attentional sets which are differentiated on a finer-grained scale within the 

perceptual domain. Thereafter, in Experiment 3 the neuroanatomical correlates of masked 

visuo-motor priming are investigated and results are presented. Finally, to probe the validity 

of the attentional sensitization model of unconscious cognition for other domains than visuo-

motor and semantic processing, Experiment 4 was conducted to elucidate unconscious 

affective processing as a function of task sets and the outcome is presented. 

This work will be concluded with a general discussion of the findings.     
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2. Theories of consciousness 

The field of human consciousness has become an exiting and challenging topic for 

scientific exploration. Especially due to the assumption that consciousness is a private and 

subjective phenomenon, it has formerly been considered as an intractable problem for 

empirical research and therefore pertained to the field of philosophy (Kiefer et al., 2011). 

This situation changed with the advent of new techniques in experimental psychology 

and advances in cognitive neurosciences (Kiefer et al., 2011) and many researchers were 

dedicated to develop and present their models of consciousness. Here, I would like to outline 

two influential models of consciousness from a cognitive-neuroscientific point of view. 

Afterwards, I will briefly describe two important and widespread measurement techniques of 

brain activity in consciousness research, namely the electroencephalogram (EEG) and 

functional magnetic resonance imaging (fMRI). 

2.1 The Global Workspace Model  

Dehaene and colleagues (Dehaene, Kerszberg, & Changeux, 1998; Dehaene & 

Naccache, 2001), one of the most influential research groups in the field of consciousness 

research, developed the global workspace model and claimed that any theory of consciousness

should include three particular points which, according to empirical findings, proved to be 

relevant. 

Firstly, consciousness is not always necessary for information processing which has 

been demonstrated in numerous subliminal priming studies as will be elaborated on in further 

detail below (see section 3.2). Secondly, the authors state that consciousness is not possible 

without attention. This is for example evident in the case of inattentional blindness (Mack & 

Rock, 1998) which refers to the fact that subjects cannot report unexpectedly presented 

stimuli while being busy with a different task. Thirdly, although a huge amount of mental 

processing seems to be able to proceed in an unconscious fashion, according to Dehaene and 
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Naccache (2001) the question of the advantage of using consciousness must be raised in order

to comprehend the computational nature of consciousness and its evolutionary benefits. From 

that, their third claim is a more tentative one and says that consciousness is necessary for 

certain mental activities like maintenance and new combinations of contents or spontaneous 

generation of intentional behavior.   

Dehaene and colleagues worked out a coherent framework for consciousness: the 

hypothesis of a ‘global neuronal workspace’ (Dehaene, Kerszberg, & Changeux, 1998; 

Dehaene & Naccache, 2001). From a plethora of diverse principles on which theories of 

consciousness are based, the authors selected three influential theoretical proposals and show 

how these merge into their proposed framework for consciousness.  

In 1983, Jerry A. Fodor (Fodor, 1983) postulated a modular mental architecture 

(‘Modularity of Mind’) by integrating a computational approach to mental processes. 

Unconscious or automatic cognitive operations were to rely on a variety of certain processors 

or ‘modules’, which were characterized – among others – by automatic processing and 

obligatory firing, domain specificity, a fixed neural architecture and information 

encapsulation. According to Dehaene and Naccache (2001), various neuroscientific methods 

like brain imaging or cell recording have identified functionally specialized sub-circuits of 

different sizes like shape-, motion- or face-selective areas which were found to be responsive 

even in anesthetized animals leading to conclude that automatic computation can take place 

non-attentionally. Dehaene and Naccache (2001) thus suggest that, from the modular 

perspective, a certain cognitive process requires a group of certain interacting modules to 

proceed unconsciously. As further noted by the authors, it should be kept in mind that 

unconscious processes are not limited to simpler cognitive operations as much as some 

simpler cognitive operations can call for conscious effort – there is no relation between the 

difficulty of a task and its proceeding in a conscious or unconscious manner.  
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Regarding the field of conscious processing however, Dehaene and Naccache (2001) 

argue that Fodor’s modularity hypothesis fails to explain some observations. The authors 

explain that researchers found that during conscious cognitive operations human minds 

apparently must work in a non-modular fashion such as in decision making or speech 

production, where many different sources are drawn upon. As is further explained, during 

certain tasks humans are capable to inhibit automatic processing and to assume a more 

controlled mode of processing (Posner, 1994; Schneider & Shiffrin, 1977; Shallice, 1988) 

which suggests that processing of the conscious mind rests upon a separated functional 

architecture that overcomes modularity. The authors then move on to briefly delineate the 

emergence of cognitive theories which posit that controlled information processing implies 

the existence of a distinct cognitive system with flexible links between processors. To cite just

two examples, on one hand there is the notion of a ‘central executive’ which is a working 

memory (formerly short-term memory) model conceptualized by Baddeley (1986). With its 

subsystems, the visuo-spatial sketchpad and the phonological loop, the ‘central executive’ 

(Baddeley, 1986) is said to drive and coordinate the whole cognitive system regarding the 

encoding, storing and retrieval of information. The idea of a ‘supervisory attentional system’ 

(SAS), a limited-capacity model proposed by Shallice (1988) on the other hand is similar to 

Baddeley’s ‘central executive’ in that it is organized in a hierarchical fashion and can 

influence every layer in hierarchy in a strategic and planned manner independently from 

automatic processes, for instance when the latter fail in achieving an intended goal (Dehaene 

& Naccache, 2001; Shallice, 1988).

With the ‘global workspace model’, Dehaene and colleague(s) (1998; 2001) drew a 

synthesis of these approaches by saying that both specialized processors and a distributed 

neural system or ‘workspace’ with large connections constitute the architecture of the human 

brain and enable information processing in a coordinated and variable manner (Dehaene, 

Kerszberg, & Changeux, 1998). Modules or processors do not have to be necessarily 
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connected directly to have access to each other’s information as the ‘global workspace’ 

constitutes a general link or hub that enables exchange and combination of contents (Baars, 

1989).

In the theoretical framework of the ‘global neuronal workspace’ (Dehaene, Kerszberg, 

& Changeux, 1998; Dehaene & Naccache, 2001) many modules can process information in 

parallel in an unconscious and automatic fashion. Contents become conscious, however, when

attention comes into play by which the third influential notion regarding consciousness is 

introduced. As said, research has shown that cognitive processing can proceed without 

attention as demonstrated in subliminal priming studies, but consciousness cannot be 

instantiated without attention as can be seen in the mentioned phenomenon of inattentional 

blindness (Mack & Rock, 1998). This meshes well with Posner (1994) who proposed the 

notion of attentional amplification which says that attentional orientation brings about 

heightened activation in attended brain areas and a temporal increase in processing efficiency 

(Dehaene & Naccache, 2001). The ‘global workspace model’ has incorporated this idea of a 

top-down attentional amplification as a mechanism which transiently mobilizes modular 

processes, rendering them accessible for the global workspace and hence to consciousness 

(Dehaene, Kerszberg, & Changeux, 1998). This theory says that a cognitive process can be 

part of conscious contents or not, depending on whether (in addition to current processing) 

top-down attentional amplification takes place or not. As soon as top-down attentional 

amplification (‘dynamic mobilization’) and its maintenance over a minimal duration activate 

the respective neural populations, contents become conscious (Dehaene & Naccache, 2001). 

A brain-scale state of coherent activity involving many neurons throughout the brain sets in 

and makes information available to many processes like perceptual categorization, long-term 

memorization, evaluation and voluntary action, which is what we phenomenally perceive as a 

conscious state (Dehaene & Naccache, 2001). As proposed by the ‘global neuronal 

workspace’ model of consciousness (Dehaene & Naccache, 2001; Kiefer et al., 2011), visual 
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awareness depends on consolidation within the visual system by feedforward and feedback 

processing (re-entrant processing) within lower-level and higher-level visual areas; Kiefer et 

al. (2011) suggest that additional post-sensory encoding into prefrontal working memory 

circuits is also necessary for consciousness to emerge. If one of the processes fails, the visual 

stimulus and further processing remain unconscious (Kiefer et al., 2011).

2.2 Model of Attention and Consciousness

In an influential work, Lamme (2003) presented a model of attention and consciousness 

and states that, although visual attention and visual awareness are tightly linked to each other 

and are commonly equated, these two concepts can clearly be differentiated from each other 

which will be elaborated on in the following paragraphs. 

Firstly, the author advocates psychological/theoretical arguments that support a 

distinction between visual attention and visual awareness. As is explained, consciousness is 

limited which can be seen in change blindness and inattentional blindness experiments: 

Change blindness, which was first mentioned by James (1890), is a phenomenon where 

subjects do not notice the difference between two almost identical scenes, even when the 

change is dramatic; moreover, as said, inattentional blindness prevents subjects from noticing 

unexpected stimuli while directing attention to a different task, even when these new stimuli 

are in clear sight (Mack & Rock, 1998). Lamme (2003) argues that these findings suggest a 

selective process in consciousness where attention holds the key as change blindness and 

inattentional blindness do not occur with stimuli that, for example, capture attention by 

themselves. Thus, as Lamme (2003) argues, attention is the gate for a representation that can 

be reported, remembered or manipulated in working memory. As is further explicated by the 

author, attentive selection provides for the observation that only a fraction of sensory inputs 

reaches a conscious state with the ability to report on stimuli; however, there is also non-

attentional selection, i.e., activation of cognitive processing without awareness as can be seen 
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with masked stimuli (for a further explanation, see section 3.1). Thus, Lamme (2003) 

concludes that there are three processing levels that a visual stimulus can be subjected to: 

unconscious, unattended or attended. As said, only stimuli from the last category become 

aware and lead to the equalization of attended and conscious stimuli because there is no 

awareness without attention (O’Regan & Noë, 2001). Lamme (2003) proposes a model with 

an initial differentiation of conscious versus unconscious inputs with an independently 

operating attentional selection process; from the conscious inputs, attention then selects the 

stimuli for conscious reportability and thus determines whether they are stored in memory 

stable enough to be reported on later while the rest of the stimuli remain unavailable to 

conscious report, even when presented in a potentially conscious fashion. According to 

Lamme (2003), change blindness and inattentional blindness are not phenomena of lacking 

consciousness but of lacking conscious memory and the author reasons that there seem to be 

more commonalities between mechanisms of memory and consciousness than between 

attention and consciousness.

Secondly, Lamme (2003) deals with neuroscientific arguments supporting a distinction 

between visual attention and visual awareness. Here, the basic concept of cognitive 

processing from sensory input to motor output is built on computational approaches. Concepts

like recurrent processing (Lamme & Roelfsema, 2000), synchrony (Engel, Fries, & Singer, 

2001) or modulation (Goldman-Rakić, 1996) are said to mediate the ways from input to 

output and to endow our cognitive system with great flexibility and ability (Lamme, 2003). 

Moreover, brain activity can be influenced by short-term residual processing from preceding 

events (Levi & Goldman-Rakić, 2000) or by long-term changes such as chemical 

interventions or anatomical alterations (Dudai, 2002). In his work, Lamme (2003) explains 

that visual attention means preferential processing of the attended stimuli as attention brings 

about increased (Desimone & Duncan, 1995) and synchronous (Fries, Reynolds, Rorie, & 

Desimone, 2001) activity in neurons that process the stimulus dimension in question; 
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moreover, activity in frontal and parietal brain regions is heightened (Driver, 2001). However,

as Lamme (2003) emphasizes, sensory processing alone is insufficient to explain why a 

stimulus gains attention while another does not: Short- and long-term memory of stimuli is 

additionally necessary for stimuli to be attended (Di Lollo, Kawahara, Zuvic, & Visser, 2001),

thus inferring that it is not attention alone being a prerequisite for visual awareness.

According to the author, the particular kind of neural activity that leads to visual 

awareness consists of feedforward and feedback/recurrent processing (Lamme, 2000; Lamme 

& Roelfsema, 2000). Feedforward activation starts to take place at the earliest stage of 

cortical visual processing in area V1 and expands to higher (extrastriate) areas up to the motor

cortex (Lamme & Roelfsema, 2000). When a feedforward sweep reaches a cortical area, 

recurrent or feedback processing between neurons of that area and previously activated lower-

level areas sets in, resulting in a reverberation of neural activation. However, as the author 

states, stimuli which are rendered invisible by a backward mask, elicit feedforward activation 

up to the motor cortex but no recurrent processing as the backward mask exerts a suppressive 

effect on it. This has led Lamme (2003) to conclude that feedforward activation alone is not 

sufficient to bring about visual awareness, recurrent processing is also necessary. 

Taken together, according to Lamme (2003) the explained theoretical and neural 

arguments support a distinction between attention and awareness: Attention as a selective 

mechanism is subject to the actual configuration of the brain network which is shaped by 

factors like memory. Awareness on the other hand rests upon recurrent/feedback interactions 

between visual areas and areas responsible for motor or mnemonic functions.            

As mentioned above, additionally to classical methods like recording of behavioral 

measures such as reaction times (RT), today’s researchers use the possibilities of newer tools 

and methods and naturally, they also do so when it comes to research on the mechanisms of 

conscious and unconscious visual perception. For instance, with the help of 

electroencephalography recording of electrical brain activity from the scalp surface with a 
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temporal resolution in the range of milliseconds is possible (EEG; for a more detailed 

description of this method, see the next section 2.3): Analysing stimulus-locked brain activity 

by means of comparing event-related potentials (ERPs) from different experimental 

conditions enables tracking of cognitive processing in real time (Kiefer et al., 2011). 

Moreover, brain imaging techniques like functional magnetic resonance imaging, which rests 

on the hemodynamic response in brain regions (fMRI; for a more detailed description of this 

method, see the next section 2.3) with a better spatial resolution than that of EEG can be 

applied to obtain brain maps of neural activity during cognitive processing. Hence, the subject

of consciousness became amenable to empirical investigations so that there has been much 

progress in studying the cognitive and neural mechanisms on which the experience of a 

conscious visual percept is based (Kiefer et al., 2011). As has been said, conscious and 

unconscious visual perception is well suited to be explored experimentally as current 

laboratory technology provides for the possibility to precisely control the presentation of 

visual stimuli (Kiefer et al., 2011). The above outlined influential theories of consciousness 

by Dehaene and co-workers (1998; 2001) and by Lamme (2003) certainly contributed to 

spurring research in this field which proved to be very fruitful in that it enabled the 

characterization of the processing dynamics from the effects of unconscious stimuli to the 

formation of a conscious percept (Kiefer et al., 2011). As previously mentioned, a selection of

empirical findings regarding unconscious processing in various cognitive domains will be 

presented below when the different forms of unconscious processing are dealt with (see 

section 3.2). Today, the subject of consciousness is no more considered as an exclusively 

philosophical topic which should thus only be the subject of theoretical treatises of 

philosophers but constitutes an established field of research in experimental psychology and 

the neurosciences.

24



2.3 Measurement of brain activity in consciousness research 

The electroencephalogram (EEG). In psychological experiments, the recording of 

reactions times as a behavioral measure can shed some light on the functional properties of 

the neuro-cognitive system; however, being the output of an entire processing chain, they 

cannot be used for assessing cognitive processing in real time (Kiefer et al., 2011). 

Neurophysiological methods such as the electroencephalogram (EEG) with its excellent 

temporal resolution in the range of milliseconds on the other hand enable a closer look at the 

temporal course of cognitive processing (Kiefer et al., 2011). Thus, as a complementary 

method to the recording of reaction times, the EEG can be applied which offers the 

opportunity to extract stimulus-locked event-related potentials (ERPs). 

ERPs are very small changes of electrical cortical activity of neuronal assemblies which 

are caused by cognitive or sensory stimuli and which can be measured non-invasively by way 

of multiple electrodes placed along the scalp (Bornkessel-Schlesewsky & Schlesewsky, 

2009). They constitute a summation of synchronous activity of neuronal assemblies which 

exhibit a similar spatial orientation (Nunez & Srinivasan, 1981). Due to its high temporal 

resolution, the method of the EEG lends itself when the research question requires online 

monitoring of psychological processing (Bornkessel-Schlesewsky & Schlesewsky, 2009).

To obtain qualitative measures of various processes that can accrue from psychological 

stimulus processing, ERP components can be characterized along the following dimensions: 

(a) polarity (positive vs. negative), (b) topography (electrode site at which the effect is 

evident), (c) latency (the point in time after onset of the critical stimulus), and (d) amplitude 

(strength of the effect). One has to bear in mind that the method of the electroencephalogram 

only provides relative measures, i.e., possible effects must be understood as the outcome of a 

comparison between a critical condition and a slightly different control condition 

(Bornkessel-Schlesewsky & Schlesewsky, 2009).
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Functional magnetic resonance imaging (fMRI). The method of functional magnetic 

resonance imaging has been in use since the 1990s and rests upon strong magnetic fields that 

are created by the scanner and are able to produce images of biological tissue which are called

BOLD (blood oxygenation level dependent)-images and which are based on the 

hemodynamic response. The strength of the static magnetic field in the scanner is indicated in 

units of Tesla (for comparison, the magnetic field of the Earth is about 0.00005 Tesla); 

scanners with field strengths of 3 Tesla and more are now widely used (Huettel, Song, & 

McCarthy, 2009). 

The energy that neurons need to function is supplied by blood flow. The static magnetic 

field in the scanner aligns the hydrogen nuclei in the blood of the brain which absorb the 

energy. Then, a gradient magnetic field energizes the nuclei to even higher levels of 

magnetization. After the gradient magnetic field is removed, the nuclei move back into their 

original position, thereby emitting energy which is measured by a device (a coil). The 

resulting signal will be stronger the higher the blood flow in a brain region is. The 

hemodynamic response takes a few seconds to fully develop and to go back to baseline which 

demonstrates a limitation of the fMRI method – its poor temporal resolution. Thus, the 

recording of the hemodynamic response is not a direct measure of neuronal activity 

(description after Huettel et al., 2009).
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3. Unconscious perception

3.1 When does perception remain unconscious? 

Many researchers have devoted considerable efforts to determine the difference between

conscious and unconscious perception in neural terms. In the mentioned work by Dehaene 

and Naccache (2001) for instance it is postulated that visual awareness depends on two 

structural criteria based on cerebral anatomy: The presence of active information as expressed

in the firing of neuronal assemblies plus reciprocal connections to prefrontal workspace 

neurons to enable the formation of a sufficiently strong amplification loop in order to render 

information conscious (Dehaene & Naccache, 2001; Kiefer et al., 2011). As will be elaborated

on further below, similar approaches to understand the difference between conscious and 

unconscious perception have been made by other authors (e.g., Di Lollo, Enns, & Rensinck, 

2000; Lamme & Roelfsema, 2000) who assume recurrent processing as being crucial for a 

conscious percept to emerge.  

As Dehaene and Naccache (2001) firstly point out, stimuli can permanently remain 

unconscious for structural reasons. This is the case when the connections to the prefrontal 

workspace neurons are damaged or absent. One example for a lack of consciousness due to 

structural constraints comes from patients with visual neglect. Here, active processing of 

neglected information in neuronal assemblies does still take place but the lesion in parietal 

areas prevents top-down amplification of this activation because the transfer into the 

workspace cannot be accomplished (Dehaene & Naccache, 2001).  

Secondly, the authors explain that stimuli can transiently be inaccessible to 

consciousness. This is for instance the case in masked priming paradigms, where by the use of

current technology the temporal dynamics of visual processing are exploited (Kiefer et al., 

2011). Visual stimuli can be rendered invisible (subliminal) by masking stimuli that (precede 

and) follow the prime stimulus (Kiefer et al., 2011). These masking stimuli are assumed to 

prevent the consolidation of a conscious percept within the visual system (e.g., Breitmeyer & 

27



Öğmen, 2006; Kiefer et al., 2011). As has been described above, the ‘global workspace 

theory’ (Dehaene, Kerszberg, & Changeux, 1998; Dehaene & Naccache, 2001) claims that 

active neuronal assemblies have to be involved in a self-sustained long-distance loop of 

activation: The active neuronal assemblies receive top-down signals from active workspace 

neurons whose activity in turn is held up by bottom-up signals from active processor neurons. 

According to the authors, to set up such a closed loop, there are two thresholds in human 

information processing that have to be dealt with. Firstly, a stimulus has to possess a minimal 

duration to cause any differentiable activity at all. Secondly, to overcome the consciousness 

threshold, the activation caused by the stimulus has to last longer to be able to be mobilized in

the workspace and to reach a self-sustained state. Neural activation by stimuli that rests in 

between these two criteria can cause temporal influences on neural firing and some 

propagation in brain circuits but remains unconscious as is the case in subliminal processing 

of masked primes (Dehaene & Naccache, 2001).   

Visual masking poses a commonly applied and powerful tool to probe perceptual 

mechanisms on which visual processes are based (Enns & Di Lollo, 2000). A mask that is 

presented spatially or temporally close to a target reduces or abolishes its conscious visibility 

(Enns & Di Lollo, 2000). ‘Crowding’ is a sort of masking that refers to spatially adjacent non-

target stimuli which can reduce the visibility of a target stimulus (Enns & Di Lollo, 2000; 

Huckauf, 2007). Procedures with temporally trailing masks, i.e., when there is a time gap 

between the target and the mask (backward masking), are also widely used (Enns & Di Lollo, 

2000). In this sort of masking, briefly presented target stimuli which are visible when shown 

by themselves, completely lose their visibility by the subsequent presentation of a mask in the

same (or nearby) spatial location. Backward masking exerts its strongest effect when a brief 

temporal gap is inserted between the target and the mask (Enns & Di Lollo, 2000). There are 

several sorts of masks, depending on the spatial relationship that exists between the mask 

pattern and the contour of the target (Enns & Di Lollo, 2000): Metacontrast masks are applied
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in a type of masking procedure where the mask shares the same but non-overlapping contours

with the target (as are used for instance by Klotz & Neumann, 1999, below; see (A) in figure 

1) while pattern masking refers to a situation where the contours of the mask are spatially 

superimposed (like in the experiments reported in the experimental section of this work; see 

(B) in figure 1). Finally, so-called four-dot masks (see (C) in figure 1) consist of four dots 

which surround but do not touch the masked target (Enns & Di Lollo, 2000). Examples for 

masking procedures are illustrated in figure 1. 

        

Figure 1: Depending on the spatial relationship that exists between the contour of the target and the mask pattern, there are several sorts of 

masks. (A) Metacontrast mask, where the mask shares the same but non-overlapping contours with the target. (B) Pattern mask, where the 

contours of the mask are spatially superimposed. (C) Four-dot mask, where four dots surround but do not touch the target.

As has been mentioned earlier, Lamme and colleagues (e.g., Lamme & Roelfsema, 

2000) have also addressed the topic of conscious and unconscious visual processing. These 

authors state that it is not particular brain areas or pathways that are responsible for the 

emergence of a conscious percept but that – as said – the differentiation between feedforward 

29



and recurrent/feedback processing leads to a better understanding of the mechanisms that 

underlie conscious and unconscious visual perception. Masking of a stimulus prevents its 

visibility which allows for the inference that information coming in later is capable to affect 

earlier stimuli in the visual system in that they do not become aware (Lamme & Roelfsema, 

2000). The authors discuss two possible explanations that could account for this observation: 

On one hand, there are studies (e.g., Rolls, Tovée, & Panzeri, 1999) that have shown that a 

backward mask can reduce the number of firing neurons in the visual cortex during the 

feedforward sweep with a greater reduction in firing the closer in time the backward mask 

follows the stimulus. On the other hand, Pollen (1999) argued that it is in the phase of 

recurrent processing where the cause for this effect is to be searched for. The mask 

presumably interrupts the feedback interaction between lower and higher visual areas: 

Information in lower visual areas originating from the mask ‘collides’ with feedback 

information from higher areas originating from the earlier presented masked stimulus. The 

resulting mismatch thus prevents further processing of the masked stimulus which then 

remains unaware (Pollen, 1999). A patient study by Fisch et al. (2009) with subdural 

electrodes adds evidence to this rationale. The authors measured recognition of briefly 

presented objects which were followed by a backward mask. Fisch et al. (2009) found that 

successful recognition was specifically associated with increased gamma wave activity 

(neural oscillation with a frequency of 30-70 Hz) and evoked responses taking place 150-200 

ms after stimulus onset that consistently outlasted stimulus duration. The authors thus argue 

that these observations indicate a rapid increase in recurrent neuronal activity which is 

essential for the formation of a conscious percept. Lamme and Roelfsema (2000) remark that 

the explanation by a re-entrant framework suits well with the observation that even masks, 

which are presented at longer time intervals after the masked stimulus, prove to be effective in

that they prevent its visual awareness.
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Research on visual masking done by the group around Di Lollo (Di Lollo, Enns, & 

Rensink, 2000; Enns, 2004) supports the notion of reentrant processing being the key factor 

for a visual percept to become conscious. Conducting a series of masking studies, Di Lollo et 

al. (2000) found that during masking two processes must be at work: The early first and fast-

acting process is determined by physical stimulus factors and serves object formation. The 

second, later masking process is subject to attentional factors like set size and the authors 

termed this later process as ‘object substitution’, leading to the object substitution theory (Di 

Lollo et al., 2000). According to the authors, object substitution theory says that the mask 

substitutes the masked target in the consciousness of the observer which is explained by a 

mismatch between the reentrant visual information of the target and the newer low-level 

visual activity elicited by the mask, thus preventing awareness of the target. Computational 

modeling of iterating reentrant processing yielded a very good fit of the data thus suggesting 

that long standing accounts of feed-forward processes being the crucial phase for 

consciousness to emerge come to lose their convincibility (Di Lollo et al., 2000; Enns, 2004). 

        

3.2 Forms of unconscious processing and evidence

3.2.1 Visuo-motor processing

Unconscious visuo-motor processing as part of vision science has preferentially been 

investigated by means of the response priming paradigm (e.g., Neumann & Klotz, 1994) to 

provide answers regarding visuo-motor control, visual attention and the dissociability of 

visual awareness and rapid motor activation (Schmidt, Haberkamp, & Schmidt, 2011).   

As said, masked priming paradigms have been a suitable tool for studying automatic 

processes elicited by unconsciously perceived stimuli since prime stimuli can be rendered 

invisible by presenting a mask after a briefly presented prime stimulus (Kiefer et al., 2011). 

Although masked primes are usually not consciously perceived, they nevertheless elicit 

facilitatory effects on the processing of a subsequently presented visible target (Kiefer & 
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Martens, 2010). Brain areas which subserve visuo-motor priming are occipito-parietal regions

of the cortex also denoted as the dorsal pathway of visual processing (Jaśkowski, Skalska, & 

Verleger, 2003; Kiefer, 2007; Milner & Goodale, 1995); moreover, the motor cortex and the 

basal ganglia (BG) are involved in visuo-motor processing (e.g., Buckner et al., 1998; Toni & 

Passingham, 1999). A closer description of these brain areas is presented in the following 

paragraphs. 

Processing of visual information is performed in the visual cortex. The primary visual 

cortex (also referred to as striate cortex or V1) is located at the top end of the back of the 

brain in the occipital lobe. Adjacently, in the parietal cortex and towards the temporal lobes, 

the extrastriate visual cortical areas are located (also referred to as V2, V3, V4, and V5; e.g., 

Müsseler, 2008). According to Ungerleider and Mishkin (1982), visual processing in the brain

is characterized by a duality of processing between ventral and dorsal cortico-cortical 

pathways: The ventral stream (comprising V1, V2, V4 and the inferior temporal cortex) is 

said to be more involved in object recognition (“what”) while the dorsal stream (V1, V2, and 

V5) is thought to be responsible for spatial vision and action (“where”). 

Patient studies corroborate the distinction between a ventral and a dorsal pathway of 

visual processing. Patients with lesions in the ventral stream for instance show deficits in 

naming objects while grasping movements towards an object or motion recognition remain 

intact (e.g., Hillis & Caramazza, 1995). However, the two visual systems do not work 

separately but in a highly interdependent manner such that both object recognition and goal-

directed behavior rest on the integrated function of both the dorsal and the ventral stream of 

visual processing (Grèzes & Decety, 2002).           

Visuo-motor processing is tightly linked to the motor cortex. The human motor cortex is

part of the cerebral cortex and is coarsely segmented into three parts. It comprises the primary

motor cortex (also referred to as M1), the lateral premotor area (or premotor cortex; PMC) 

and the supplementary motor area (SMA) with each of these areas directly projecting to the 
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spinal cord. Additionally, the premotor and supplementary motor areas, which are responsible

for coordinating and planning complex movement sequences, receive input from the posterior

parietal and prefrontal cortex and pass this information to the primary motor cortex (this 

description of the motor cortex is extracted from a description by Kandel, Schwartz, & Jessel, 

1995).  

Remarkably, the primary motor cortex is organized in a somatotopical manner which 

means that neighboring regions of the body are represented as neighboring regions on the 

primary motor cortex as well (e.g., Lotze et al., 2000). Hence, the human body is mapped on 

the primary motor cortex in a smaller scale which is commonly referred to as the ‘homuncule’

(e.g., Penfield & Rasmussen, 1950). The proportions of this homuncule, however, do not 

correspond to the proportions of the real body parts but to the required fineness of motor 

functioning and dexterity which certain body parts are endowed with (e.g., the hand or the 

speech apparatus occupy larger portions of the primary motor cortex) in order to be able to 

execute movements successfully (see also, Lotze et al., 2000). 

An important role in motor function also play the basal ganglia (BG), a subcortical 

group of nuclei situated around the thalamus. The basal ganglia maintain various connections 

within the brain such as to the thalamus and cerebral cortex and consist of the putamen and 

the nucleus caudatus, which together form the striatum, and the globus pallidus. These nuclei 

maintain important connections to the substantia nigra and the nucleus subthalamicus with 

what they constitute a functional unity. Via the striatum, the BG receive strong afferent 

projections from a multitude of cortical areas. This input is passed on to other parts of the 

basal ganglia such as the globus pallidus which projects to a number of prefrontal and motor-

related areas and thus constitutes a main output instance to the motor system via the thalamus.

A prominent example for a disturbance of motor functioning is Parkinson’s disease 

(Parkinson, 1817), a neurological condition which is characterized by movement-related 

disorders like rigidity, shaking and very slow movement and which is caused by death of 
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dopamine-generating cells in the substantia nigra; until today, the cause of this cell death is 

not entirely clear (this description of the basal ganglia is extracted from a description by 

Konczak, 2008).

Many neuroimaging and patient studies have documented the role of the basal ganglia in

action-related functions (e.g., Ell, Hélie, & Hutchinson, 2011; Toni, Rowe, Stephan, & 

Passingham, 2002). The BG are involved in a bundle of processes which are associated with 

actions and their prerequisites or precursors. These are (among others) crucial functions like 

reward-based learning, exploratory and goal-oriented behavior, motor preparation, timing, 

action gating and action selection (Chakravarthy, Joseph, & Bapi, 2010).

As mentioned, visuo-motor processes have predominantly been explored in the frame of

response priming paradigms. In response priming, subjects are instructed to react as fast and 

as accurately as possible to a primed target stimulus. Prime and target indicate either the same

(e.g., a right hand key press) or a different motor response while stimuli are arbitrarily 

assigned to the motor response and show no meaningful relation which illustrates the 

flexibility of priming and thus the impact of unconscious processing (Kiefer et al., 2011). 

Classically, geometrical shapes are used as primes and targets which are assigned to 

alternative responses so that the prime-target pairs can be congruent or incongruent regarding 

their assigned response alternatives; volunteers then typically have to decide whether the 

visibly presented target stimulus calls for a right- or left-hand key press (Kiefer et al., 2011). 

Response priming effects consist of faster responses to targets (and fewer errors) when the 

prime indicates the same rather than a different key response and arise from automatic visuo-

motor response preparation elicited by the unconsciously perceived masked prime (Kiefer et 

al., 2011). The reaction time difference between congruent and incongruent trials constitutes 

an indirect measure because it reflects prime processing indirectly by way of its priming 

influence on target response latencies whereas a direct measure of prime processing is 
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provided by means of the performance in the prime detection task by assessing prime 

visibility directly (Ansorge, Becker, & Breitmeyer, 2009).   

One classical work on unconscious visuo-motor processing is the study by Klotz and 

Neumann (1999; Experiment 1) where the metacontrast priming procedure was used. Let us 

recall one more time that metacontrast masking constitutes a case of backward masking with 

spatially adjacent but non-overlapping stimuli (see, Enns & Di Lollo, 2000), i.e., the target 

serves as a mask at the same time and renders the prime invisible. Participants in the study 

were presented with a pair of geometric shapes in each trial (in half of the trials, a square and 

a diamond were left and right from fixation, in the other half of the trials this arrangement was

the other way around). Participants were instructed that one of these shapes served as a target 

and they were told to respond by key press whether the target shape was left or right. These 

visible shapes were preceded by invisible primes, which were just smaller exemplars of the 

visible shapes. In congruent trials for instance, the pair of invisible primes were one smaller 

diamond and one smaller square which were presented at the same respective positions as the 

upcoming target/mask. In incongruent conditions on the other hand, these primes were shown 

on opposite positions compared to the upcoming target/mask. Finally, in a neutral condition, 

the primes consisted of two non-target-like shapes.

Klotz and Neumann (1999) expected that in the congruent condition, where the invisible

target-like prime was at the same location as the target, responses should be faster as the 

prime was to prepare the same response as was required for the upcoming target. In the 

incongruent condition, response interference and thus a slowing down of reaction times was 

expected because the prime prepared the opposite key press than would be required to 

complete the target task successfully. These hypotheses were perfectly confirmed by the 

results and were explained by the concept of direct parameter specification (DPS; Neumann, 

1990), which will be elaborated on in further detail below.
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Eimer and Schlaghecken (1998; Experiment 1a) also addressed the topic of influences 

of masked stimuli on motor activation. Additionally to behavioral measures like reaction 

times, they administered electrophysiological recordings (EEG) in order to obtain more direct 

data to see whether masked primes would exert an effect on response-related processes. As an

electrophysiological measure of motor activation the lateralized readiness potential (LRP; for 

details see, Coles, Gratton, & Donchin, 1988) was recorded from sites over the motor cortex 

which presumably represents the degree to which left- or right-hand responses are activated 

(Eimer & Schlaghecken, 1998). Moreover, Eimer and Schlaghecken (1998) used a somewhat 

different experimental procedure. Their stimuli sequence consisted of masked primes which 

were shown before the appearance of a target (i.e., prime – mask – target) with all stimuli 

presented centrally. The results showed that the masked primes had profound influence on 

behavioral performance and motor activation. Interestingly, the direction of the impact of 

masked primes was contrary to what the authors had expected. In congruent trials, where 

primes and target were identical (repetition priming), reaction times were slower than in 

incongruent trials where primes and targets were mapped onto opposite responses. The LRP 

pattern exhibited a multiphasic course: At first, there was an activation of the response 

assigned to the invisible prime which was followed by LRP deflections of the opposite 

polarity in a time interval corresponding to target identification and selection of the correct 

response. As could be seen from the event-related potentials (ERPs), in incongruent trials then

there was a fast activation of the correct response (leading to performance benefits) while in 

congruent trials the correct response was delayed which entailed performance costs. How 

could such findings be accounted for? Eimer and Schlaghecken (1998) assume that a response

initially triggered by a prime is selectively inhibited thus leading to RT costs in congruent 

trials and a competitive advantage in incongruent trials. Additional support for this 

explanation comes from error rates which are lower in incongruent trials: The authors argue 

that it is unlikely that the (initially triggered, but subsequently inhibited) incorrect response 
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will be erroneously carried out. Eimer and Schlaghecken (1998) conclude that a mechanism 

of inhibition seems to inhere in cognitive processing during this particular procedure which 

could be specific to the visuo-motor control system: This system is assumed to process 

information continuously online (Milner & Goodale, 1995) and probably interrupts ongoing 

response activation processes when sensory input is abruptly eliminated as is the case when 

the mask is presented. Nevertheless, in their studies Eimer and Schlaghecken (1998) have 

demonstrated that unconsciously perceived stimuli can exert a strong effect on behavioral 

measures and motor activation as evidenced in reaction times and also electrophysiological 

recordings.

Another example for the powerful influence of masked primes on motor activation is 

illustrated by a work of Vorberg, Mattler, Heinecke, Schmidt, and Schwarzbach (2003) using 

the metacontrast masking procedure. In a first experiment, they systematically varied the 

temporal distance between the prime and the mask (stimulus onset asynchrony, SOA; range 

from 14 ms to 84 ms) and found that the masked primes produced strong effects on the 

reaction times of responses to the mask, although primes remained invisible as assessed by 

recognition tests: Congruent primes facilitated responses to the mask while incongruent 

primes slowed responses down with larger priming effects the longer the SOA was. In the 

second experiment, Vorberg et al. (2003) aimed to investigate whether this effect genuinely 

indicates separate mechanisms for conscious perception and motor action or whether different

sensitivity ranges of the direct (recognition test) and indirect (reaction times to mask) measure

are responsible for it. Thus, in addition to SOA, the authors systematically varied prime and 

mask durations rendering primes more visible to be able to assess whether the dissociation of 

masking and priming also holds for visible (supraliminal) primes. As expected, their results 

show that reducing mask and increasing prime duration brings about much higher recognition 

rates; the shorter the mask duration was the weaker the perceptual masking turned out to be. 

Varying the prime duration on the other hand, yielded qualitative changes in masking 
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dynamics: Short primes were recognized better the longer the SOA was while with longer 

primes recognition was better at shortest SOAs. Strikingly however, the priming effects as 

expressed by reaction time differences between congruent and incongruent trials were quite 

similar to the ones in Experiment 1 and remained stable across varying prime and mask 

durations. Vorberg and colleagues (2003) thus conclude that a dissociation of conscious 

perception from motor effects cannot be accounted for by assuming that masking and priming

rest on common underlying process as invariant priming was found for different types of 

masking which implies visuo-motor mechanisms for which conscious perception is not 

necessary.           

3.2.2 Semantic processing

Unconscious semantic processing is investigated by means of semantic priming 

procedures. In semantic priming (Neely, 1991) primes and targets consist of words or pictures

which show or do not show a meaningful relation in the respective conditions. A meaningful 

relation for instance is ‘orange – apple’ (congruent condition) while ‘paper – trousers’ 

constitutes an example for an incongruent condition since the words are not meaningfully 

related (Kiefer et al., 2011). An unconscious semantic priming effect consists of faster 

responses to targets when they are preceded by semantically related primes than when targets 

are preceded by semantically unrelated primes (Kiefer et al., 2011). Masked semantic priming

effects arise from unconscious access to the meaning of the prime which automatically pre-

activates the semantic representation of the target (Kiefer et al., 2011). Semantic priming rests

on brain areas located in the inferior and anterior ventro-medial temporal cortex which are 

also referred to as the ventral pathway of visual processing (Nobre & McCarthy, 1995; Kiefer,

2007).     

As much as in response priming, in the field of semantic priming of words or pictures 

there exists a plethora of studies. One work which nicely illustrates the idea of unconscious 
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facilitation of meaning processing of words is a study by Kiefer (2002). Here, volunteers 

performed lexical decision tasks (word/pseudoword decisions) on target words which were 

preceded by masked and unmasked prime words. As expected, a significant semantic priming 

effect was found in behavioral measures: Reaction times in the target task for related word 

pairs were faster than to unrelated word pairs which holds for both masked and unmasked 

trials. Additionally, the centro-parietal N400 ERP component in the EEG – an 

electrophysiological index of semantic processing (Kutas & Hillyard, 1980) – was also 

modulated by subliminal semantic priming effects: Negative deflections for related word pairs

were less pronounced than for unrelated word pairs. The study by Kiefer (2002) shows that 

both the N400 ERP component and behavioral measures such as reaction times are sensitive 

to unconscious automatic semantic processes and not only to conscious strategic processes 

(Kiefer, 2002).

3.2.3 Visuo-spatial processing 

Until now, the field of unconscious visuo-spatial processing has less been a matter of 

scientific exploration. Analogously to unconscious visuo-motor and semantic processing, 

unconscious visuo-spatial processing is assumed to benefit from a spatial priming procedure 

where words with a spatial meaning (e.g., ‘below’) or pictures with spatial characteristics 

(e.g., objects depicted on certain locations of the picture) should facilitate a subsequent spatial

decision task. In a study by Ansorge, Kiefer, Khalid, Grassl, and König (2010) it could be 

demonstrated that invisible spatial prime words which precede visible spatial target words 

evoke significant congruence effects in that a spatial response is facilitated (i.e., is faster) 

when both prime and target refer to the same spatial dimension (e.g., down – under). The 

neuroanatomical correlate of spatial priming is represented by brain regions which are located

in the occipito-parietal cortex, also known as the dorsal pathway of visual processing, which 
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support localization of objects in space and motor responses like grasping movements towards

objects (Kiefer, 2007; Milner & Goodale, 1995). 

3.2.4 Affective processing  

Unconscious affective processing has likewise been explored by means of priming 

paradigms where emotionally valent (i.e., positive or negative) words or pictures are 

presented subliminally in order to unconsciously prepare subsequent decisions on the valence 

of visible target words or pictures. When prime and target possess the same valence, i.e., both 

hold positive or negative connotations (congruent condition), reactions to the target stimulus 

are faster and less error-prone than in the incongruent condition, where prime and target share

the opposite valence (e.g., Fazio, Sanbonmatsu, Powell, & Kardes, 1986; Hermans, De 

Houwer, & Eelen, 1994). 

Immediate evaluative reactions within cognitive processing have been postulated to be 

important in the context of social situations such as judgments of trustworthiness of others 

(Niedenthal & Cantor, 1986) or, from a broader evolutionary point of view, to enable the 

organism to automatically assess environmental stimuli or circumstances as good or bad for 

oneself and one’s survival (e.g., Tooby & Cosmides, 1990). The extent to which affective 

processing proceeds in an automatic manner and poses an unconditional phenomenon (see, 

Bargh, Chaiken, Govender, & Pratto, 1992) has long been a matter of debate. However, there 

is accumulating evidence that affective priming can be modulated by feature-specific attention

allocation. Spruyt and colleagues (Spruyt, De Houwer, & Hermans, 2009; Spruyt, De 

Houwer, Hermans, & Eelen 2007) for instance showed in several studies that by varying 

attention allocation to particular attributes of a stimulus by task instruction a significant 

affective priming effect can be elicited or not. 

An essential brain structure involved in affective processing is the amygdala (see for 

instance, Whalen et al., 1998; Williams et al., 2006), which is deemed responsible for 
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assessing the emotional arousal a stimulus evokes (e.g., Gläscher & Adolphs, 2003). The 

amygdala consists of several subcortical nuclei embedded in the medial temporal lobes and is 

regarded as pertaining to the limbic system (e.g., LeDoux, 1995).

Using an affective priming paradigm with random letter strings as masks, Greenwald, 

Klinger, and Liu (1989) had subjects decide whether each of a series of target words was 

positively connoted (e.g., fame, comedy, rescue) or negatively connoted (e.g., stress, detest, 

malaria). Each target word was preceded by an invisible positive or negative prime word. 

Significant masked priming effects were obtained: Affective decisions to congruent prime – 

target pairs (for instance, kitten – fame) were significantly faster than those to incongruent 

(e.g., death – comedy) combinations. Moreover, when subjects were to indicate the position 

of the masked words, their position judgments conformed at a significant level to the affective

connotation of masked words that could only be located with chance-level accuracy. 

Greenwald et al. (1989) thus demonstrated that the affective meaning of invisible words not 

only influences subsequent evaluative judgements of above-threshold words but also 

judgements of the position of the invisible words.

4. Characteristics of unconscious processing: Theories of automaticity

4.1 Classical theories of automaticity

Unconscious processing as evidenced by the doubtless influence of invisible primes on 

the reactions on visible targets is a typical example for an automatic process since the impact 

of intended, controlled processes can be precluded (Kiefer, 2007; Kiefer et al., 2011). As has 

been said at the outset, in psychology human cognitive top-down control is traditionally 

considered to appertain exclusively to the domain of conscious cognition (Posner & Snyder, 

1975; Schneider & Shiffrin, 1977). These classical theories posit that automatic processes (a) 

are unconscious, (b) can proceed in parallel, (c) work regardless of limited attentional 

resources, and (d) are not subject to interference from other processes (Posner & Snyder, 
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1975; Schneider & Shiffrin, 1977). As has been mentioned, unconscious processes in this 

context are defined as those processes for which individuals cannot report properties of the 

eliciting stimuli and/or characteristics of the process in question. Thus, in this classical view 

of automaticity, unconscious automatic processes are supposed to operate independently of 

the current state of the cognitive system and of top-down influences such as attentional 

resources, intentions or task sets in an invariant stimulus-driven fashion (Kiefer & Martens, 

2010). 

4.2 Refined theories of automaticity and evidence

This classical view of automaticity has increasingly been called into question. On one 

hand, there is no direct empirical evidence for this classical view (Kiefer & Martens, 2010). 

On the other hand, nearly all kinds of cognitive processes are susceptible to attention so that 

they would have to be classified as ‘controlled’ and, as a consequence, a differentiation of 

controlled and automatic processes would be obsolete (Kiefer & Martens, 2010). 

Beyond that, by the classical view our cognitive system would be characterized by 

considerable rigidity (Kiefer & Martens, 2010): Unconscious processes would permanently 

interfere with conscious task-relevant information so that the cognitive system would have to 

exert substantial control efforts to inhibit interfering response tendencies and to enable goal-

directed behavior (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Kiefer & Martens, 

2010).      

In the following sections, I will present recent refined theories of automaticity which 

allow for more flexibility and adaptability in unconscious information processing. These 

theories have in common that they presume that the cognitive system has to be configured in a

certain way for automatic processes to occur (Kiefer & Martens, 2010). Thereby, automatic 

processing is subject to higher-level top-down influences such as attention, intentions and task
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sets which direct processing streams for the sake of optimization of task execution (Kiefer & 

Martens, 2010).   

      

4.2.1 Theory of direct parameter specification (DPS)

As has already been mentioned above, in the area of unconscious visuo-motor cognition 

Neumann (1990) introduced his theory of direct parameter specification (DPS) which 

explicitly cites the idea of top-down control of automatic processing. 

Neumann (1990) argued that perception should not be understood as a processing stage, 

but as a category of actions which serve to build and update an internal representation of our 

environment and that sensory information by itself can be used for action control without 

being mediated by perception (direct parameter specification). According to the author, 

unconsciously registered information from the environment is used if it completes an open 

parameter of an action plan which must be set up in advance of the onset of the unconscious 

stimulus, thus unconsciously triggering a prepared response. Such stimuli will only be used 

and influence the reaction to a target inasmuch as they match current intentions and goals 

(Kiefer & Martens, 2010; Neumann, 1990).  

Take, for instance, the above mentioned experiment by Klotz and Neumann (1999) 

assessing unconscious visuo-motor processing using diamonds and squares as stimuli. DPS 

theory would assume here that during the experiment participants acquire the stimulus-

response mappings so that the motor response can be determined except the critical stimulus 

feature (i.e., diamond or square). The critical stimulus feature then is provided by the prime 

and defines the last parameter amiss, namely whether a left or right key press is required. The 

response occurs rapidly and directly without the need of awareness of the stimulus (Neumann,

1990). Visuo-motor priming effects are hypothesized to be based on the similarity of the 

prime’s and the target’s attributes so that they both elicit the same parameter specification 

processes (Neumann, 1990). Crucially however, the most important contribution to the 
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influence of invisible prime stimuli is constituted by the intention of a subject as governed by 

task instruction. This central tenet of the DPS theory is further corroborated by a work of 

Ansorge and Neumann (2005) that tested the intentional account against intention-

independent, bottom-up processing of the prime. In a series of experiments, the authors 

systematically varied similarity of prime and target features and the task-relevant stimulus 

dimension by instruction. Their results conformed to the predictions of the DPS theory in that 

it could be shown that congruence effects of invisible primes crucially depended on the task 

that volunteers were instructed to perform, i.e., an intention (as instilled by task instruction) 

essentially determines whether an invisible prime exerts its influence. If the attribute of an 

invisible prime does not suit to an open parameter of an action plan, no priming effect will be 

obtained (Neumann, 1990). 

4.2.2 Action trigger account

The action trigger account was developed by Kunde, Kiesel, and Hoffmann (2003) and 

holds that unconscious primes elicit reactions inasmuch as they suit pre-stimulus action-

trigger sets and that it is not acquired stimulus-response mappings or semantic analysis of the 

primes that evoke the responses to the unconscious primes.

According to the action trigger account, responses are prepared and elicited in two 

subsequent phases: To begin with, the action triggers, which are determined by instruction, 

are held in working memory and have the potential to evoke certain motor responses. 

Secondly, the cognitive system checks the trailing stimulus against the action release 

conditions. A response is automatically elicited by the pre-determined action triggers if the 

stimulus suits the trigger conditions (Kunde et al., 2003).   

Kunde et al. (2003) argue that it is not the stimulus itself which is the real origin of 

action but that the effect of subliminal information is constrained by pre-stimulus intentions. 

The authors suggest that the cognitive system classifies existing representations of external 
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events into adequate release pre-conditions for task-specified response alternatives and, 

importantly, reactions can also be evoked by prime stimuli which are not encountered as 

targets but fit into trigger conditions. 

Kunde et al. (2003) had volunteers classify a target number as smaller or larger than 

five. Target stimuli were the numerals 1, 4, 6, and 9; masked primes, however, consisted of 

the numerals 1-9, excluding 5. Moreover, prime – target pairs differed in whether their 

notation was the same, i.e., whether they were both in Arabic or spelled-out format or not. 

Their results showed the expected priming effect with faster responses to congruent trials than

to incongruent trials and this effect extended to unseen primes and endured a notation 

mismatch between prime and target. In addition, reaction times did not depend on the 

numerical prime – target distance, which implies that the primes were not processed insofar as

their localization in cognitive magnitude space was concerned, thus casting doubt on a 

semantic level of priming (Kunde et al., 2003). The authors explain the extension of priming 

to unseen numerals by a theory which considers numbers as being organized along a ‘quasi-

spatial mental number line’ (e.g., Galton, 1880). Thereafter, when a magnitude judgement is 

required, action triggers are based on the mental number line and the extension of priming to 

unseen numerals may be viewed as the incidental incorporation of these numbers in subjects’ 

action-trigger sets (Kunde et al., 2003).

As could be seen now, the notion of a pre-existing intention being crucial for masked 

priming effects to occur inheres in both the DPS theory of Neumann (1990) and the action 

trigger account propounded by Kunde et al. (2003). A difference between these two theories 

lies in the explanation of the way the motor response is prepared and elicited. While the DPS 

theory states that it is in the frame of established stimulus-response mappings that one 

stimulus directly triggers a prepared response, the action trigger account assumes a loop over 

working memory where a set of pre-determined action triggers is checked against a trailing 

stimulus whether it fulfils release conditions. However, the action trigger account could 
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enable a better understanding of the precise conditions of response priming as – for instance –

it has been shown that priming can also extend to unseen stimuli thus rendering the view of a 

stimulus to be the ultimate origin of action inappropriate (Kunde et al., 2003).   

4.2.3 The attentional sensitization model of unconscious cognition

As shown, there is increasing evidence that unconscious automatic processes can be 

influenced by top-down control (e.g., Ansorge & Neumann, 2005; Kunde et al., 2003) but to 

date there is no unified theory that covers various top-down factors and forms of automatic 

processes (Kiefer & Martens, 2010). Neumann’s DPS theory (Neumann, 1990) solely deals 

with response preparation in the context of action intentions while the action trigger account 

proposed by Kunde et al. (2003) has until now been tested in the domain of numerical 

cognition only. Other recent theories (Dehaene, Changeux, Naccache, Sackur, & Sergent, 

2006; Naccache, Blandin, & Dehaene, 2002) are limited as to which top-down factors might 

exert influence on unconscious cognition; beyond that, the influence of attentional capacity, 

intentions or task sets is neglected (Kiefer & Martens, 2010).  

In the following paragraphs, as a further example for refined theories of automaticity, 

the attentional sensitization model of unconscious cognition by Kiefer and Martens (2010) is 

presented. This presentation is explicitly based on a comprehensive work by Kiefer and 

Martens (2010). 

In order to continue and expand the research on top-down control of unconscious 

cognition and to propose a general theoretical framework that covers several modulatory top-

down factors such as intentions, attention, and task sets across different forms of priming (for 

an overview, see Kiefer, Adams, & Zovko, 2012; Kiefer, 2012), the attentional sensitization 

model of unconscious cognition was proposed (Kiefer & Martens, 2010). The attentional 

sensitization model of unconscious cognition explains the influence of a broad range of top-

down influences other than action intentions such as task sets or stimulus expectations on 
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different forms of unconscious processing such as visuo-motor and semantic processing 

(Kiefer & Martens, 2010). 

The propounded model basically builds on findings regarding the functional and neural 

correlates of visual attention (Kiefer & Martens, 2010; for an overview, see Pessoa, Kastner, 

& Ungerleider, 2003). The basic idea is that conscious and unconscious perception is subject 

to similar computational principles and thus influenceable in similar ways (see, Kiefer, 2007).

Therefore, theories of top-down modulation applied to the field of conscious cognition (e.g., 

Botvinick et al., 2001; Hamker, 2005) can likewise be implemented in theories of top-down 

modulation of unconscious automatic cognitive processing (Kiefer & Martens, 2010). 

It follows that, as suggested in the proposed model (Kiefer & Martens, 2010), 

attentional influences originating from task sets enhance task-relevant unconscious processes 

while dampening task-irrelevant unconscious processes. Similar to attentional mechanisms of 

conscious perception, control of unconscious cognition is assumed to be exerted by increasing

or decreasing the sensitivity of processing pathways for incoming sensory input by prefrontal 

top-down signals (Kiefer & Martens, 2010; Reynolds, Pasternak, & Desimone, 2000). 

Thereafter, the gain of neurons in relevant brain areas is increased leading to facilitated 

processing in task-relevant pathways while a decrease of the gain in irrelevant brain areas 

leads to attenuated processing in task-irrelevant pathways. Gain is a parameter in neural 

network modeling which indicates the probability that a neuron fires at a given activation 

level: If gain is high, the probability of firing is increased in comparison to a situation where 

gain is low (Kiefer & Martens, 2010). Given a constant input, there is evidence that the 

likelihood of a neuron firing is higher when the stimulus dimension that is preferentially 

processed by the neuron is attended to (Kiefer & Martens, 2010; Treue & Martinez-Trujillo, 

1999). Thus, an attentional sensitizing mechanism such as the one delineated in Kiefer and 

Martens (2010) is expected to promote and attenuate information processing no matter 

whether the information is consciously perceived or not. 
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Kiefer and Martens (2010) conclude that automatic processes (a) are expected to depend

on attentional resources, and (b) are susceptible to top-down control in the form of task sets. 

According to the attentional sensitization model, conscious and unconscious stimulus 

processing is presumed to be orchestrated by the proposed mechanism in accordance with the 

current goals and task representations (Kiefer & Martens, 2010). 

However, despite the assumption that conscious and unconscious cognition share 

common computational principles and are thus malleable in similar ways, Kiefer and Martens 

(2010) noted that top-down control of conscious information processing is assumed to be 

more flexible. Hence, there is a differentiation between types of top-down control, namely 

between that of preemptive and reactive control (Ansorge & Horstmann, 2007; Kiefer, 2007). 

Pre-emptive control enables top-down influences to be instantiated before a stimulus is 

presented and can be applied to both conscious and unconscious stimulus processing. 

Reactive control on the other hand can only be applied to consciously perceived stimuli as a 

reaction to stimulus processing and thus enable deliberate strategic processing steps (Kiefer &

Martens, 2010; Merikle, Joordens, & Stolz, 1995).   

As proposed by Kiefer and Martens (2010), automatic processes can only be triggered 

by unconscious stimuli if the corresponding process matches an active attentional set which 

must be set up in advance as pre-emptive control. In order to test the attentional sensitization 

model of unconscious cognition, an induction task paradigm was developed (Kiefer & 

Martens, 2010).

In this paradigm, participants first perform a decision task which is expected to induce a 

corresponding task set (induction task). Thereby, task-congruent processing pathways are 

sensitized and potentially interfering task-incongruent information processing is dampened by

desensitizing task-irrelevant pathways. Belonging to executive functions, task representations 

are believed to be held in prefrontal cortical areas and to determine the gain of neurons for 

instance in visual and semantic association cortices, thus modulating the influence of 
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unconsciously perceived primes on further automatic processing (Kiefer, 2007) An outline of 

this gating framework is shown in figure 2. 

Figure 2: Gating framework: Task information (relevant stimulus dimension, spatial and temporal information etc.) held in prefrontal cortical

areas modulates the gain in neurons in sensory areas via long-distance connections. Hereby, processing pathways in congruency with the 

represented task information are emphasized while other processing pathways are attenuated (Kiefer, 2007).

The decision in the induction task (e.g., shape or semantic meaning of an object) is 

quickly followed by a subliminally primed target task. In the primed target task, either the 

same or a different feature of a stimulus as in the induction task is addressed. A differential 

priming effect in congruent trials should only be observed in the former case as the pathways 

for this process are sensitized by the induction task and thus processing is facilitated in the 

subliminally primed target task whereas in the latter case, where processing pathways are 

attenuated, no differential priming effect is expected to be found. As can be seen, the 

proposed paradigm offers the possibility to test the influence of attentional sets on 

unconscious processing in a very purposeful way as by means of the instantiation of task sets 

corresponding information processing is prioritized while the processing of task-irrelevant 

information is deemphasized (Kiefer & Martens, 2010). 
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As described, in this induction task paradigm different attentional sets are induced by 

means of decision tasks pertaining to different cognitive domains prior to a subliminally 

primed decision task. Evidence comes from a study, where Kiefer and Martens (2010) 

administered a perceptual (shape decision) vs. a semantic (living/non-living) decision task 

prior to a subliminally primed lexical decision task. As hypothesized, the authors found 

subliminal semantic priming effects on reaction times and the centro-parietal N400 ERP 

component (Kutas & Hillyard, 1980) only when a semantic task set was induced shortly 

before masked prime presentation while priming effects were absent following a perceptual 

task set. These results show that unconscious semantic priming, which draws upon access to 

the meaning of a word, benefited from a sensitization of semantic processing pathways as, 

according to the attentional sensitization model, the semantic induction task differentially 

sensitized processing pathways thus facilitating access to semantic meaning in the primed 

target task while semantic processing pathways in the perceptual induction task were 

desensitized leading to an absence of priming effects. 

The susceptibility of unconscious semantic processing to attentional top-down 

influences was further examined in a study by Martens and Kiefer (2009) where attentional 

processing capacity was manipulated by administering induction tasks of unequal difficulty: 

In the induction tasks, participants had to perform an easy primary task (deciding whether a 

word contained a capital letter) vs. a difficult primary task (indicating whether a word started 

or ended with a letter with an open or at least one closed shape) before a masked semantic 

priming task. Results showed that semantic priming was dampened when the primary task 

was difficult, i.e., when only scarce attentional resources were available. Martens and Kiefer 

(2009) view this finding as supporting refined theories of automaticity in that it indicates that 

unconscious automatic processing does depend on attentional resources and is influenceable 

by top-down control.
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In another two priming experiments, Adams and Kiefer (2012) tested the attentional 

boundary conditions of subliminal semantic priming by examining whether a phonological 

induction task (decision on word or letter phonology) also reduces masked semantic priming 

as compared to a semantic induction task. The authors report semantic priming effects only 

subsequent to the semantic induction task while either phonological induction task attenuated 

semantic priming. Adams and Kiefer (2012) hence argue that, irrespective of whether 

attention is drawn to the phonology of an entire word or a single letter, semantic processing is 

attenuated in a subsequent semantic priming task indicating that attentional orientation toward

semantics is a prerequisite for subliminal semantic priming to occur.     

Furthermore, using this induction task paradigm, Martens, Ansorge, and Kiefer (2011) 

not only demonstrated a differential attentional sensitization of unconscious semantic but also 

of unconscious visuo-motor processing. Two experiments were devised to test the differential 

modulatory influence of semantic and perceptual task representations on subsequent masked 

semantic priming of words (Experiment 1) and visuo-motor priming of geometrical shapes 

(Experiment 2). In the first experiment, prior to the subliminally primed semantic target task 

(word/pseudoword decision), semantic (living/non-living) or perceptual (object shape) 

classification tasks were presented block by block, which were to induce the corresponding 

attentional sets. In the second experiment, the influence of the same semantic and perceptual 

induction tasks was investigated on subliminal visuo-motor priming (see figure 3). 
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Figure 3: Temporal sequence of one trial in Experiment 1 and 2. The semantic induction task required a semantic object classification 

(living/non-living decision) while the perceptual induction task afforded a perceptual classification of object shape (circular/elliptical shape). 

The target word in Experiment 1 called for a lexical decision (word vs. pseudoword). In Experiment 2 the presented geometrical target object

afforded a left or right hand response depending on the shape of the target (after Martens, Ansorge, & Kiefer, 2011). 

Both behavioral and electrophysiological results conformed to expectations: Subliminal 

semantic priming effects were larger after a semantic than after a perceptual induction task, 

whereas subliminal visuo-motor priming effects showed the opposite pattern, i.e., were larger 

following the perceptual than following the semantic induction task. Recordings of the 

electroencephalogram (EEG) revealed an effect of semantic priming on the centro-parietal 

N400 component following the semantic induction task, indicating facilitated conceptual 

processing (Kutas & Hillyard, 1980). In the visuo-motor priming experiment, the perceptual 

induction task enhanced subsequent subliminal priming over occipito-parietal scalp sites (see 

also, Jaśkowski et al., 2003) compared with the semantic induction task. Thus, in contrast to 

semantic priming, unconscious visuo-motor priming of geometrical shapes which depends on 

access to visual form, benefited from a sensitization of visual perceptual pathways. These 

results clearly demonstrate that attentional task sets differentially modulate unconscious 

processing pathways for semantic and visual form information. This corroborates the core 
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idea of the attentional sensitization model of unconscious cognition (Kiefer & Martens, 2010) 

that attentional sets sensitize relevant processing pathways leading to facilitated processing of 

unconscious information in task-relevant pathways with a concomitant desensitization of task-

irrelevant pathways leading to attenuated processing.

As has been introduced above, other authors have also been addressing the issue of a 

top-down modulation of unconscious cognition. Ansorge and colleagues (Ansorge & 

Neumann, 2005; Ansorge et al., 2009) for instance examined how prior intentions determine 

the effect of invisible primes. In a series of metacontrast priming experiments they assessed 

whether a prior intention can modulate unconscious processing of shapes and colors, i.e., 

features which both belong to the perceptual domain. Volunteers were instructed to respond to

the shape or to the color dimension of stimuli which were preceded by masked primes which 

were either congruent or incongruent with respect to the stimulus dimension that was relevant 

for the target task. Results showed clear differences regarding shape- versus color-based 

congruence effects depending on the target task, i.e., a prime only facilitated the response to 

the target task when its feature (color or shape) was relevant in the target task. When the 

instruction was changed in a way that primes were not task-relevant, this congruence effect 

was absent (Ansorge & Neumann, 2005; Ansorge et al., 2009). Additional evidence 

demonstrating that top-down control of unconscious cognition can be exerted even on a fine-

grained scale comes from a study by Tapia, Breitmeyer, and Shooner (2010) who assessed the

role of attentional orientation to single stimulus attributes like shape and color during 

conscious and unconscious processing. Observers were asked to respond to those specific 

attributes of a target which was preceded by a masked or unmasked prime. The prime varied 

in its shape and color congruency relative to the target. Results showed that visuo-motor 

priming effects were obtained only when response requirements in the target task matched the

specific attribute of the prime. Task-irrelevant features of the prime did not elicit priming 

effects. Tapia and colleagues (2010) argue that task-irrelevant stimulus features can be 
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attentionally filtered out on a fine-grained scale even on an unconscious level and that stimuli 

can be processed unconsciously at an individual-feature level provided an appropriate 

attentional orientation is set up. This meshes with the observation that shape and color of 

objects are processed in different portions in the visual system (for a review, see Grill-Spector

& Malach, 2004; Miceli et al., 2001) and can be attended to and processed independently of 

each other (Boucart & Humphreys, 1994). 

  

5. Goal of this research and hypotheses

As we have seen now, there is evidence that the effects of invisible stimuli on automatic

sensory-motor response preparation within the masked response priming paradigm crucially 

depend on the intention to act: Response priming effects only occur if unconsciously 

perceived masked primes match current action goals (e.g., Ansorge & Neumann, 2005) or 

when they were expected and suited possible release conditions for prepared actions (Kiefer 

& Martens, 2010; Kunde et al., 2003). 

The goal of this research lies in further testing the assumptions of the attentional 

sensitization model which postulates a broader impact of activated task sets on unconscious 

automatic processing implying a task-dependent configuration of the whole cognitive system 

for the purpose of efficient completion of a given task (Kiefer & Martens, 2010). 

Specifically, it was firstly aimed at a finer grained dissociation of modulatory 

attentional influences on unconscious visuo-motor processing within the perceptual domain. 

In two ERP-experiments, a possible differential modulation of unconscious visuo-motor 

processing by attention to shape vs. color was investigated using the induction task paradigm 

described above. This paradigm has the advantage to assess the influence of previously 

activated task sets on subliminal priming while action intentions associated with the target 

task and relevance of prime features for the target task can be held constant. Prior to masked 

prime presentation, two different perceptual induction tasks, shape vs. color decisions on 
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visually presented objects, were administered in separate blocks to test the modulatory 

influence of these two kinds of attentional sets (see figure 4 in section 6.1.1.3). 

In Experiment 1, geometrical shapes used as primes and targets in the congruent 

condition afforded the same response, but had a different form to probe pure response 

congruency effects in the absence of stimulus repetition effects (see Experiment 2 in the work 

of Martens et al., 2011), whereas in Experiment 2 prime and target shapes were identical in 

the congruent condition (identity priming). According to the attentional sensitization model, 

visuo-motor priming effects, which depend on access to the visual form of an object, should 

only be observed following the shape induction task but not following the color induction 

task, which should deemphasize processing pathways devoted to the shape of an object. Such 

findings would demonstrate fine-grained influences of top-down control on automatic 

processing within the perceptual domain.

Furthermore, to assess the neuroanatomical correlates of masked visuo-motor priming, a

neuroimaging study by means of functional magnetic resonance imaging (fMRI) was 

conducted. Analogously to the two above described ERP-experiments, for the third 

experiment the paradigm especially developed to test the attentional sensitization model was 

applied. In order to sharpen up possible differential effects of induction tasks on masked 

visuo-motor priming, it was chosen to exchange the color induction task for a semantic 

induction task (living/non-living decision).

In most cases, functional neuroimaging studies demonstrated a decreased hemodynamic 

response for primed versus unprimed stimuli, such that net reductions in activity may be 

viewed as an index of priming (e.g., Buckner et al., 1998; Henson, 2003). As involved brain 

regions in visuo-motor priming, it is hypothesized to find differential net reductions in activity

following the shape induction task in the dorsal path of visual processing, i.e., in brain regions

stretching from early visual areas up to the posterior parietal cortex which are presumed to 

control motor guidance of aiming movements (e.g., Buckner et al., 1998; Jaśkowski et al., 
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2003; Kiefer, 2007). Moreover, a differential priming effect is expected to be found in cortical

output motor areas (e.g., Buckner et al., 1998). Finally, the basal ganglia (BG) play an 

important role in motor function. The change or shift of movements and behaviors takes place

in the basal ganglia and is governed by executive control of frontal brain areas (Toni & 

Passingham, 1999). Many neuroimaging studies have proved the basal ganglia to be a vital 

factor in action-related functioning. Results from an fMRI study by Toni et al. (2002) for 

instance indicate that forming and maintaining new associations between visual stimuli and 

motor responses does not modulate direct cortico-cortical visuo-motor pathways but that the 

basal ganglia play an integrative role in connecting cortical sensory representation with motor 

selection in order to bias motor programs (Toni et al., 2002). Thus, this brain area is also 

expected to be a top candidate for a differential priming effect following the shape induction 

task but not following the semantic induction task. According to the attentional sensitization 

model, the perceptual induction task should differentially sensitize perceptual processing 

pathways by prefrontal top-down signals and thus facilitate response selection in the BG 

while the semantic induction task should deemphasize processing pathways devoted to the 

shape of an object and hence should have no effect on visuo-motor priming.

The fourth experiment of this work was concerned with the susceptibility of 

unconscious emotional processing to top-down influences. Although numerous studies have 

demonstrated subliminal affective priming, to date the cognitive and neural mechanisms of 

this effect are not entirely comprehended. Unconsciously perceived emotional stimuli may 

have an influence via a set of processes like enhanced sensory processing or a change in 

attentional focus (Li, Zinbarg, Boehm, & Paller, 2008; Spruyt et al., 2007). In contrast to 

visuo-motor processing, which as said largely rests on cortical brain areas and the basal 

ganglia, affective processing crucially involves the amygdala (besides cortical brain areas), a 

subcortical structure in the medial temporal lobes, which exhibits dysfunctions in clinical 

conditions like depression or anxiety disorders (e.g., Drevets, 2001; LeDoux, 1995). Thus, the
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fourth experiment was devised to elucidate whether unconscious affective processing was  

also susceptible to top-down modulation by task sets and furthermore to obtain one more 

piece of evidence for the generality of the attentional sensitization model of unconscious 

cognition. Findings regarding the susceptibility of unconscious emotional processes to 

attentional modulation could encourage advancements in the field of treatment of affective 

disorders. To this end, again the above described induction task paradigm was administered to

test the predictions. In the induction tasks, pictures were used and participants had to decide 

on the shape of an object (circular or elliptical) in one block while in the second block the 

same participants performed a semantic decision task (living/non-living decision). In the 

primed target task, volunteers had to decide whether a subliminally primed emotional picture 

was positive or negative. Here, the proposed attentional sensitization model is expected to 

shed light on the question whether affective priming with pictures relies on visual features 

rather than on semantic analysis of stimuli. Results from an affective priming ERP study 

using words and pictures as stimuli (unimodal; Nieberle, 2012) suggest different mechanisms 

of affective priming for these two modalities. Priming effects for pictures had a shorter 

latency than those for words and did not exhibit the classical N400 effect of semantic 

processing (Kutas & Hillyard, 1980) and thus the question is raised whether in affective 

priming with pictorial stimuli semantic analysis is evaded in favour of an analysis of visual 

stimulus features. If this is the case, then according to the attentional sensitization model 

affective priming effects with pictorial material should only be observed following the shape 

induction task but not following the semantic decision task, which should deemphasize 

processing pathways devoted to visual features of an object. On the other hand, if an 

evaluative decision on emotional pictures rests on semantic analysis, the attentional 

sensitization model would predict affective priming effects following the semantic induction 

task but not following the perceptual induction task, which should deemphasize processing 

pathways devoted to the semantic meaning of an object. To elucidate this question, the 
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method of choice was the EEG as its temporal resolution in the range of milliseconds enables 

monitoring of cognitive processing online and has been shown to be more sensitive than 

behavioral measures (e.g., Kiefer, 2007).      

58



6. Masked visuo-motor priming as a function of shape vs. color task sets

As has been mentioned in the introductory section, Experiments 1 and 2 were devised to

test whether top-down modulation of unconscious cognition can take place not only in coarser

cognitive domains like perceptual or semantic processing but also on a fine-grained level 

within the perceptual domain. To this end, in these two ERP-experiments a possible 

differential modulation of unconscious visuo-motor processing by attention to shape vs. color 

was investigated using the induction task paradigm described above (see figure 4 below). 

Besides the recording of reaction times (RT), the method of the EEG was chosen as, due to its

excellent temporal resolution, psychological processing can be monitored in real time (Kiefer 

et al., 2011). These two experiments have already been published in a peer-reviewed journal 

(Zovko & Kiefer, 2013). 

6.1 Experiment 1: Shape versus color in pure response priming

In the masked priming task of the first experiment the geometrical shapes used as 

primes and targets afforded the same response in the congruent condition, but had different 

forms in order to examine pure response congruency effects in the absence of stimulus 

repetition. 

Prior to the masked priming task, two different perceptual induction tasks – shape vs. 

color decision tasks on visually presented objects – were administered in separate blocks to 

assess top-down modulation by these two kinds of attentional sets. 

In the form induction task participants had to decide whether the presented object was 

circular or elliptical while in the color induction task volunteers classified objects as red or 

blue. Either induction task was succeeded by the masked prime and the subsequent shape 

decision task. In the shape decision task, the participants performed right or left hand 

responses according to the shape of a geometrical target object (e.g., an ellipsoid or a square). 

This visible target was preceded by a masked prime object that either indicated the same or a 
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different response (Martens et al., 2011). According to the attentional sensitization model 

(Kiefer & Martens, 2010) the shape induction task should enhance masked visuo-motor 

priming, which depends on access to the visual form of an object, by sensitizing processing 

pathways for visual form. Hence, unconscious visuo-motor priming should benefit after the 

shape induction task while the color induction task should desensitize form processing 

pathways, thus entailing attenuated visuo-motor priming.

6.1.1 Method

6.1.1.1 Participants

Twenty-four healthy, right-handed subjects (as evaluated by the Edinburgh Handedness 

Inventory; Oldfield, 1971) with normal or corrected-to-normal vision and normal color vision 

(as assessed by the Ishihara-Test for color blindness; Ishihara, 1993) participated in the first 

experiment. The ethics committee of the University of Ulm approved of the study and all 

participants gave written informed consent. The data of four participants had to be discarded; 

two of them had a masked prime identification rate that exceeded the confidence interval of 

chance performance of 65 %, the other two data sets were excluded owing to technical 

problems during data recording or poor data quality. The remaining twenty participants (11 

women) had a mean age of 24.3 years.

6.1.1.2 Material

Induction tasks for activating task sets. Stimuli for the color induction task consisted of 

160 object pictures which were repeated once in order to yield 320 trials. Half of the objects 

were colorized in various red hues, the other half in various blue hues. The specific hue and 

saturation of the pictures were individually determined for each stimulus because the primary 

goal was to create a large number of stimuli with task difficulty comparable to the shape 

decision task. Red and blue colorized objects were balanced by animacy (living vs. non-living
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objects) and form (circular vs. elliptical) in order to exclude possible confounds. The size of 

the stimuli was 170 pixels in width and 216 pixels in height. Participants were instructed to 

decide by key press whether the displayed object was red or blue as quickly and as accurately 

as possible. Stimuli for the shape induction task were another 160 different object pictures 

which were repeated once during the experiment as well. Half of these pictures referred to 

objects with a circular respectively elliptical shape. Again, to exclude confounds these objects

were balanced by color (red vs. blue) and animacy (living vs. non-living objects). 

Participants’ task was to press a key indicating whether the presented object was circular or 

elliptical as quickly and as accurately as possible. Prior to the EEG-experiment a pilot study 

(N = 10) was conducted to ensure comparable difficulty levels for the two induction tasks. 

Here, in a two-tailed paired t-test reaction times (RT) and error rates (ER) did not differ 

significantly between the color and the form decision task (mean RT): color 466 ms vs. form 

471 ms, t(9) = 0.28, p > .78; mean ER: color 4.6 % vs. form 3.4 %, t(9) = 2.06, p < .07. In the 

two main experiments (Experiments 1 and 2), reaction times to the induction tasks showed no 

significant differences either. Examples of the color and shape induction tasks are shown in 

Figure 4 below.

Masked priming paradigm. Primes and targets consisted of four white geometrical 

shapes (ellipsoid, square, diamond, and circle) on black background, which were equally 

often used as primes and targets. The size of the stimuli (including masks) was 85 pixels in 

width and 108 pixels in height. Participants had to respond according to the shape of the 

object: Half of the participants reacted with their right index fingers to a circle or a diamond, 

but with their left index fingers to a square or an ellipsoid. The other half of participants had 

an opposite stimulus-response-assignment. In half of the trials (320) the masked prime 

indicated the same (congruent trial) and in the other half (320) a different response 

(incongruent trial) as the target. Primes and targets were always different objects, even in the 

congruent condition, in order to assess response congruency independently of shape 
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congruency. Primes were masked by seven randomly assigned masks consisting of a line 

pattern.

6.1.1.3 Procedure

Each trial (see figure 4) started with a fixation cross which was shown for 750 ms and 

then followed by an object picture of the induction task for 500 ms. Participants were 

instructed to decide as quickly and as accurately as possible whether the displayed object had 

a red or blue hue in the color induction task or whether it had a circular or elliptical form in 

the shape induction task. After responding to the induction task the forward mask appeared 

for 200 ms, succeeded by the prime shape for 33.5 ms, then a backward pattern mask 

appeared for 33.5 ms. The mask was replaced by the target shape whereupon participants had 

to press the assigned response key as quickly and as accurately as possible. Thereafter, three 

hash marks prompted participants to initiate the next trial by a button press. All stimuli were 

displayed synchronously to the screen refresh of 16.67 ms. The total number of 640 

experimental trials was divided into eight blocks (four subsequent blocks for each induction 

task), whose order was counterbalanced across subjects. Blocks were separated by short 

breaks. Trial order within the blocks was randomized. After completing the main experiment, 

none of the participants reported prime awareness after debriefing. An objective measure of 

prime identification was obtained (Kiefer, 2002) using an identical trial structure as in the 

main experiment. 80 trials per induction task were presented, and subjects had to identify the 

shape in between the masks and to perform the assigned key press while stressing accuracy 

over response speed. Only data from participants who were not able to correctly identify the 

masked prime stimulus (performance within the 95 % confidence interval of chance level) 

were included in the analysis.
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Figure 4: Trial sequence in Experiment 1 (left) and Experiment 2 (right). At the start of each trial, a shape or a color induction task with one 

picture of an object appeared for 500 ms (depicted pictures are examples for decision classes). Participants had to classify the picture either 

according to its form (shape induction task) or its hue (color induction task). Thereafter, the masked prime shape and the target were 

presented. The targets were shapes that had to be reported by a left- or right-hand response in both experiments. Unlike Experiment 1, in 

congruent trials of Experiment 2 the target was preceded by physically identical shapes (identity priming) (after Zovko & Kiefer, 2013).

6.1.1.4 Electrophysiological recordings and statistical analysis

Scalp voltages were continuously (digitization rate = 500 Hz) recorded (BrainAmp, 

BrainProducts, Gilching, Germany) using an equidistant montage of 64 sintered Ag/AgCl 

electrodes mounted on an electrode cap (Easy Cap, Herrsching, Germany). An electrode 

between Fpz and Fz was connected to the ground, and an electrode between Cz and FCz 

served as recording reference. Eye movements were recorded with supra- and infraorbital 

electrodes and electrode impedance was kept below 5 k. EEG was band-pass filtered (high 

cut-off: 30 Hz, low cut-off: 0.1 Hz), corrected for ocular artifacts using independent 

components analysis, segmented (-420 ms to 800 ms relative to target onset) and corrected to 

a 150 ms baseline that started 153 ms prior to the onset of the forward mask in order to avoid 

distortion of the baseline by visually evoked potentials to the mask. Artifact-free segments 
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with correct responses were averaged separately for each experimental condition and 

electrode. ERPs were re-referenced to average reference. 

In accordance with previous visuo-motor priming studies (Jaśkowski et al., 2003; 

Martens et al., 2011) the electrophysiological visuo-motor priming effect was defined as mean

voltage in the time windows of 140 to 240 ms and 340 to 440 ms after target onset at 

electrodes in posterior regions (O1/2, O9/10, PO1/2, PO3/4, P1/2, P3/4, P7/8, P9/10, TP7/8, 

TP9/10, CP3/4, C5/6 und T7/8) since response priming effects were associated with an 

occipito-parietal scalp distribution (Jaśkowski et al., 2003; Martens et al., 2011). Repeated-

measures ANOVAs were performed on mean voltages with induction task, response 

congruency of prime and target, hemisphere, and electrode site as within-subject factors (p-

level of .05). Only effects involving the factor congruency are reported.

6.1.2 Results and discussion

Masked prime identification was distributed close to the chance level of 50 % (mean 

shape = 55.6 %, mean color = 52.5 %). As a measure for prime identification, the signal 

detection measure d’ (Green & Swets, 1966) was calculated. A two-tailed paired t-test 

showed no significant difference of d’ between the shape (m = 0.17, sd = 0.26) and color (m =

0.13, sd = 0.36) induction task (t(19) = 0.48, p > .63). D’ in the shape induction task 

significantly deviated from zero (t(19) = 2.94, p < .009). 

For reaction time (RT) analyses, median RT of the correct responses was calculated for 

each condition. Responses faster or slower than two standard deviations of the individual 

mean were rejected as outliers. Reaction times in the shape and color induction tasks (3.81 % 

outliers) did not significantly differ from each other in a two-tailed paired t-test (528 vs. 543 

ms, p > .41). For RT analysis of the primed target task (4.26 % outliers), a repeated-measures 

ANOVA with the factors induction task and congruency revealed neither main effects nor an 

interaction (all Fs < 1; mean RT of the congruent vs. incongruent conditions following the 
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shape induction task, 633 vs. 631 ms, following the color induction tasks, 628 vs. 627 ms). 

Analysis of error rates (shape: 3.3 %, color: 2.7 %) did not yield significant effects either. 

Analysis of ERP priming effects in the time window of 140 - 240 ms showed a 

significant interaction of induction task by congruency by hemisphere, F(1,19) = 5.52, p < .

03, p
2 = .22. This interaction was further explored with Fisher’s LSD post-hoc tests. This 

analysis showed significant visuo-motor priming (ERP difference between congruent and 

incongruent trials) only subsequently to the shape induction task at left occipito-parietal 

electrodes (p < .003) indicating a more negative deflection in incongruent than in congruent 

trials. Following the color induction task, this ERP difference was not significant over either 

hemisphere. Analyses in the time window of 340 - 440 ms yielded similar results: A 

significant interaction of induction task by congruency by hemisphere was found, F(1,19) = 

6.49, p < .01, p
2 = .31. Post-hoc tests revealed significant visuo-motor priming only 

following the shape induction task at right occipito-parietal electrodes, p < .04. Here, 

congruent trials showed a more negative deflection than incongruent trials. For the color 

induction task mean differences were not significant (see figure 5). 

In order to test how prime visibility affects ERP priming effects subsequently to the 

shape induction task, correlations between d’ and ERP priming effects (incongruent minus 

congruent) were calculated (Kiefer, 2002) in the earlier time window (140 – 240 ms) for the 

left hemisphere electrodes and for the later time window (340 – 440 ms) for the right 

hemisphere electrodes (voltages were collapsed across electrode sites). Neither analysis 

yielded significant correlations (both p’s > .11) demonstrating that priming effects did not 

depend on prime visibility.
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Figure 5: Grand-averaged ERPs (N = 20) from Experiment 1: ERPs at two representative electrodes from the occipito-parietal electrode 

cluster (P3, left and P4, right) as a function of induction task (shape, above and color, below) and prime-target congruency are shown. The 

target onset is indicated by the long vertical lines. The analyzed time windows are indicated by shading. Significant masked visuo-motor 

priming effects are highlighted by an asterisk (p < .05). The voltage maps display the topography of visuo-motor priming effects when the 

interaction of induction task by congruency was significant. Shown are difference ERPs (congruent condition minus incongruent condition) 

interpolated across the entire scalp using spherical splines and coded in color. The ERP plots show significant masked visuo-motor priming 

effects only subsequent to the shape induction task, but not subsequent to the color induction task in both the early and the late time window 

(after Zovko & Kiefer, 2013). 

Discussion

In Experiment 1, the boundary conditions of top-down modulation of unconscious 

cognition were further explored by investigating a fine-grained differential attentional 

sensitization within the perceptual subdomains of shape and color of objects. As predicted by 

the attentional sensitization model, the ERP data clearly demonstrate a finer grained 

differential sensitization of processing pathways within the perceptual domain, such as shape 

and color: ERP priming effects were only obtained following the shape induction task, but 

were absent following the color induction task. These results therefore suggest that automatic 

visual processing can be differentially modulated by attentional sets even within the 

perceptual domain at a fine-grained scale (shape vs. color). The shape induction task – which 
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activated a shape-related task representation and sensitized correspondent visual pathways 

immediately before masked prime presentation – enhanced subsequent masked visuo-motor 

priming, whereas a color induction task attenuated priming. 

Although d’ measures of prime visibility in the shape induction task obtained in the 

prime identification task after the main experiment significantly deviated from zero and could 

be indicative of partial prime visibility, this possibility is not very likely for several reasons. 

Firstly, none of the participants subjectively reported to have seen the masked primes in the 

debriefing after the main experiment. Secondly, d’ measures did not correlate with ERP 

priming effects. Thirdly and perhaps most importantly, unconscious visuo-motor priming 

effects could have biased responses in the prime identification test: Established stimulus-

response mappings could have increased the likelihood of correct responses in the prime 

identification test because two shapes were assigned to each response category as in the target

task of the main experiment.  

In contrast to earlier studies (Martens et al., 2011), modulatory effects of induction tasks

on priming were only obtained for the ERP, but not for the RT data. It is supposed that the 

absence of any behavioral priming effects was due to the exclusive use of the short interval of 

200 ms between the response to the induction task and masked prime presentation (response 

prime interval, RPI). In the earlier study RPIs of 600 ms and 800 ms were also included so 

that in a large portion of trials the induction task and the primed shape decision task were 

separated by longer time intervals. The exclusive use of the 200 ms RPI in the present 

experiment could have rendered the task more difficult thus leading to an increase of variance 

in response latencies, which conceals behavioral priming effects. Furthermore, in a 

metacontrast priming procedure, Ro, Singhal, Breitmeyer, and Garcia (2009) found priming 

effects only when the prime was identical to the target (direct visuo-motor mapping), but not 

when prime and target shared only the same response (pure response priming). It is possible 

that visuo-motor priming based on pure response congruency is relatively weak and produces 
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less reliable behavioral priming effects compared with identity priming that promotes direct 

visuo-motor mapping.

The differential polarity and hemispheric preponderance of the ERP priming effects in 

the early and late time windows of Experiment 1 could reflect different aspects of visuo-

motor processing: The early left hemisphere effect may reflect visuo-motor processes based 

upon local analysis of stimuli whereas the later right hemisphere effect might index visuo-

motor processes involving global integrative perceptual analysis (e. g., Delis, Robertson, & 

Efron, 1986). These processes are associated with a different polarity of scalp voltages 

because they involve distinct visual areas (see also, Luck & Hillyard, 1994).

The ERP priming effects nevertheless show that subliminal visuo-motor priming for shape

decisions is boosted subsequently to a shape induction task similar to previous findings (e.g., 

Martens et al., 2011), whereas priming is attenuated subsequently to a color induction task. 

The present findings demonstrate that not only a non-perceptual semantic task set as in the 

earlier study (Martens et al., 2011), but also a perceptual task set that focused on the priming-

irrelevant color dimension attenuates subliminal visuo-motor priming. In an attempt to 

enhance behavioral priming effects, a second experiment was conducted where in the 

congruent priming condition the same stimulus served as prime and target (identity priming).
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6.2 Shape versus color in repetition priming

In Experiment 2, it was aimed to replicate the first experiment using a masked visuo-

motor identity priming task. Again, this form of priming was expected to benefit from a 

sensitization of processing pathways by the shape induction task. Furthermore, identity 

priming was also expected to enhance priming and to increase the likelihood to find 

behavioral in addition to ERP effects.

6.2.1 Method

6.2.1.1 Participants

Twenty-one healthy, right-handed subjects (Oldfield, 1971) with normal or corrected-to-

normal vision and normal color vision (Ishihara, 1993) contributed data to this experiment. 

The ethics committee of the University of Ulm approved of the study and participants all gave

written informed consent. Data from one participant had to be excluded from analysis due to 

technical problems during the recording session. The remaining twenty participants (10 

women) had a mean age of 22.9 years.

6.2.1.2 Material 

Both the stimulus material for the induction tasks for activating task sets and the 

stimulus material for the masked priming procedure were exactly the same as in Experiment 

1.

6.2.1.3 Procedure 

The experimental procedure in Experiment 2 was identical to the one used in 

Experiment 1 with the exception that in the congruent condition the target (e.g., a square) was

always preceded by an identical prime shape (e.g., a square as well). After completing the 

main experiment, none of the participants reported prime awareness after debriefing.
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6.2.1.4 Electrophysiological recordings and statistical analysis

Recording parameters and statistical analyses were the same as in Experiment 1.

6.2.2. Results and discussion

Masked prime identification was distributed close the chance level of 50 % (mean shape

= 54 %, mean color = 56.1 %). A two-tailed paired t-test showed no significant difference of 

d’ between the shape (m = 0.19, sd = 0.33) and color (m = 0.31, sd = 0.26) induction tasks, 

t(19) = -1.66, p > .11. D’ in both induction task conditions significantly deviated from zero 

(both p < .03). 

For analyses of RT data, outliers were rejected as in Experiment 1 and median RT of 

correct responses was calculated per condition. Reaction times (3.77 % outliers) to the shape 

and color induction tasks did not differ (477 vs. 496 ms, p > .063). In the primed target task 

(4.07 % outliers), a repeated-measures ANOVA of median RT of correct responses yielded a 

significant main effect of congruency, F(1,19) = 63.1, p < .000001, p
2 = .77, showing faster 

responses in congruent than in incongruent trials (mean RT of congruent vs. incongruent 

conditions following the shape induction task, 549 vs. 576 ms, following the color induction 

task, 548 vs. 575 ms). However, induction task (shape vs. color) did not significantly 

influence behavioral priming effects. An analysis of ER yielded a significant main effect of 

congruency as well, 2.9 % (congruent) vs. 3.7 % (incongruent), F(1,19) = 5.20, p < .035, p
2 =

.21.

Analyses of ERP priming effects in the earlier time window of 140 - 240 ms only 

revealed a marginally significant main effect of congruency (p < .07). In the later time 

window of 340 - 440 ms however, the interaction between induction task and congruency was

significant, F(1,19) = 4.54, p < .047, p
2 = .19. LSD post-hoc tests showed significant visuo-

motor priming only following the shape induction task (p < .001) displaying a more negative 

deflection for incongruent trials. Following the color induction task, priming effects were not 
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significant (see figure 6). Unlike Experiment 1, priming effects subsequently to the shape 

induction task did not differ between hemispheres. Correlational analyses between d’ on one 

hand and ERP priming effects or behavioral (RT) priming effects subsequently to the shape 

induction task on the other hand revealed no significant correlation between prime visibility 

and magnitude of priming (all p > .31 and > .20, respectively).

Figure 6: Grand-averaged ERPs (N = 20) from Experiment 2: ERPs at two representative electrodes from the occipito-parietal electrode 

cluster (P3, left and P4, right) as a function of induction task (shape, above and color, below) and prime-target congruency are shown. As in 

Experiment 1, significant masked visuo-motor priming effects were only obtained subsequently to the shape induction task, but not following

the color induction task. The voltage maps display the topography of visuo-motor priming effects when the interaction of induction task by 

congruency was significant. Shown are difference ERPs (congruent condition minus incongruent condition) interpolated across the entire 

scalp using spherical splines and coded in color. The ERP plots show significant masked visuo-motor priming effects only subsequent to the 

shape induction task, but not subsequent to the color induction task in the late time window (after Zovko & Kiefer, 2013).
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Discussion

In line with the attentional sensitization model, the shape and color induction tasks again

differentially influenced subsequent masked visuo-motor ERP priming effects: Priming 

effects were only obtained following the shape, but not following the color induction task.

It has to be noted that d’ measures of prime visibility in both induction tasks obtained in 

the prime visibility test after the main experiment significantly deviated from zero and could 

be indicative of partial prime visibility. As outlined in Experiment 1, this is again deemed 

improbable for several reasons. Firstly, all participants denied to have seen the masked primes

in the debriefing after the main experiment. Furthermore, no correlation of d’ measures with 

ERP priming effects could be obtained. Finally, again unconscious visuo-motor priming 

effects could have biased responses in the prime identification test: Established stimulus-

response mappings could have increased the likelihood of correct responses in the prime 

visibility test because two shapes were assigned to each response category as in the target task

of the main experiment. 

The lacking effect of induction tasks on RT priming is presumably due to strong 

stimulus-driven processes in identity priming that may have prevented more subtle induction 

task effects in the behavioral data. Nevertheless, reliable influences of color vs. shape task 

sets on ERP priming were found suggesting that ERP indices are more sensitive for top-down 

modulation (for a similar dissociation between RT and ERP priming, see Kiefer & Brendel, 

2006; Kiefer & Martens, 2010).

ERP priming effects for congruent and incongruent trials were not identical in 

Experiment 1 and 2 with respect to latency, polarity and topography. This suggests that pure 

response priming and identity priming depend on partially different processes. In Experiment 

1, ERP priming effects were observed following the shape induction task in an earlier and a 

later time window relative to target onset (see also, Jaśkowski et al., 2003; Martens et al., 

2011). In Experiment 2, in which top-down influences on masked identity priming were 
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investigated, significant influences of task set on ERP priming were only found in the later 

time window (see also, Martens et al., 2011). The significant priming effect subsequently to 

the shape induction task in Experiment 2 had the same polarity as the effect in the earlier time

window of Experiment 1 (incongruent trials more negative ERPs than congruent trials). 

However, the early ERP priming effect in Experiment 1 was left lateralized, whereas the late 

effect was bilateral in Experiment 2. The differences between experiments with regard to 

polarity and time course of priming effects probably arise from the fact that in the first 

experiment priming was based on mere response congruency of physically different stimuli 

while in the second experiment priming was elicited by repeating an identical prime stimulus 

as target resulting in strong bottom-up activation. In Experiment 2 this strong bottom-up 

influence of repeated stimuli could have facilitated processing of stimulus features in both 

hemispheres resulting in a bilateral activation pattern. In line with the assumption of a strong 

bottom-up influence due to stimulus repetition, in Experiment 2 in the early time window a 

marginally significant priming effect independently of the inductions tasks was obtained, 

probably originating from perceptual priming. A similar ERP pattern for identical and non-

identical stimuli, which is thought to reflect perceptual priming, was found in earlier studies 

(Begleiter, Porjesz, & Wang, 1993; Zhang, Begleiter, Porjesz, & Litke, 1997). The later 

priming effect that was modulated by the induction task most likely reflects response 

activation processes within the dorsal visual stream (for a similar sequence of early perceptual

and later visuo-motor priming processes during identity priming, see Jaśkowski et al., 2003).
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6.3 Experiment 3: Exploring the neuroanatomical substrate of top-down modulation of 

masked visuo-motor priming using functional magnetic resonance imaging (fMRI)

As has been demonstrated, the method of electroencephalography with its temporal 

resolution in the range of milliseconds offers an excellent possibility for real time tracking of 

psychological processing (Kiefer, 2007; Kiefer et al., 2011). One shortcoming of the EEG 

method, however, is its poor spatial resolution since the neuronal generators of the electrical 

potentials recorded from the surface of the scalp are not necessarily spatially identical with 

the electrode site where a possible effect appears; moreover, data of these potentials most 

likely comprise activity of various brain areas which further complicates the definition of 

neuronal contributors to specific cognitive processes (Srinivasan, 1999). 

In order to examine the neuroanatomical correlates of cognitive processing, the non-

invasive method of functional magnetic resonance imaging (fMRI) with its spatial resolution 

in the range of millimeters has been a valuable tool for over two decades now.

Thus, to examine the neuronal correlates of visuo-motor priming in the frame of the 

attentional sensitization model, an event-related fMRI-study was set up. As has been already 

mentioned, visuo-motor and semantic processing rest on distinct brain areas (e.g., Kiefer, 

2007); hence, in order to generate a higher contrast between induction tasks and thus to 

sharpen up possible visuo-motor priming effects, as induction tasks a perceptual (circular vs. 

elliptical decision) and a semantic induction task (living vs. non-living decision) were 

administered to induce corresponding attentional sets. Subsequently to the induction task, 

volunteers performed a subliminally primed visuo-motor task (details are given below). 

As said, in most fMRI studies priming is associated with a decreased hemodynamic 

response for primed vs. unprimed stimuli (Henson, 2003). Thus, a stronger activation in 

incongruent trials as compared to congruent trials is regarded as an index for priming. In this 

response priming experiment this effect should be greater following the perceptual induction 

task than following the semantic induction task in brain regions stretching from early visual 
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areas up to the posterior parietal cortex (dorsal path of visual processing) and in cortical 

motor output areas (e.g., Buckner et al., 1998; Jaśkowski et al., 2003; Kiefer, 2007). 

Moreover, such differential activation should also be obtained in the basal ganglia (e.g., Ell et 

al., 2011; Toni et al., 2002). 

According to the attentional sensitization model, the perceptual induction task should 

differentially sensitize perceptual processing pathways by prefrontal top-down signals while 

the semantic induction task should deemphasize processing pathways devoted to the shape of 

an object and hence should have no differential effect on visuo-motor priming.   

6.3.1 Method

6.3.1.1 Participants

Thirty healthy, right-handed subjects (Oldfield, 1971) with normal or corrected-to-

normal vision responded to a public notice and participated in the third experiment. Exclusion

criteria were psychotropic medication, a current or past psychiatric or neurological condition, 

age under 18 and the usual MRI counterindications, such as pregnancy, irremovable metal 

parts in the body or large tattoos on the upper part of the body. The ethics committee of the 

University of Ulm approved of the study and participants all gave written informed consent 

before the study. 

The data of six participants had to be discarded; one of them had a masked prime 

identification rate that exceeded the confidence interval of chance performance of 65 %, the 

other five data sets were excluded owing to poor data quality (one) or because subjects had an

error rate that exceeded 15 %. The remaining twenty-four participants (12 women) had a 

mean age of 24.9 years. 
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6.3.1.2 Material

Induction tasks for activating task sets. Stimuli for the semantic induction task consisted

of 128 black-and-white object pictures. The objects were balanced by animacy (living vs. 

non-living objects) and form (circular vs. elliptical) in order to exclude possible confounds. 

The size of the stimuli was 170 pixels in width and 216 pixels in height. Participants were 

instructed to decide by key press whether the displayed object was living or non-living as 

quickly and as accurately as possible. Stimuli for the shape induction task were another 128 

different object pictures. Half of these pictures referred to objects with a circular respectively 

elliptical shape. Again, to exclude confounds these objects were balanced by animacy (living 

vs. non-living objects). Participants’ task was to press a key indicating whether the presented 

object was circular or elliptical as quickly and as accurately as possible. These object pictures 

were part of the set of object pictures used in previous studies (Kiefer & Martens, 2010; 

Martens et al., 2011). 

Masked priming paradigm. Prime and target stimuli were the same as the ones in 

Experiment 1.

 6.3.1.3 Procedure

Each trial started with a fixation cross which was shown for 750 ms and then followed 

by an object picture of the induction task for 500 ms. Participants were instructed to decide as 

quickly and as accurately as possible whether the displayed object was living or non-living in 

the semantic induction task or whether it was circular or elliptical in the shape induction task. 

The induction task picture was followed by a blank screen for 500 ms. Then, the forward 

mask appeared for 200 ms, succeeded by the prime shape for 33.5 ms, then a backward 

pattern mask appeared for 33.5 ms. The mask was replaced by the target shape whereupon 

participants had to press the assigned response key as quickly and as accurately as possible. 

Thereafter, three hash marks appeared for a variable duration (ranging from 2.583 seconds to 
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17.750 seconds, average duration was 5.174 seconds) in order to enable a finer grained 

sampling of the BOLD hemodynamic responses afterwards; participants were instructed to 

await the next trial which would start automatically (see figure 7). The total number of 256 

experimental trials was divided into two blocks (one block for each induction task), order was

counterbalanced across subjects. Trial order within the blocks was pseudo-randomized. After 

completing the main experiment, none of the participants reported prime awareness after 

debriefing. An objective measure of prime identification was obtained (Kiefer, 2002) using an

identical trial structure as in the main experiment. 48 trials per induction task were presented, 

and subjects had to identify the shape in between the masks and to perform the assigned key 

press while stressing accuracy over response speed. Only data from participants who were not

able to correctly identify the masked prime stimulus (performance within the 95 % confidence

interval of chance level) were included in the analysis.

Figure 7: Trial sequence in Experiment 3. At the start of each trial, a shape or a semantic induction task with one picture of an object 

appeared for 500 ms (depicted pictures are examples for decision classes). Participants had to classify the object either according to its form, 

i.e., whether it is circular or elliptical (shape induction task) or whether it is living or non-living (semantic induction task). Thereafter, the 

masked prime shape and the target were presented. The targets were shapes that had to be reported by a left- or right-hand response.
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6.3.1.4 fMRI measurement parameters and statistical analyses

MRI scanning sessions took place as a single session at the MRI laboratory of the 

department of psychiatry of the University of Ulm. All imaging data were acquired with a 

head-only 3-Tesla Magnetom Allegra® (Siemens, Germany) using the RAPID® head coil. 

Subjects were told to avoid movements; foam padding was administered to enhance comfort 

and to reduce motion artifacts. 

The subject’s anatomical brain structure was measured with a T1-weighted image for 

coregistration (256 slices, TR/TE: 2080 ms/3.93 ms, voxel resolution 1 x 1 x 1 mm); for 

diagnostical purposes, an anatomical T2-weighted sequence was obtained. 

During the experimental sessions, a T2*-weighted gradient echo echo-planar imaging 

(EPI) sequence was used for functional imaging of the whole brain (TR/TE: 2200 ms/36 ms, 

anterior-to-posterior phase encoding, flip angle 90°, band width 3906 Hz/pixel, field of view 

23 cm, 34 slices, interslice gap 0.6 mm, isotropic voxel size 3.6 mm³). Data was measured in 

two separate runs, each lasting 19 minutes (528 volumes per run). The first five volumes of 

each run were discarded as they were administered to allow for scanner equilibration.

Scanning was carried out as an event-related design with jittered intertrial intervals 

(fractions of TR) ranging from 2.583 seconds to 17.750 seconds (mean = 5.174 seconds). 

During the scanning procedure, participants were in a supine position in the scanner and 

stimuli were presented by means of video goggles (Resonance Technology Company Inc., 

Los Angeles, USA).    

Preprocessing of data and the statistical analyses were performed with the SPM8 

package (Wellcome Department of Cognitive Neurology, London; online at 

http://www.fil.ion.ucl.ac.uk) under MATLAB 7.9 R2009b (MathWorks, Natick, MA). 

Preprocessing steps consisted of slice timing correction, realignment of the images 

(movement artifacts correction) and stereotactic normalization to an EPI template in Montreal

Neurological Institute (MNI) space using DARTEL (Ashburner, 2007), with reslicing of the 
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images to 2 x 2 x 2 mm voxels. Smoothing in space was carried out with a 3-dimensional 10 

mm full-width at half-maximum (FWHM) isotropic Gaussian kernel. To obtain a T1-image 

representing the group mean, the individual T1-weighted images were coregistered to the 

individual mean EPI image. 

Single subject analysis (first level analysis). Following data preprocessing, a 

hierarchical standard modeling approach was applied. Each stimulus triple (induction task, 

prime, and target) was treated as a single trial irrespective of trial duration. A session 

separated general linear model (GLM) was set up for each subject with onsets for each 

condition of correct congruent and incongruent trials. Onsets of incorrect decisions on the 

other hand were added to the design matrix as conditions of no interest. The resulting stick 

functions were convolved with the canonical hemodynamic response function and its time 

derivative. Temporal high pass filtering (1/128 Hz cutoff) was administered in order to 

remove subject-specific low-frequency drifts in signal. 

Group level analysis (second level analysis). Following model estimation, contrast 

images displaying the main effects “canonical congruent > implicit baseline” and “canonical 

incongruent > implicit baseline” were created for both induction task conditions and subjected

to a random-effects analysis, implemented as flexible factorial design. The interaction 

induction task by congruency was defined as a single factor with four levels  

(congruentperceptual, incongruentperceptual, congruentsemantic, incongruentsemantic) by connecting the  

two underlying factors. A second factor modeled the subject related variance. Only priming 

effects arising from positive but differentially modulated effects were considered 

physiologically plausible. To this end, a one-sided t-contrast reflecting the average positive 

effect of all four levels of the interaction was computed using a threshold of p < 0.001, 

uncorrected. The corresponding statistical parametric map (SPM) was saved as image in order

to serve as a mask for all other contrasts described. Two one-sided t-contrasts (congruent 

minus incongruent) were computed to examine significant neural visuo-motor priming for 
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each induction task. Differences between both conditions were calculated by setting up two 

one-sided t-contrasts modeling the interaction between the factors congruency (congruent, 

incongruent) and induction task (perceptual, semantic) in order to test on significantly greater 

priming activation in the perceptual induction task versus the semantic induction task, and the

other way around. Statistical parametric maps were thresholded at p <  0.001 (uncorrected) at 

the voxel level in combination with a cluster extent threshold that required cluster sizes of 39 

(expected cluster size according to SPM8) contiguously significant voxels (this description of 

the first- and second-level analysis follows an analogous description in the work of Ulrich, 

Hönig, Kiefer, & Grön, submitted). 

6.3.2 Results and discussion

Behavioral results. Masked prime identification was distributed close to the chance level

of 50 % (mean shape = 52.3 %, mean semantic = 53.1 %). As a measure for prime 

identification, the signal detection measure d’ (Green & Swets, 1966) was calculated. A two-

tailed paired t-test showed no significant difference of d’ between the shape (m = 0.13, sd = 

0.37) and semantic (m = 0.17, sd = 0.39) induction task (t(23) = -0.42, p > .67). D’ in the 

semantic induction task significantly deviated from zero (t(23) = 2.17, p = .04). 

For reaction time (RT) analyses, median RT of the correct responses was calculated for 

each condition. Responses faster or slower than two standard deviations of the individual 

mean were rejected as outliers. Reaction times in the shape and semantic induction tasks (4.45

% outliers) significantly differed from each other in a two-tailed paired t-test (511 vs. 565 ms,

t(23) = -6.49, p < .00001): Reactions to the perceptual induction task were faster than to the 

semantic induction task. For RT analysis of the primed target task (4.66 % outliers), a 

repeated-measures ANOVA with the factors induction task and congruency revealed neither 

main effects nor an interaction (mean RT of the incongruent vs. congruent conditions 

following the shape induction task, 557 vs. 562 ms, following the semantic induction task, 
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560 vs. 556 ms). Analysis of error rates (shape: 4.0 %, semantics: 4.8 %) did not yield 

significant effects either. 

Neuroimaging results. Firstly, priming following the perceptual induction task (greater 

activation in the incongruent than in the congruent condition) was assessed. Significant 

priming related activity was found in the right inferior temporal gyrus, the basal ganglia (left 

putamen and right globus pallidus), the left inferior frontal gyrus (triangular part), and the left 

orbitofrontal cortex (see table 1 and figure 8). 

Brain region BA
cluster

size z score
x, y, z (in MNI

coordinates)
right inferior temporal 
gyrus 20 191 4.4  54    -46   -10
left putamen 144 4.28 -24     12      6

3.67 -28     12     -6
left inferior frontal gyrus

triangular part 45 234 4.1 -54     20     16
3.98 -46     16      2

right globus pallidus 139 4.07  22      4    -10
left orbitofrontal cortex 47 101 3.9 -38     52     -4

3.38 -32     44      2

Table 1: Significant results following the perceptual induction task (greater activation in the incongruent than in the congruent condition; BA

= Brodmann area).

Figure 8: Contrast “Priming Per”: significant results in regions according to table 1, threshold p < 0.001 (uncorrected), extent threshold k = 

39.
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Afterwards, priming in the semantic induction task (greater activation in the incongruent

than in the congruent condition) was examined. Significant priming related activity was found

in the right angular gyrus, the left inferior frontal gyrus (opercular part), and the left inferior 

parietal cortex (see table 2 and figure 9).

Brain region BA
cluster

size z score
x, y, z (in MNI

coordinates)
right angular gyrus 40 201 4.22  32    -52     42
left inferior frontal gyrus

opercular part 44 391 3.9 -56     12     12
3.8           -48     14      8
3.77 -50     22     26

left inferior parietal 
cortex 7 205 3.56 -30    -58     42

Table 2: Significant results following the semantic induction task (greater activation in the incongruent than in the congruent condition; BA =

Brodmann area). 

Figure 9: Contrast “Priming Sem”: significant results in regions according to table 2, threshold p < 0.001 (uncorrected), extent threshold k = 

39.

Finally the critical comparison, the interaction between induction task and priming was 

assessed (greater activation in the incongruent than in the congruent condition which is 

greater following the perceptual than following the semantic induction task). A significant 

interaction was found in the right middle temporal gyrus and the right globus pallidus (see 

table 3 and figures 10, 11, and 12).
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Brain region BA
cluster

size z score
x, y, z (in MNI

coordinates)
right middle temporal gyrus 22 86 3.94  56    -38      4
right globus pallidus 47 3.66   22      2     -10

Table 3: Significant results for the critical condition: interaction “Priming Per > Sem”, i.e., greater activation in the incongruent than 

congruent condition which is greater following the perceptual than following the semantic induction task (BA = Brodmann area).

Figure 10: Contrast interaction “Priming Per > Sem”: significant brain activation in the right middle temporal gyrus, threshold p < 0.001 

(uncorrected), extent threshold k = 39. 

Figure 11: Contrast interaction “Priming Per > Sem”: significant brain activation in right globus pallidus, threshold p < 0.001 (uncorrected), 

extent threshold k = 39.
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Figure 12: Interaction “Priming Per > Sem”: Contrast estimates and confidence intervals (90 %) for the four experimental conditions as a 

function of induction task and congruency.

An assessment of the interaction between induction task and priming with greater 

activation in the incongruent than in the congruent condition which is greater following the 

semantic than the perceptual induction task yielded no results.

 

Discussion

In this fMRI experiment, which was devised to explore the neuroanatomical correlates 

of top-down modulation of subliminal visuo-motor priming, matter of interest was the 

interaction between induction task and priming, i.e., greater priming (greater activation in the 

incongruent than in the congruent condition) following the perceptual than following the 

semantic induction task (see table 3 and figures 10, 11, and 12). Firstly, activation in the right 

middle temporal gyrus was found. Activation of this area has been reported in studies where 

participants acquired action knowledge (e.g., how to handle new objects; Kiefer, Sim, 

Liebich, Hauk, & Tanaka, 2007; Weisberg, van Tourennout, & Martin, 2007). Moreover, this 

region has gained attention as an area which is implicated in motor functions such as action 

understanding (Lingnau & Petris, 2013) or as an important instance for the association of 

actions and meanings (Kalénine, Buxbaum, & Coslett, 2010). Secondly and importantly, a 

significant activation of the right globus pallidus, which is part of the basal ganglia, could be 

obtained. As said, the basal ganglia are a central instance in motor functioning and the globus 
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pallidus in particular constitutes a main output instance for the motor system (e.g., Konczak, 

2008; Toni et al., 2002). Hence, this result suggests that in the perceptual induction task 

action selection in the BG is supported by prefrontal top-down signals (Toni & Passingham, 

1999) so as to differentially influence the motor response.  

Somewhat surprising is the absence of differential activation in parietal brain areas and 

frontal motor areas. Supposedly, this finding is owed to the fact that these areas are more 

distal from the primary visual area and rather constitute the final processing pathway of visuo-

motor processing such that activation caused by the prime might have decayed by that time 

resulting in no differential brain activation in these more distal areas. Beyond that, this would 

constitute one more possible explanation for lacking differential behavioral effects (see also 

Experiment 1 and the discussion below) as reaction times represent the output of an entire 

processing chain (Kiefer et al., 2011).   

Experiment 3 was conducted to assess the neuroanatomical correlates of masked visuo-

motor priming in the frame of the attentional sensitization model since the method of fMRI 

offers the possibility to examine neuronal activity with higher spatial precision. The obtained 

results conform to predictions made by the attentional sensitization model as in the critical 

condition (priming greater in the perceptual than the semantic induction task) the 

neuroimaging data unveil activation in the basal ganglia and the middle temporal gyrus which

are essential brain areas devoted to action-related processing (see table 3 and figures 10, 11, 

and 12). When the semantic induction task is analyzed separately, priming effects were 

obtained (see table 2 and figure 9), but the crucial interaction of priming with induction task 

(priming greater in the semantic than the perceptual induction task) yielded no results thus 

corroborating the idea of the attentional sensitization model of a top-down modulation of 

unconscious visuo-motor processing by attentional sets: The perceptual induction task 

sensitized processing pathways and activated brain areas that are responsible for visuo-motor 

processing while in the semantic induction task no such differential activation was found.
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The d’ measure of prime visibility in the semantic induction task obtained in the prime 

identification test after the main experiment significantly deviated from zero and could be an 

indicator of partial prime visibility. Again, I would argue that this is not probable for two 

reasons. On one hand, none of the participants subjectively reported to have noticed the 

masked primes in the debriefing after the main experiment. On the other hand, unconscious 

visuo-motor priming effects could again have biased responses in the visibility test: 

Established stimulus-response mappings could have increased the likelihood of correct 

responses in the prime identification test because again two shapes were assigned to each 

response category as in the target task of the main experiment (see, Zovko & Kiefer, 2013).  

Like in Experiment 1, no behavioral priming effects could be found. I suppose that the 

absence of reaction time effects in this experiment is again due to the exclusive use of the 

short RPI of 200 ms which probably rendered the task more difficult resulting in an increase 

of variance in response latencies which in turn concealed behavioral priming effects. 

Additionally, it could again be argued that visuo-motor priming based on mere response 

congruency is too weak to produce reliable priming effects compared with repetition priming 

that fosters direct visuo-motor mapping (Ro et al., 2009; Zovko & Kiefer, 2013; see 

Experiment 1 of this work and the discussion above). Beyond that, reaction times of the 

perceptual and semantic induction tasks differed significantly indicating greater difficulty in 

the semantic decision task. This should not be neglected as in an earlier work by Martens and 

Kiefer (2009) masked priming as evidenced in ERPs was reduced subsequently to a difficult 

compared to an easier decision task suggesting that subliminal prime processing requires 

attentional processing capacity. Nevertheless, it is unlikely that the results of this 

neuroimaging study are heavily influenced by a possible difference in difficulty of the 

primary task as – unlike the study of Martens and Kiefer (2009) – reaction times in the primed

target task, which remained constant in both induction tasks, were comparable across 

conditions; for the congruent condition in the semantic induction task reaction times were 
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even slightly (but not significantly) lower. Taken together, the presented neuroimaging study 

nicely adds evidence to the idea of a top-down modulation of unconscious cognition by 

selectively sensitizing task-relevant information processing pathways while deemphasizing 

task-irrelevant pathways. 

7. Affective priming – the attentional sensitization model extended to further domains

As has been introduced at the outset, unlike visuo-motor processing which largely draws

on cortical brain areas and the basal ganglia, apart from cortical brain areas affective 

processing is said to essentially rest on the amygdala, and I was interested to see whether 

unconscious affective processing was equally susceptible to top-down modulation by 

attentional sets. 

Ample research on automatic emotional processing was ignited by a priming study 

conducted by Fazio et al. (1986) who found that volunteers were quicker in evaluating an 

emotional word (e.g., ‘disgusting’) as positive or negative and made fewer errors when it was 

primed by a word with the same valence (e.g., ‘death’) as compared to when it was primed 

with a word of the opposite valence (e.g., ‘love’). The authors concluded that attitudes can be 

activated automatically from memory upon the mere encounter of an attitude object and that 

by this way influence on subsequent evaluative judgments is exerted. However, as has been 

introduced above, there is accumulating evidence that attentional orientation to emotional 

stimulus features is necessary for affective priming effects to occur (see for instance, Spruyt et

al., 2007; 2009) indicating that automatic affective priming effects are malleable by top-down

influences. 

The mechanisms, upon which the affective priming effect is assumed to be based, have 

been lively disputed. A semantic priming account as proposed in a review by Fazio (2001) 

views the affective priming effect as the result of spreading activation in a semantic network 

which brings about heightened accessibility to related concepts. On the other hand, a response
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priming account would explain affective priming effects as the outcome of interference of 

response tendencies that are automatically elicited (e.g., Klinger, Burton, & Pitts, 2000; 

Wentura, 1999). Hypotheses have been tested by varying stimulus modality, such as using 

words vs. pictures, and the target task that participants had to perform, such as using semantic

categorization, evaluative decision or a naming task (see for instance, De Houwer, Hermans, 

Rothermund, & Wentura, 2002; Bargh, Chaiken, Raymond, & Hymes, 1996; Hermans et al., 

1994; Spruyt et al., 2007; 2009). Evidence in favor of both accounts has been obtained and so 

far no sufficiently clear picture of the mechanisms underlying affective priming has emerged.

Of particular interest in the mentioned EEG study of Nieberle (2012) was the question 

which mechanisms take effect in subliminal affective priming in the frame of evaluative 

decision tasks. In that study, both primes that did not appear as targets (and thus remained 

unseen) and primes that also appeared as targets (and thus were familiar to volunteers) were 

used. In so doing, it is possible to assess whether priming effects rest on acquired stimulus-

response mappings (as would be the case when priming effects only occur when the prime 

was also used as a target; see for instance, Abrams & Greenwald, 2000) or on semantic pre-

activation as would be concluded when priming also extends to novel, unseen stimuli (see for 

instance, Naccache & Dehaene, 2001). Moreover, to elucidate affective priming mechanisms 

also as a function of stimulus modality, in the study by Nieberle (2012) both words and 

pictures were used in a unimodal priming procedure. Results show a fairly mixed pattern: 

Behavioral measures (RT) revealed subliminal affective priming effects for both verbal and 

pictorial stimuli; while the priming effect for words was larger and was confined to familiar 

primes thus suggesting acquired stimulus-response associations being involved in this effect, 

an extension of priming to novel stimuli was only observed for pictures hinting to semantic 

stimulus processing in this condition. Analysis of ERPs on the other hand revealed subliminal

priming effects for both sorts of primes (familiar and novel) in both modalities suggesting that

the effects are not or not exclusively based on acquired stimulus-response mappings, even 
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more so since the classical centro-parietal N400 effect (Kutas & Hillyard, 1980) was obtained 

for familiar word primes (but not for pictures) suggesting semantic stimulus processing. 

Beyond that, EEG findings show different polarities and temporal courses for words and 

pictures. Taken together, the results of Nieberle (2012) hint to different mechanisms in 

affective priming of words and pictures; these mechanisms seem to operate as a function of 

stimulus modality and prime familiarity. Nevertheless, in conclusion the author argues that for

an evaluative decision words have to be semantically analyzed in the first place (not 

precluding additionally acquired stimulus-response associations) while for pictures perceptual

features could be drawn upon for an evaluative decision thus evading semantic analysis which

would also explain the shorter latency and the lack of an N400 effect. 

In order to purposeful test this hypothesis, the proposed attentional sensitization model 

(Kiefer & Martens, 2010) constitutes a suitable tool as it holds the benefit of assessing the 

influence of different previously activated attentional sets on a subliminal priming task which 

is kept constant.

7.1 Experiment 4

Hence, in a first step, an affective priming study with pictures was conducted to 

examine whether affective priming with pictures relies on visual features or on semantic 

analysis of stimuli; only familiar primes were used because in the study of Nieberle (2012) 

these primes yielded stronger effects than unfamiliar primes. Prior to the presentation of the 

masked affective priming task, two different induction tasks – a shape vs. a semantic decision 

task – were administered in separate blocks to examine the modulatory effects of these two 

sorts of attentional sets on subliminal affective priming. According to the attentional 

sensitization model (Kiefer & Martens, 2010), subliminal affective priming effects should 

only be obtained following the perceptual induction task if perceptual characteristics are 

drawn upon for an evaluative decision on emotional pictures but not following the semantic 
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induction task, which should desensitize processing pathways devoted to the shape of an 

object. Conversely, if an evaluative decision on emotional pictures rests on semantic analysis, 

the attentional sensitization model (Kiefer & Martens, 2010) would predict an opposite 

pattern of results, i.e., subliminal affective priming effects should only be observed following 

the semantic induction task but not following the perceptual induction task, which should 

deemphasize processing pathways devoted to the meaning of an object. In the form induction 

task participants had to decide whether the presented object was circular or elliptical while in 

the semantic induction task subjects classified objects as living or non-living. Either induction

task was succeeded by the masked prime and the subsequent evaluative decision task. The 

time interval between the reaction to the induction task and the onset of the prime stimulus 

(response-prime interval, RPI) was 200 ms for half of the trials, the other half had an RPI of 

800 ms in order to obtain information about the temporal course of the effect of induction 

tasks on masked affective priming (Martens et al., 2011). The results predicted above are only

expected for the short RPI of 200 ms as research on task switching suggests that a task 

representation can be held up for about 600 ms after task completion (Rogers & Monsell, 

1995) and is thereafter inhibited (Mayr & Keele, 2000; Martens et al., 2011). In the evaluative

decision task, the participants performed right or left hand responses according to the valence 

of an emotional target picture (e.g., a snake or a sunset). This visible target was preceded by 

an emotional masked prime picture that either had the same or a different emotional valence 

(congruent vs. incongruent condition). 
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7.1.1 Method

7.1.1.1 Participants

Twenty-four healthy, right-handed subjects (Oldfield, 1971) with normal or corrected-

to-normal vision participated in the fourth experiment. The ethics committee of the University

of Ulm approved of the study and all participants gave written informed consent. The data of 

four participants had to be discarded; three of them had a masked prime identification rate that

exceeded the confidence interval of chance performance of 65 % and one data set was 

excluded owing to technical problems during data recording. The remaining twenty 

participants (11 women) had a mean age of 23.5 years.

7.1.1.2 Material

Induction tasks for activating task sets. Stimuli for the semantic induction task consisted

of 200 black-and-white object pictures which were repeated once in order to yield 400 trials. 

Half of the pictures referred to an animate object, the other half depicted an inanimate object. 

Participants were instructed to decide by key press whether the displayed object was living or 

non-living as quickly and as accurately as possible. Stimuli for the shape induction task were 

another 200 different black-and-white object pictures which were repeated once in order to 

yield 400 trials as well. Half of these pictures referred to objects with a circular respectively 

elliptical shape. Participants’ task was to press a key indicating whether the presented object 

was circular or elliptical as quickly and as accurately as possible. The pictures of the 

induction task had a size of 170 pixels in width and 216 pixels in height. These object pictures

were part of the set of object pictures used in previous studies (Kiefer & Martens, 2010; 

Martens et al., 2011).

Masked priming paradigm. Prime and target stimuli consisted of eight colored pictures 

from the IAPS collection (International Affective Picture System; Lang, Bradley, & Cuthbert,

1999), half of which had a positive connotation (sunset, puppy-dogs, a white seal, and a 
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bunny), the other half had a negative connotation (snakes, cockroaches, breast cancer, and a 

rat); all prime and target pictures were equally often used as primes and targets. The masks 

consisted of eight scrambled color pictures which were randomly assigned. The size of these 

stimuli (including masks) was 287 Pixel in width and 215 Pixel in height. Prime, mask and 

target pictures were the same as the ones used by Nieberle (2012).  

7.1.1.3 Procedure

Each trial started with a fixation cross which was shown for 750 ms and then followed 

by an object picture of the induction task for 500 ms. Participants were instructed to decide as 

quickly and as accurately as possible whether the displayed object was living or non-living in 

the semantic induction task or whether it was circular or elliptical in the shape induction task. 

After responding to the induction task the forward mask appeared for 200 ms (short RPI) or 

800 ms (long RPI), succeeded by the prime shape for 33.5 ms, then a backward mask 

appeared for 33.5 ms. The mask was replaced by the target picture whereupon participants 

had to press the assigned response key as quickly and as accurately as possible. Volunteers 

had to respond according to the emotional valence of the target picture: Half of them 

responded with their right index finger to a positive target picture, but with their left index 

finger to a negative target picture. The other half of the participants was instructed to follow 

an opposite stimulus-response assignment (see figure 13). In half of all trials (400), the 

masked prime had the same (congruent trial), and in the other half (400) it had a different 

emotional valence (incongruent trial) as the target. Among these 400 trials, 16 filler trials with

an intermediate RPI of 500 ms for a smoother transition across RPIs were included but not 

analyzed (Martens et al., 2011). Thereafter, three hash marks prompted participants to initiate 

the next trial by a button press. All stimuli were displayed synchronously to the screen refresh

of 16.67 ms. The total number of 800 experimental trials was divided into eight blocks (four 

subsequent blocks for each induction task), whose order was counterbalanced across subjects. 
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Blocks were separated by short breaks. Trial order within the blocks was randomized. After 

completing the main experiment, none of the participants reported prime awareness after 

debriefing. An objective measure of prime identification was obtained (Kiefer, 2002) using an

identical trial structure as in the main experiment. 96 trials per induction task were presented, 

and subjects had to identify the valence of the picture in between the masks and to perform 

the assigned key press while stressing accuracy over response speed. Only data from 

participants who were not able to correctly identify the masked prime stimulus (performance 

within the 95 % confidence interval of chance level) were included in the analysis.  

Figure 13: Trial sequence in Experiment 4. At the start of each trial, a shape or a semantic induction task with one picture of an object 

appeared for 500 ms (depicted pictures are examples for decision classes). Participants had to classify the object either according to its form 

(shape induction task) or whether it is living or non-living (semantic induction task). Thereafter, the masked prime picture and the target 

picture were presented. The valence of the target picture had to be reported by a left- or right-hand response.
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7.1.1.4 Electrophysiological recordings and statistical analysis

The parameters of electrophysiological recordings were the same as in Experiments 1 

and 2. According to the results of the study by Nieberle (2012), the electrophysiological 

affective priming effect was defined as mean voltage in the time windows of 100 to 200 ms 

and 425 to 525 ms after target onset at electrodes in the fronto-central region (electrodes F1/2,

AF3/4, and FP1/2). Moreover, in order to test a possible N400 effect of semantic processing 

(Kutas & Hillyard, 1980), a centro-parietal electrode cluster in the time window of 450 to 550

ms was examined (electrodes FC1/2, C3/4, CP1/2, CP3/4, and P1/2; see Nieberle, 2012). 

Repeated-measures ANOVAs were performed on mean voltages with RPI, induction task, 

response congruency of prime and target, hemisphere, and electrode site as within-subject 

factors (p-level of .05). Only effects involving the factor congruency are reported.

7.1.2 Results and discussion

Masked prime identification was close to the chance level of 50 % (mean shape = 51 %, 

mean semantics = 50.9 %). A two-tailed paired t-test showed no significant difference of d’ 

between the shape (m = 0.08, sd = 0.26) and the semantic (m = 0.05, sd = 0.21) induction 

task, t(19) = 0.44, p > 0.66. D’ in both induction task conditions did not significantly differ 

from zero (both p’s > .17).

For the analysis of reaction times (RT), outliers were rejected as in Experiments 1 – 3, 

and median RT of correct responses was calculated per condition. Reaction times in the 

induction tasks (2.96 % outliers) significantly differed from each other (mean shape = 513 ms,

mean semantic = 556 ms; t(19) = -4.87, p < .001). In the primed target task (mean RT of the 

incongruent vs. congruent conditions following the shape induction task in the short RPI 

condition, 562 vs. 558 ms, following the semantic induction task, 563 vs. 569 ms; in the long 

RPI condition 540 vs. 539 ms and 543 vs. 540 ms, respectively; 2.73 % outliers), a repeated 

measures ANOVA of median RT of correct responses revealed a significant triple interaction 
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of induction task by RPI by congruency, F(1,19) = 4.85, p = .04, p
2 = .20. This interaction 

was further examined by Fisher’s LSD post hoc tests which revealed a significant inverse 

priming effect (shorter RT in the incongruent than the congruent condition, 563 vs. 569 ms) 

following the semantic induction task in the short RPI condition (p < .05; see figure 14). 

Analysis of error rates (ER) yielded no significant results (shape: 7.5 %, semantic: 6.9 %).

Figure 14: Mean evaluative decision latencies (N = 20) as a function of RPI, induction task and prime-target congruency. The vertical lines 

depict the standard deviation of each condition, and the asterisk indicates the significant inverse masked affective priming effect in the 

semantic induction task in the short RPI condition (p < 0.05).

Analysis of ERP priming effects in the fronto-central region in the time window of 100 

to 200 ms yielded a significant interaction of RPI by induction task by congruency, F(1,19) = 

5.31, p < .033, p
2 = .22. Fisher’s LSD post-hoc tests revealed significant priming only 

following the shape induction task in the short RPI condition (p < .02) indicating a more 

negative deflection in congruent than in incongruent trials. Following the semantic induction 

task, this ERP difference was not significant for either RPI. Analyses in the time window of 

425 to 525 ms revealed similar results: I found a marginally significant interaction of RPI by 

induction task by congruency, F(1,19) = 3.94, p < .062, p
2 = .17 (see figure 15). Analyses in 

the centro-parietal region in the time window of 450 to 550 ms (N400 effect) yielded no 

significant results (all p > .12).
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Figure 15: Grand-Averaged ERPs (N = 20) from Experiment 4: ERPs from the fronto-central electrode cluster as a function of induction task

(shape, left and semantics, right), response-prime interval (RPI; 200 ms, above and 800 ms below) and prime-target congruency are shown. 

As statistical analyses did not yield significant effects of hemisphere, voltages were collapsed across electrode sites within this scalp region 

of interest. The target onset is indicated by the long vertical lines. The analyzed time windows are indicated by shading. The significant 

masked affective priming effect is highlighted by an asterisk (p < .05). The voltage maps display the topography of the affective priming 

effect when the interaction of induction task by congruency was significant. Shown are difference ERPs (congruent condition minus 

incongruent condition) interpolated across the entire scalp using spherical splines and coded in color. The ERP plots show a significant 

masked affective priming effect only subsequently to the shape induction task in the short RPI condition but not subsequently to the semantic

induction task in either condition.

Discussion

As could be seen, the research question of Experiment 4 can be answered in a fairly 

straightforward manner: The ERP data clearly demonstrate subliminal affective priming of 

pictures following the perceptual induction task but not following the semantic induction task.

The shape induction task differentially sensitized processing pathways which are devoted to 

perceptual object features which enhanced subsequent masked affective priming of pictures 

whereas a semantic induction task attenuated affective priming of pictures. The topography of

the ERP effects is in good agreement with the findings in the (unpublished) study of Nieberle 
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(2012) where in the picture condition significant affective priming effects were found over the

fronto-central region while no N400 effect of semantic processing over centro-parietal regions

was observed. 

To date, there are few published studies that have been concerned with the 

electrophysiological correlates of possible mechanisms underlying affective priming in an 

evaluative decision task and to my knowledge, there is no published affective priming EEG 

study which used a unimodal priming procedure with pictures as primes and targets like in the

study presented here. 

Using words as primes and targets, however, Bartholow, Riordan, Saults, and Lust 

(2009) advocated a response conflict account of affective congruency effects in the evaluative

decision task as they found effects in the fronto-central N2, which is considered a conflict 

monitoring component (see, Botvinick et al., 2001) and the lateralized readiness potential as a 

measure of motor activation (LRP; see, Coles et al., 1988). Zhang, Lawson, Guo, and Jiang 

(2006) propose a spreading activation account as a likely mechanism in affective priming as 

in their study the N400 component (Kutas & Hillyard, 1980) as an index of semantic 

processing was found. Applying a cross-modal priming procedure (pictures as primes and 

words as targets), Zhang, Li, Gold, and Jiang (2010) again found an N400 effect of semantic 

processing while Eder, Leuthold, Rothermund, and Schweinberger (2012) obtained mixed 

electrophysiological results (both N400 and LRP effects) favoring the view that both semantic

and response conflict processes contribute to affective priming effects in the evaluative 

decision task. 

With regard to my study, on one hand N400 effects of semantic processing (Kutas & 

Hillyard, 1980) were not observed at all. On the other hand, negativity over fronto-central 

regions was greater for congruent than for incongruent trials (see figure 15) and not the other 

way around as would be indicative of a response conflict taking place, thus suggesting that 
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response conflict was not a major issue in affective priming with pictures either. The LRP was

not assessed in this study.

Again, behavioral results (RT) were less clear-cut. Following the perceptual induction 

task, there was a small but non-significant priming effect of 4 ms while an inverse priming 

effect of 6 ms was obtained following the semantic induction task (both for the short RPI). 

For the perceptual induction task on one hand, it could be assumed that variance, which stems

from processes originating from the induction task, could have overwritten masked priming 

effects as they constitute rather small effects (for a comparison, in the study of Nieberle, 

2012, which was conducted without the administration of induction tasks, the affective 

priming effect in the picture condition was about 6 ms and reached significance; for a more 

in-depth discussion on the dissociation of behavioral and neurophysiological effects, see the 

General Discussion). On the other hand, an inverse affective priming effect has been observed

following the semantic induction task. One possible explanation for this observation is 

provided in the works of Wentura and colleagues (Wentura & Frings, 2008; Wentura & 

Rothermund, 2003) who state that affective priming effects can be accounted for by both  

reciprocal encoding facilitation and response competition (between prime and target): 

Wentura and Rothermund (2003) argued that valence-congruent primes and targets support 

each other in establishing and maintaining their respective representations (which could be 

reinforced by the semantic induction task). Additionally, due to the fact that all primes in this 

study were also used as targets, thus were familiar and stimulus-response mappings could 

have been formed as well, according to Wentura and Rothermund (2003) a response conflict 

might have been relatively high in the congruent condition which could have led to higher 

reaction times and thus to an inverse affective priming effect (see also, Wentura & Frings, 

2008). Nevertheless, given the electrophysiological results from the EEG, which as explained 

poses a highly sensitive measure and clearly reveals no significant influence of the semantic 
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induction task on affective priming, I would argue that the described presumable influence in 

the semantic induction task was relatively small. 

Finally, median RT to the perceptual and the semantic induction task significantly 

differed from each other indicating higher difficulty in the semantic induction task – a matter 

which deserves to be discussed. As in Experiment 3, I would argue that it is unlikely that the 

results of this study are heavily influenced by a difference in difficulty of the primary tasks as 

reaction times in the primed target task were similar across induction task conditions.

Taken together, the ERP priming effects clearly show that subliminal affective priming 

of pictures is modulated by attention to perceptual features of an object by sensitizing 

processing pathways which are devoted to object shape while affective priming is attenuated 

following the semantic induction task. This outcome corroborates the assumptions introduced 

at the outset in that for an evaluative decision on emotional pictures perceptual features are 

drawn upon and semantic analysis is evaded which is also supported by lacking N400 effects. 
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8. General Discussion

In the General Discussion, I will firstly revert to the primary empirical findings from the

four experiments presented in this work and then address limitations of these findings before I

conclude with possible future directions of research as well as the general theoretical and 

practical implications of the results of this work.

Starting point of the considerations was that there is accumulating evidence of a top-

down modulation of unconscious automatic processing (e.g., Ansorge & Neumann, 2005; 

Kunde et al., 2003; Tapia et al., 2010) which, as said, is at odds with classical theories of 

automaticity that posit that unconscious automatic processes are insusceptible to top-down 

influences like attention, intentions or task sets but operate in an independent and invariant 

manner (Posner & Snyder, 1975; Schneider & Shiffrin, 1977). 

To further elucidate the issue of top-down influences on unconscious automatic 

processing, Kiefer and Martens (2010) developed the attentional sensitization model of 

unconscious cognition introducing an induction task paradigm, which offers the possibility to 

very purposeful test the influence of different attentional task sets on subsequent unconscious 

(and also conscious) priming processes in various cognitive domains like visuo-motor, 

semantic, spatial, and affective priming.   

In further probing the attentional sensitization model of unconscious cognition (Kiefer 

& Martens, 2010), for the present work I conducted three subliminal visuo-motor priming 

experiments with geometrical shapes as primes and targets (Experiments 1-3) and one 

subliminal affective priming experiment with emotional pictures as primes and targets 

(Experiment 4) by means of electroencephalography (EEG; Experiments 1, 2, and 4) and 

functional magnetic resonance imaging (fMRI; Experiment 3).

Specifically, the aim of the studies presented in this work was to further explore the 

boundary conditions of top-down modulation of unconscious cognition in the frame of the 

attentional sensitization model of unconscious cognition (Kiefer & Martens, 2010) by 
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investigating a fine-grained differential attentional sensitization within the perceptual 

subdomains of shape and color of objects (Experiments 1 and 2). Afterwards, I moved on to 

explore the neuroanatomical correlates of visuo-motor priming (Experiment 3). Finally, top-

down modulation of unconscious affective processing was tested with a view to obtain one 

piece of evidence for the generality of the attentional sensitization model of unconscious 

cognition (Kiefer & Martens, 2010) in extending it to a further cognitive domain, namely that 

of emotional processing. 

Boundary conditions for masked visuo-motor priming

In Experiments 1 and 2, theoretical predictions regarding top-down influence on 

unconscious visuo-motor processing at a fine-grained scale were nicely conformed by 

empirical data. In both experiments, ERP priming effects could only be shown subsequently 

to the form decision task, but not subsequently to the color decision task, thus suggesting that 

automatic visual processing can be differentially modulated by attentional sets (‘task sets’) 

even on a finer grained level within the perceptual domain (shape vs. color): Masked ERP 

priming effects were obtained only when the form-related visual pathways that are relevant 

for shape-based visuo-motor priming were sensitized. 

These findings are in line with earlier reports of a top-down modulation of masked 

visuo-motor priming by action intentions (e.g., Ansorge & Heumann, 2003; Ansorge & 

Neumann, 2005; Ansorge et al., 2009; Kunde et al., 2003; Tapia et al., 2010). Let us recall 

that for example Ansorge et al. (2009) varied action intentions towards visible colored 

geometrical target shapes, which were preceded by metacontrast masked colored shapes. They

observed that the subliminal prime only facilitated the response to the target, when it matched 

the prepared action intentions, i.e., whether shape or color was task-relevant. 

Results from Experiments 1 and 2 extend earlier work on attentional sensitization of 

unconscious cognition (Martens et al., 2011) in showing that the proposed mechanism of 
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selectively enhancing or attenuating processing pathways not only affects coarser cognitive 

domains such as semantic vs. visual perceptual processing but also applies for specific visual 

dimensions such as shape and color of objects. Drawing attention to one of these stimulus 

dimensions selectively via the induction task paradigm differentially influenced processing of 

the unconsciously perceived subsequent prime (a geometrical shape) and boosted or 

attenuated masked visuo-motor priming effects.

Importantly, these modulatory effects on priming cannot be attributed to a differential 

difficulty of induction tasks because RTs and ER did not differ significantly. This is 

important, because an earlier study by Martens and Kiefer (2009) found attentional processing

capacity to be a prerequisite for masked prime processing: Masked priming was reduced 

following a difficult compared with an easy primary task.  

However, one has to bear in mind that the visual system is organized in a hierarchical 

manner, where brain regions responsible for object recognition are situated in higher visual 

areas (the lateral occipital complex, the ventral occipito-temporal region, parts of the parietal 

lobe and dorsal aspects of the lateral occipital complex) whereas color processing is ascribed 

to intermediate and early visual areas (areas V1, V2, and V4/V8; for an overview, see Grill-

Spector & Malach, 2004). Research has shown that attention has a stronger effect on 

processes which rest on brain areas located at higher stages in the hierarchy of visual 

processing (Maunsell & Cook, 2002). Thus, the question is raised whether results from my 

first two experiments could depend on a difference in hierarchy of visual processing of shape 

and color such that the differential priming effect following the form induction task could in 

fact be owed to a higher sensitivity of form related in contrast to color related visual 

processing towards attentional influences and not to the induction task per se. An experiment 

with a subliminal priming procedure with color as a priming-relevant feature while keeping 

the induction tasks from Experiments 1 and 2 would shed light on this question – further 

research is warranted.  
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Neuroanatomical correlates of visuo-motor priming

Results from Experiment 3, which explored the neuroanatomical correlates of visuo-

motor priming by functional magnetic resonance imaging (fMRI), corroborate the notion of a 

differential modulation of unconscious visuo-motor processing by top-down influences in that

they directly reveal activation in brain regions which are central instances for motor 

processing: The globus pallidus as part of the basal ganglia, which constitutes a crucial output

instance to motor regions (e.g., Konczak, 2008), exhibited a significantly greater priming 

effect following the perceptual than following the semantic induction task. As has been 

explicated, prefrontal top-down signals are assumed to exert an influence on unconscious 

automatic processes by increasing or decreasing the sensitivity of processing pathways for 

incoming sensory stimuli (Kiefer & Martens, 2010; Reynolds et al., 2000). In incongruent 

trials, a competitive situation emerges where conflicting response tendencies must be resolved

and the appropriate response in the primed target task must be selected. Research on basal 

ganglia function (e.g., Aron et al., 2003; Gillies & Arbuthnott, 2000; Toni & Passingham, 

1999) assigns a crucial role to this group of nuclei in resolving the competition by focusing on

response selection and inhibition which is governed by prefrontal top-down signals as 

executive control. Moreover, activation in the middle temporal gyrus as an instance for motor 

learning (Kiefer et al., 2007; Weisberg et al., 2007) and for the association of action and 

meaning (e.g., Kalénine et al., 2010) further supports the notion of the attentional sensitization

model (Kiefer & Martens, 2010) in that the perceptual task set as a prefrontal top-down 

influence selectively enhances the sensitivity of pathways for unconscious visuo-motor 

processing. Finally, this finding of a differential activation of the middle temporal gyrus 

following the perceptual induction task could provide an informative basis for the question 

where the ERP effects observed in Experiment 1 might possibly have their origin (see, 

Olejniczak, 2006). 
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An fMRI study by Wolbers et al. (2006), which also investigated subliminal response 

priming with visual shapes and which moreover assessed connectivity within the brain by 

means of a psychophysiological interaction analysis, corroborates the assumption of top-down

control on unconscious visuo-motor processes: While no activation differences in the sense of

congruency effects were reported in that study either, the connectivity analysis revealed the 

pre-supplementary motor area in the frontal cortex to exert higher-level strategic control over 

visual processing in the lateral occipital complex and motor selection in the basal ganglia. 

As can be seen from the results of my EEG and fMRI studies, it is worthwhile to use 

methods that complement each other due to their different spatial and temporal precision in 

order to elucidate the processes underlying unconscious visuo-motor cognition: On one hand, 

due to its excellent temporal resolution, the method of the EEG shows that effects occur as 

early as approximately 100 ms after stimulus onset and thus much earlier than the overt 

reaction takes place, which is not feasible by fMRI. On the other hand, the method of fMRI 

with its better spatial resolution is apt to reveal even subcortical activations like that in the 

basal ganglia and allows for conclusions about the possible neuronal generators of an effect – 

the middle temporal gyrus in this case – which cannot be accomplished by EEG. Hence, in 

striving for a higher gain of scientific insight, it is indispensable to use methods that 

complement each other regarding their temporal and spatial resolution in order to better 

understand the temporal course and the neuronal correlates of an effect.    

Attentional modulation of masked affective priming

Experiment 4 was conducted to probe the generality of the attentional sensitization 

model of unconscious cognition (Kiefer & Martens, 2010). A subliminal affective priming 

EEG study was devised and thus the susceptibility of emotional processing to top-down 

modulation was tested. A crucial instance in emotional processing is the amygdala (e.g., 

LeDoux, 1995), a subcortical structure in the medial temporal lobes. The amygdala receives a 
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dense projection from the orbitofrontal cortex which is a nexus for sensory integration, 

decision making and reward learning as it receives sensory input from all modalities 

(Kringelbach, 2005; Rempel-Clower, 2007). 

ERP results show that subliminal affective priming of pictures can indeed be modulated 

by top-down influences, namely by attention to perceptual in contrast to semantic features of 

an object: The form induction task, which sensitizes processing pathways devoted to the 

visual shape of an object facilitates subliminal affective priming with pictures while a 

semantic induction task attenuates affective priming with pictures. These ERP effects 

presumably reflect emotional information processing in the orbitofrontal cortex and the 

amygdala (see, Kringelbach, 2005; Rempel-Clower, 2007) with the orbitofrontal cortex as a 

cortical structure with its strong connections to the amygdala being a possible generator of 

these effects (see, Olejniczak, 2006).  

Firstly, these results underpin earlier findings of a susceptibility of affective priming 

effects to attentional orientation, thus adding further evidence to the notion that affective 

priming is not an unconditional automatic effect but can be modulated by top-down control: 

Spruyt and co-workers (Spruyt et al., 2007; 2009; Spruyt, De Houwer, Everaert, & Hermans, 

2012) for example observed automatic affective priming effects in a pronunciation task only 

as a function of the degree to which volunteers specifically attended to affective stimulus 

information. Results from my study, where exclusively evaluative decision tasks were used 

and thus the focus on affective information was stronger, show that top-down attention to the 

visual shape of an object facilitates access to emotional information of pictures as evidenced 

by differential affective priming effects following the form induction task. 

Secondly, as has been mentioned in the introductory section, such an outcome can 

contribute to progress in the field of psychotherapeutic treatment of disorders and affliction in

the affective domain. For example, the method of Mindfulness-Based Stress Reduction 

(MBSR; e.g., Kabat-Zinn, 1990) consists of (among other techniques) directing attention to 
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neutral features of a stressful issue or situation and has been successful in reducing stress, 

negative emotions, and other ailments by this way. Results from the present study add one 

further piece of scientific evidence that emotional processes can be modified by attentional 

orientation, even on an unconscious level.   

Beyond that, one aim of Experiment 4 was to elucidate the question which mechanisms 

take effect in subliminal affective priming with pictures in the frame of evaluative decision 

tasks, i.e., whether affective priming effects rest on acquired stimulus-response mappings 

(e.g., Klinger, Burton, & Pitts, 2000) or on semantic preactivation (e.g., Fazio, 2001).   

As has been elaborated on in the experimental section, no N400 effect of semantic 

processing (Kutas & Hillyard, 1980) could be detected. As for the issue of response-related 

processes being responsible for the observed affective priming effect, one has to bear in mind 

that all primes were also presented as targets and were therefore familiar to volunteers, thus 

response facilitation or response interference due to established stimulus-response mappings 

theoretically could have played a role in causing the observed affective priming effect (e.g., 

Wentura, 1999). To elucidate this matter, the same posterior electrode cluster which was at 

the basis of the response priming effects of Experiments 1 and 2 of this work was also 

analyzed for Experiment 4. Results did not yield significant effects; merely a marginally 

significant result could be obtained for the earlier time window. This result suggest that it 

cannot be entirely excluded that visuo-motor processes play a role in affective priming of 

pictures but – given the rather weak posterior effects – affective priming seems to involve 

partially different processes than response priming does such that affective priming effects 

cannot be solely explained by response priming. This view is underpinned by a lack of an N2 

effect which would otherwise be indicative of response competition being a major factor (see, 

Botvinick et al., 2001). 

One more observation strengthens the case against a major role of response priming 

mechanisms in affective priming: Unlike in the response priming experiments reported in this 
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work, the discrimination performance of participants in the prime detection task of 

Experiment 4 did not deviate from zero. As has been outlined in the experimental sections of 

the response priming studies, I assume that established stimulus-response associations during 

the main experiment could have increased the likelihood of correct responses in the prime 

identification test because two shapes were assigned to each response category just like in the 

target task of the main experiment. Hence, if a formation of stimulus-response mappings 

during the main experiment and thus unconscious response priming effects would have biased

responses in the prime identification task of this affective priming study, this would probably 

have resulted in a higher likelihood of correct responses in the prime detection task as well. 

As said, this was not the case and therefore one more aspect is added in disfavor of the 

possibility of response priming constituting a major influence in affective priming of pictures.

Taken together, the results of Experiment 4 suggest that affective priming with pictures 

involves processes that are distinct from semantic and response priming processes which 

allows for the conjecture that affective priming with pictures largely rests on cognitive 

operations, presumably emotional processes, in their own right. 

Physiological and behavioral measures of cognitive processing

As has already been briefly discussed in the experimental section, unlike in earlier 

studies (Martens et al., 2011), modulatory effects of induction tasks on behavioral measures 

(reaction times, RT) were not observed. As said, this could be ascribed to overall task 

difficulty (Experiments 1 and 3) and to the strong bottom-up influence of item repetition due 

to identity priming (Experiment 2). Moreover, as masked priming effects constitute rather 

small effects, they could easily be overridden by variance stemming from cognitive processes 

originating from the induction task (Experiment 4). RT are the result of an entire processing 

chain which encompass various processes (see discussion below) whereas neurophysiological 

measures have the advantage to capture information processing online and are thus more 
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sensitive as could be shown by the significant effects in ERPs (Kiefer, 2007; Kiefer et al., 

2011).  

In fact, as is discussed by Kiefer and Brendel (2006), who also found dissociations 

between behavioral and physiological measures, such findings have been obtained in several 

studies (e.g., Kiefer & Spitzer, 2000) and possible reasons for such results certainly have to be

discussed. 

As Kiefer and Brendel (2006) point out, it could be thought of differential sensitivities 

of different dependent variables (e.g., behavioral or neurophysiological measures) to 

experimental manipulations or their differential aptitude to capture various aspects of 

information processing. The authors argue that for instance some processes reflected by one 

measure (e.g., ERPs) could be too subtle and show a faster decay compared to processes 

captured by other measures (e.g., RT). As Kiefer and Brendel (2006) further elaborate, 

differences in decay of activation have been observed even for behavioral measures across 

studies (e.g., Greenwald, Draine, & Abrams, 1996), thus leading them to assume that different

dependent measures could be indicative of diverse constituents of psychological processing 

and hence might be differentially susceptible to experimental variation. 

A study by Heil, Rolke, and Pecchinenda (2004) also addressed the issue of 

dissociations between physiological and behavioral measures. In two more own studies, 

which were conducted to explore semantic priming, Heil and colleagues (Heil & Rolke, 2004;

Rolke, Heil, Streb, & Hennighausen, 2001) found reliable electrophysiological semantic 

priming effects as expressed by the N400 component (Kutas & Hillyard, 1980) while 

behavioral semantic priming effects (RT) were absent. The authors also argue that the N400 

component seems to be a more reliable indicator of priming effects than RT because it 

revealed differential priming effects not only for different procedures of priming but also of 

unattended distractors. Hence, Heil et al. (2004) advocate a distinction of experimental 

variation affecting behavioral performance from one influencing neurophysiological 
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measures. Sensitivity of a measure might not be high enough to reveal an effect or could be 

affected by other processes so that the presence of an effect is overwritten while a different 

measure of a psychological process might show its presence (Heil et al., 2004). 

Neely and Kahan (2001) were as well concerned with this issue in the context of 

semantic priming and in my opinion their reasoning is applicable to other forms of cognitive 

processing like visuo-motor or affective priming as well. The authors argue that the absence 

of semantic activation cannot be validly inferred from lacking RT effects as long as the 

requirements for a behavioral semantic priming effect to occur are not completely understood 

and therefore alternative, more sensitive measures of semantic activation are needed, for 

instance neurophysiological correlates (Neely & Kahan, 2001).    

To conclude, using neurophysiological measurement techniques such as the EEG or 

fMRI which are temporally or spatially more precise than behavioral measures such as 

reaction times, this work shows that to a certain extent unconscious automatic cognitive 

processing is subject to control by higher-level processes such as attentional orientation. As 

demonstrated by the studies reported on in this thesis, unconscious processes can be 

modulated by top-down influences both on a finer grained scale within a cognitive domain 

such as perceptual processing and in one more domain, namely that of affective processing. 

However, obtaining differential priming effects on a behavioral level (RT) as well 

would further underpin the idea of an attentional sensitization of unconscious cognition by 

top-down control. To that end, in further experiments one could ponder to eliminate the 

presumable reasons for the lack of RT effects which will be explained in further detail below 

when future research directions are addressed.     
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Implications for theories of automaticity and unconscious visual processing

In contrast to classical theories of automaticity (Posner & Snyder, 1975; Schneider & 

Shiffrin, 1977) that posit that unconscious processes are insusceptible to top-down influences,

my studies show that top-down control can indeed exert a directive influence on unconscious 

cognition in that it emphasizes task-relevant processing pathways. In continuing an existing 

line of research in the frame of the attentional sensitization model of unconscious cognition 

(Kiefer & Martens, 2010), a differential modulation of unconscious visuo-motor priming was 

found by juxtaposing two different attentional sets (shape vs. color) which remarkably pertain

to the same cognitive domain showing that attentional sensitization of unconscious cognition 

can take place even on a very fine-grained level. Functional imaging results underpinned the 

assumption that unconscious visuo-motor processes can be differentially modulated by task 

sets by revealing activity in brain structures indispensable for motor processing. Results from 

an affective priming study finally demonstrate the validity of the attentional sensitization 

model of unconscious cognition for one more domain, namely for that of emotional 

processing. In sum, these results together with previously obtained findings from this line of 

research (e.g., Adams & Kiefer, 2012; Kiefer & Martens, 2010; Martens et al., 2011; Martens 

& Kiefer, 2009) strengthen the case against the classical view of unconscious automatic 

processes being independent of higher-level influences and them proceeding in an invariant 

fashion (Posner & Snyder, 1975; Schneider & Shiffrin, 1977), even more so since conscious 

visibility of the primes could be ruled out in these studies and by this way an influence of 

conscious strategic processes can be excluded (Kiefer, 2007). 

The findings from these experiments also complement other existing refined theories of 

automaticity like the theory of direct parameter specification (DPS; Neumann, 1990): As said,

similar results in the domain of visuo-motor processing have been obtained for example by 

Ansorge and colleagues (Ansorge & Heumann, 2003; Ansorge & Neumann, 2005; Ansorge et

al., 2009). However, unlike in these earlier studies, in the experiments reported on here the 
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induction task paradigm in combination with pattern masked primes was used to study the 

effects of different previously activated perceptual or semantic task sets on subsequent 

subliminal prime processing. This demonstrates that attentional influences on unconscious 

processing are not confined to response preparation in the context of action intentions as 

proposed in the DPS theory by Neumann (1990), but are much more general and also include 

previously activated task sets as proposed in the attentional sensitization model (Kiefer & 

Martens, 2010). Moreover, these findings indicate that top-down control of unconscious 

cognition is not limited to temporal attention allocation either (see, Dehaene et al., 2006; 

Naccache et al., 2002) but also includes further top-down influences like attentional capacity, 

intentions, and task sets in various domains like visuo-motor, semantic, and affective 

processing (Kiefer & Martens, 2010).  

Hence, these findings shed further light on mechanisms of attentional control in 

unconscious cognition in demonstrating that unconscious cognitive processes can be 

enhanced or attenuated very specifically, so as to emphasize certain processing pathways 

while deemphasizing others.

Future research directions

In closing, to further investigate the power of the attentional sensitization model of 

unconscious cognition, it could be thought of studies which as suggested apply a subliminal 

priming procedure with color as a priming relevant feature. By this way, it could be assessed 

whether attentional sensitization of unconscious cognition can overcome differences in 

susceptibility to attention of visual brain areas devoted to the processing of different visual 

features due to their differences in visual hierarchy (see, Maunsell & Cook, 2002). 

Furthermore, it would be desirable to explore the precise way in which frontal, posterior and 

subcortical brain areas interact by conducting a connectivity analysis, e.g., a dynamic causal 

modeling analysis (DCM). It would be very interesting to see whether such a connectivity 
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analysis would yield a connectivity pattern following the perceptual induction task which is 

similar to the one observed in the study by Wolbers et al. (2006; see above) and which could 

thus reveal the causal relations of processes underlying attentional sensitization of 

unconscious cognition in order to corroborate the central assumption of the attentional 

sensitization model of a selective sensitization mechanism in processing pathways by 

attentional sets. 

As for the issue of lacking priming effects (see above), it could be worthwhile to 

conduct experiments with slightly altered experimental parameters to see whether clearer 

behavioral priming effects would occur. For instance, response priming with visual shapes 

could be rendered easier by reducing the stimulus set and/or by slightly prolonging the RPI 

(e.g., to 400 ms) to reduce overall task difficulty and to possibly reduce variance stemming 

from the induction task which could overwrite already small subliminal priming effects. 

Moreover, one could think of a modified visuo-motor priming procedure, i.e., using a 

metacontrast priming paradigm where the mask serves as a target at the same time (see, Klotz 

& Neumann, 1999). By this way, it could be assessed whether – as suggested by Eimer and 

Schlaghecken (1998) who used a similar masking procedure as applied in my studies and who

obtained even inverse behavioral priming effects – a mechanism of inhibition possibly exerts 

an effect during this particular masking procedure. Eimer and Schlaghecken (1998) argue that

the visuo-motor control system probably interrupts current response activation when sensory 

input is abruptly eliminated as is the case when the mask is presented after the prime and 

before the target. Thus, it would be very interesting to probe this account to gain further 

insight in the processes involved in unconscious visuo-motor priming.  

It will also be up to future research to continue empirical testing of the attentional 

sensitization model of unconscious cognition in further domains, e.g., spatial cognition (see, 

Ansorge et al., 2010). Administering various attentional sets (e.g., perceptual vs. semantic vs. 

spatial vs. affective) and stimuli (e.g., words vs. pictures) to evoke unconscious processes, 
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further insight about the specific nature of different visual processes and the boundary 

conditions of these processes can be expected.

Finally, further research could also shed light on the question whether attentional 

sensitization by means of task sets not only works for unconscious processes, but also has an 

impact on unmasked, i.e., conscious processes. Findings from experiments using an induction 

procedure with unmasked primes would provide further information on the generality of the 

attentional sensitization model in elucidating whether attentional sensitization by task sets is a

general mechanism which holds both for unconscious and conscious visual processing and 

which thus both could be modulated in accordance with higher-level goals.

Conclusion

Facing a tremendous continuous influx of stimuli from the environment in our everyday 

lives, we would be seriously impaired in pursuing intended goals and in optimizing 

corresponding ongoing behavior if automatic processes were completely autonomous, as has 

been suggested by classical theories of automaticity. 

The proposed attentional sensitization mechanism in contrast allows for preemptive top-

down control of automatic processes to facilitate goal-directed processing already at relatively

early processing stages. This demonstrates a considerable adaptability of our cognitive system

to achieve goals we aim for amidst a myriad of potentially distracting influences.
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