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ABSTRACT 

Whether or not awareness is necessary for complex cognition and consequent 

behaviour continues to be debated. A series of recent studies have focused one particular 

cognitive function – judging the same/different relation of a pair of stimuli – and appear 

to show that this can occur with no subjective visual consciousness of the same stimuli. 

In this thesis, we explore the context and limits of this form of unconscious integration, 

with a focus on two concerns. First, an unconscious process simpler than genuine 

integration may be sufficient to account for previous effects involving multiple stimuli. 

Second, intermittent stimulus awareness could be responsible for driving these effects, 

and so any responsible process may not truly be unconscious. We investigate these issues 

using several paradigms and two novel additions: a richer stimulus set that eliminates 

some alternative explanations, and a new approach for assessing the absence of 

awareness. This exploration features converging evidence from four behavioural 

experiments. In Experiment 1, we replicate and extend an earlier finding of unconscious 

integration when participants subjectively report no awareness of the stimuli. 

Experiment 2 shows that this effect obtains when using a larger stimulus set, and when 

participants fail to identify the integrated stimuli. Finally, Experiments 3 and 4 test 

whether this unconscious integration of relation generalizes to classic masked priming 

paradigms. These results are discussed in the context of unconscious integration in 

particular, and with regard to theoretical and methodological issues in the general field 

of unconscious research. 
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PREFACE 

Thesis in Brief 

Consciousness, as a subjective sense of awareness, is widely thought to play a 

critical role in higher-level, postperceptual cognition, though the details of that role 

remain elusive (Seth, 2009). Conscious vision (or visual awareness) is not better 

understood, but is accepted to be closely associated with visual attention and visual 

working memory. Studies of unconscious processing constrain the development of 

theories of the functions and evolution of consciousness by delineating conditions in 

which awareness is not necessary. A resurgence of interest in the field in recent decades 

has led to various claims of perceptual or cognitive operations that can be performed even 

as normal observers remain unable to report their operands (Hassin, 2013; Kouider & 

Dehaene, 2007; Merikle & Reingold, 1998; Van den Bussche, Van den Noortgate, & 

Reynvoet, 2009). Yet the robustness of these findings remains unclear, with many studies 

drawing scrutiny for methodological and statistical concerns (Hesselmann & Moors, 

2015; Kanai, Tsuchiya, & Verstraten, 2006; Newell & Shanks, 2014). Nevertheless, 

research into unconscious processing is an invaluable tool for studying consciousness.  

Mudrik, Faivre, and Koch (2014) recently proposed a general function for 

awareness: that it is necessary for advanced integration of multiple cognitive or 

perceptual signals into a new functional group or representation. But recent research 

has provided mixed evidence for unconscious integration, in which an integrated 

representation of multiple stimuli forms and affects behaviour without consciousness. 

Here, we review some of this recent work, and contribute to it with four experiments. 

These experiments are oriented around two issues that studies showing unconscious 

processing must contend with, and have special relevance to claims of unconscious 

integration. 
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Although the findings in our experiments generally support the possibility of 

unconscious integration, a careful reading of the data suggests caution in drawing 

conclusions. For one, the demonstrations seem acutely sensitive to the choice of 

procedure and parameters of stimulus presentation and masking. Secondly, 

methodological and theoretical concerns discussed throughout the thesis resurface upon 

close analysis, despite attempts to tackle these head-on. Nevertheless, we take the 

experimental findings as mixed but positive support for integration without awareness. 

We encourage further research into the potential and mechanisms behind the 

phenomenon, while calling for greater emphasis on methodological strength and 

converging evidence. 

Objectives 

The main objective of the research presented in this thesis is to provide a robust test 

of unconscious integration. The operant modifier is robust, which guides decisions made 

throughout the research project. While we review some evidence for and against 

unconscious integration, we discuss below why demonstrations fail to adequately address 

two concerns in the literature. Like many critics, we asked how the unconscious character 

of a process could be most convincingly demonstrated. This entails taking into account 

the decades of debate over the best methods to demonstrate the absence of awareness. 

Moreover, although it is not trivial to show an abstract process like integration occurs at 

all, past work has not made it clear that such a high-level description is warranted for 

their reported effects. The experiments below seek to provide evidence for integration 

that is robust, in that it can realistically be explained only by a genuine integrative 

process. 

Thesis Structure 

Chapters 1 and 2 provide a theoretical and methodological background for the topic 
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of unconscious integration. In Chapter 1, we provide a summary of the field of 

unconscious processing, including major views toward the possibility of the phenomenon. 

We discuss common approaches in the experimental setting with a focus on methods by 

which the absence of awareness is shown. Chapter 2 introduces integration, and why it 

is an intriguing candidate function for consciousness. In turn a selection of evidence for 

and against the possibility of unconscious integration is presented, followed by a 

consideration of the inputs to an integration task. A particular form of integration, the 

judgment of same/different relation, is discussed. This putative unconscious process and 

the accompanying line of research provides the basis for experiments in Chapters 3 

through 5. We reproduce an earlier finding of unconscious integration of relation in 

Experiment 1 of Chapter 3. Experiment 2 in Chapter 4 involves two novel changes to 

show a robust instance of relation integration, without awareness. Chapter 5 reports on 

attempts to generalize the findings of our earlier experiments to masked priming, using 

a go/no-go task (Experiment 3) and choice reaction time task (Experiment 4). The thesis 

concludes with Chapter 6, where we discuss general findings across all experiments, 

their implications for unconscious processing, and recommendations for future work.  
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1 INTRODUCTION TO UNCONSCIOUS 

PROCESSING 

Unconscious processing is functional brain activity, in response to stimulation, 

which does not require or elicit subjective awareness. In the field of visual cognition, this 

involves a failure to consciously see stimuli despite signs that the visual system is 

responding to them in some meaningful way. In this chapter, we introduce some 

background and important concepts in the study of unconscious processing which are 

relevant to the experiments that follow. 

1.1 Views of the scope of unconscious processing 

What limits are there on perception and cognition in the absence of awareness? Are 

thinking and processing functionally equivalent, as a folk theorist might say? Or can 

potentially any brain function occur under the surface? For over two hundred years, 

debate on the issue has swung between extremes, with scientific interest and research 

waxing and waning alongside. Kouider and Dehaene (2007) detail the major historical 

phases and paradigm shifts. For many decades, experimentation has been beset by 

stinging methodological critiques including those of Eriksen (1960), Macmillan (1986), 

and Holender (1986), which continue to shape theory. Nevertheless, interest in the field 

has grown, particularly in the wake of influential work in unconscious semantic 

activation (Dehaene et al., 1998; Greenwald, Draine, & Abrams, 1996; Marcel, 1983). We 

illustrate modern thinking in the field by focusing on two extreme viewpoints, given by 

Newell and Shanks (2014) and Hassin (2013). 

Newell and Shanks (2014) espouse the most sceptical perspective of unconscious 

processing in their critical review of the literature. In several areas, particularly 

subliminal priming, the authors find little evidence that decision making can be 
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unconsciously influenced. They advocate for a new prior on the power of the unconscious: 

that it has essentially no influence on meaningful cognition. This view puts the authors 

in line with the folk view that conscious thoughts are responsible for all noteworthy brain 

processing (Baumeister, Masicampo, & Vohs, 2011). It should be noted that Newell and 

Shanks’ critiques mostly draw upon methodological issues they find in existing 

literature, without giving a theoretical explanation for why we should treat advanced 

brain functions as necessarily conscious.  

On the other side of the spectrum, Hassin (2013) provides a more optimistic review 

of the literature and posits the “Yes It Can” principle. This much more liberal prior on 

the possibility of unconscious processing starts with the assumption that it “can carry 

out every fundamental high-level function that conscious processes can perform” (2013, 

p. 196). Among these fundamental tasks Hassin places cognitive control, goal pursuit, 

information broadcasting, and reasoning. While granting that these functions can 

potentially occur unconsciously, he does place limiting factors on them; specifically, 

practice, motivation, and ability are needed to automatize these actions. This would 

preserve a functional and evolutionary role for consciousness: as an auxiliary catalyst of 

flexible cognition, allowing humans to bypass these constraints. Awareness would not be 

a mere epiphenomenon with no causal role to play (Velmans, 1991), but also not strictly 

necessary to cognition. 

While open to shifting the default for the potential of the unconscious, Hesselmann 

and Moors (2015) respond to Hassin’s “Yes It Can” principle (2013) with “definitely 

maybe”. Although they remain appreciative of the body of evidence in favour of 

unconscious processing, the authors point out that several of the most noteworthy 

demonstrations have failed to replicate (e.g., Hassin, Ferguson, Shidlovski, & Gross, 

2007; Mudrik, Breska, Lamy, & Deouell, 2011; Sklar et al., 2012). Many of the most cited 
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studies in this debate originate from behavioural priming in social psychology, an area 

with arguably more relaxed standards for awareness and replicability (Doyen, Klein, 

Simons, & Cleeremans, 2014; Earp & Trafimow, 2015). Despite continuing 

methodological issues, authors on both sides seem to reach on a consensus of “open 

minded scepticism” for unconscious processing (Goldstein & Hassin, 2017, p. 1). 

With this dialogue in mind, we too adopt an open-minded scepticism as we consider 

phenomena of unconscious processing in the present research. We next consider what is 

necessary to demonstrate its occurrence in the laboratory to the satisfaction of the open-

minded sceptic. 

1.2 Demonstrating unconscious processing in two 

easy steps 

To demonstrate unconscious processing, one should accomplish two empirical tasks: 

show that a brain function of interest is occurring, and show that stimuli or the process 

itself are unconscious. We consider these goals and the question of how to best accomplish 

them below and return to them throughout the thesis. 

1.2.1 Demonstrating a process 

If experimenters wish to illuminate the function of the brain, they must provide 

evidence that a hypothesized process is occurring, whether it be cognitive, perceptual, or 

otherwise. The difficulty in this task often lies in empirically showing that collected data 

support the existence of the process hypothesized by the researcher, rather than some 

other process or a more parsimonious explanation. Commonly, and in the present work, 

a putative process is evidenced by differences between conditions on behavioural 

measures, where only differences in brain function could drive those changes in 

behaviour.  

In the field of unconscious processing, the extent to which brain processes occur 
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without awareness forms the core of scientific interest and is fiercely debated, as 

discussed below. But in this experimental context, researchers are doubly constrained in 

collecting evidence of processing and are limited in the means by which they can directly 

show a necessary linkage between stimuli, process, and responses. Whenever a brain 

function is demonstrated, it should be considered whether a simpler process could be 

responsible. For example, recent work has suggested that a subcortical visual pathway 

is sensitive to negative emotions expressed in face stimuli (Jiang & He, 2006). Should it 

be concluded that this pathway can “see” faces, even when they are unconscious? Perhaps 

not, as differences in the spatial frequency of stimuli (which is confounded with face 

expression) could also be responsible (Hedger, Adams, & Garner, 2015) and would be a 

more parsimonious explanation, albeit less exciting.  

In the current context, the empirical responsibility of demonstrating processing lies 

with the indirect measure or indirect task. The indirect measure reflects processing 

differences implicitly, without a direct report from a subject that would require 

awareness (Reingold & Merikle, 1988). Indirect measures of behaviour commonly include 

reaction time slowing and accuracy differences; they also take many physiological forms 

(e.g., skin conductance, pupilometry, brain imaging). While the purpose of the indirect 

measure is to show an influence of the stimulus, one must still ask what aspect of the 

stimulus, or of the procedure, is ultimately responsible for observed differences.  

The theme of demonstrating the existence of a putative brain process motivates 

several experimental manipulations in the experiments included in the present work. 

We return to it in more detail in Section 2.5.1 below. 

1.2.2 Demonstrating the unconscious 

Of course, demonstrating that the brain processes a given stimulus is only half the 

story. It should also be shown that the stimuli (or a process involving the stimuli) remains 
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unconscious. How can subjects be made unaware of a stimulus? And how is this 

unawareness shown? 

Before delving further into a discussion of conscious and unconscious processing, we 

take a moment to delineate our usage of several common terms. We define an 

unconscious process or stimulus as one that is not accessible for report by the subject. To 

be conscious of something, or to be aware of it, are used in the transitive sense; these 

indicate states which always take a mental representation as their object. Throughout 

this thesis, consciousness of a stimulus always implicitly refers to awareness of some 

relevant feature of the stimulus, such as its colour or orientation, unless otherwise 

stated. This usage is not intended to disaffirm the awareness of mere stimulus presence 

(stimulus detection) or awareness of other stimulus features; we take it as granted that 

different aspects of a stimulus can be differently reflected in visual consciousness (Dienes 

& Seth, 2010b; Kouider, de Gardelle, Sackur, & Dupoux, 2010). In a similar vein, 

references to consciousness and awareness are always with regard to intentional states 

(local states or conscious contents) and should not be confused with general states of 

arousal or vigilance (cf. “global states of consciousness” in Bayne, Hohwy, & Owen, 2016). 

Researchers who wish to demonstrate that a process is unconscious must first 

establish how visual stimulation can be presented while not leading to awareness. Of 

course, a stimulus that is sufficiently weak that observers report not seeing it can be 

used, but perceptual processing of such a stimulus would also show little if any response. 

Unconscious processing research therefore relies on stimulation that is sufficiently 

strong but whose processing is interfered with using visual masking. There are many 

forms of visual masking, none of them well understood (B. Breitmeyer & Ogmen, 2006). 

Each has advantages and weaknesses, and each seems to affect visual processing in 

different ways, producing varying effects in behaviour (B. G. Breitmeyer, 2015; Fogelson, 
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Kohler, Miller, Granger, & Tse, 2014). Throughout this thesis, stimuli are rendered 

unconscious through metacontrast masking, in which the outer contours (and form) of a 

stimulus are suppressed by the matching inner contour of an energetic mask (Alpern, 

1953).  

Suppressing a stimulus from awareness is not enough, from a scientific standpoint. 

Across many paradigms, it is the direct measure or direct task (in contrast to indirect 

measures) which assesses conscious knowledge of the stimulus explicitly, through 

reports from the observer (Reingold & Merikle, 1988). A crucial question is how these 

direct measures should be used to demonstrate that participants are not aware of stimuli. 

If they fail to demonstrate this, researchers leave open the possibility that presumably 

unconscious stimuli were at least minimally conscious in practice, stripping the observed 

effects of their significance. Outside of the realm of cognition, this may be an overlooked 

issue (as arguably in social cognition: Newell & Shanks, 2014); within, it is a bugbear. 

Since at least Eriksen (1960) and Holender (1986), there has been a wealth of discussion 

of best practices and methodology for convincingly showing that participants cannot 

consciously see stimuli. We describe these issues in more detail in Section 1.3 below, and 

illustrate their particular relevance to the thesis research in Section 2.4.2. 

1.3 Methods to demonstrate the absence of 

awareness 

In virtually all studies in unconscious processing, researchers must demonstrate 

that observers have no awareness of the stimuli of interest. This is no easy task, and 

there is plenty of debate of what the best practices should be for doing so (Clifford, 

Arabzadeh, & Harris, 2008; Dienes & Seth, 2010a; Rothkirch & Hesselmann, 2017; 

Sandberg, Bibby, Timmermans, Cleeremans, & Overgaard, 2011; Snodgrass, Shevrin, & 

Abelson, 2014; Sterzer, Stein, Ludwig, Rothkirch, & Hesselmann, 2014). Researchers 
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must be able to account for residual visibility, and show that contrasted conditions “lack 

awareness” to the same extent. Here we discuss two approaches to demonstrating 

awareness and its absence in the experimental setting, which cover the majority of the 

relevant literature. 

1.3.1 Subjective measures 

An observer's ability and willingness to give a subjective report of the quality of an 

experience is the most elemental type of evidence for conscious experience. Thus it is no 

surprise that the most straightforward and face valid way of indexing conscious 

experience is simply to ask the experiencer about it. Subjective approaches to measuring 

awareness rely on these personal reports. Generally, participants are asked for reports 

after every trial in an experiment; based on these, experimenters may infer the 

perceptual outcomes of particular stimulus presentations for contrastive analysis (Van 

den Bussche et al., 2013). This highlights the strength of subjective reports: they are 

sensitive to momentary fluctuations in stimulus strength, attention, vigilance, and other 

unknown determinants of visual consciousness. 

Subjective reports may take many forms: they may be dichotomous, asking whether 

a stimulus was seen or unseen (e.g., Lamy, Salti, & Bar-Haim, 2009; Ro, 2008); they may 

use four levels representing subjective awareness as in the commonly used Perceptual 

Awareness Scale (Ramsøy & Overgaard, 2004); or they may use an arbitrary number of 

ratings to capture the degrees of subjective experience (Overgaard, Rote, Mouridsen, & 

Ramsøy, 2006; Pretorius, Tredoux, & Malcolm-Smith, 2016). Besides judgments of 

subjective feelings, confidence ratings and outcome wagering are considered subjective 

reports (Dienes, Altmann, Kwan, & Goode, 1995; Persaud & McLeod, 2008). 

The chief issue with this approach is the criterion problem: it is impossible to be 

sure of how subjects classify their subjective visual experiences, even with specific 
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instruction. What criteria do observers use when classifying their experience? If two 

participants are shown a near-threshold stimulus, one may rate it lower (perhaps due to 

a lack of confidence) and one may rate it higher (reflecting some subjective experience 

outside of what is relevant). Commonly, subjects’ ratings of awareness are overly 

conservative (Eriksen, 1960; Holender, 1986), showing underconfidence in their 

performance (Björkman, Juslin, & Winman, 1993). Despite being subjective, reports are 

also affected by the demands of the experimental context (Lin & Murray, 2014a). In 

addition to expectations brought about by the scales themselves, there is a lively debate 

on how closely observers should be “coached” on usage of subjective scales (Wierzchoń, 

Szczepanowski, Anzulewicz, & Cleeremans, 2014); a concern is that as guidance is made 

more explicit, the scales lose power to capture veridical subjective states.  

If participants label their conscious experiences inconsistently or too conservatively, 

consciously-perceived stimuli may be classified as unconscious, and drive differences in 

contrasted conditions. In this way, residual visibility of stimuli from masking failure or 

misclassification can produce artifactual effects upon analysis (Holender, 1986; Kouider 

& Dupoux, 2004). The risks of residual visibility in “not-seen judgments” may also be 

largely insensitive to the resolution of subjective scales (Schmidt, 2015).  

1.3.2 Objective measures 

Objective measures provide an alternative method to index awareness, although 

there is disagreement over their best use in dissociation paradigms (Schmidt & Vorberg, 

2006; Snodgrass, Bernat, & Shevrin, 2004). If an observer consciously perceives a 

relevant feature, it is presumed that they will be able to identify it accurately - if not 

confidently – when queried. Thus, as a direct measure, a forced-choice task to 

discriminate among several stimulus options is commonly implemented, allowing signal 

detection analysis of sensitivity and reporting bias (Green & Swets, 1966). This often 
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means a forced-choice task following the main experimental procedure, in which 

participants are encouraged to focus on the prime stimulus. By its nature, the objective 

task provides the advantages of testing for residual perceptual sensitivity even when 

observers are unwilling to endorse subjective experience of the stimuli (Dienes et al., 

1995). On the other hand, it also means that experimenters cannot assume that a correct 

discrimination, which may occur by chance, reflects any state of subjective awareness.  

To show the absence of awareness for stimuli, investigators must therefore 

demonstrate that discrimination sensitivity to relevant stimulus features is no better 

than chance across set of trials, when presented in conditions which closely match the 

main experiment. Demonstrating that there is no difference between performance and 

guessing means proving the null hypothesis, or null hypothesis significance testing 

(NHST). The myriad issues with this approach, not least of which being that it is 

inappropriate from a frequentist framework, have led to a rising number of 

methodological critiques (Macmillan, 1986; Pratte & Rouder, 2009; Sand & Nilsson, 

2016; Trafimow & Rice, 2009; Vadillo, Konstantinidis, & Shanks, 2016). Several 

alternative solutions have been proposed, from providing Bayesian support for the null 

hypothesis (Dienes, 2013; Rouder, Morey, Speckman, & Pratte, 2007; Sand & Nilsson, 

2016) to revisiting the dissociation logic of unconscious processing (Schmidt & Vorberg, 

2006). 

A weakness of this objective approach is it relies upon summary statistics which 

collapse stimulus visibility across the experimental session and across all participants, 

obscuring trial-level variation and interindividual differences. No inferences about 

subjective visibility can be made about particular trial instances from garden-variety 

objective direct measures, particularly when they are quarantined in separate blocks 

following the procedure of interest. As such, the face validity of objective measures as 
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reflective of subjective awareness states is poor. 

1.3.3 Two rubrics for direct measures 

As we consider methods to index awareness, it is useful to keep in mind some 

criteria for evaluating the quality of direct measures. The first describes the scope of 

direct measures, and the second provides guiding criteria for direct tasks. 

In their seminal work, Reingold and Merikle (1988) proposed that both direct and 

indirect measures be discussed in terms of exhaustiveness and exclusivity. These terms 

are used with regard to the relative sensitivity of measures to conscious and unconscious 

knowledge of stimuli in an observer. A direct measure that is exhaustive is maximally 

sensitive to detecting and capturing conscious knowledge; if a participant has any 

relevant awareness of stimulus, an exhaustive measure should pick it up. To be 

exclusive, on the other hand, a measure should be specific to conscious knowledge, and 

not unduly reflect unconscious knowledge. Of course, responses to a direct measure will 

almost unavoidably reflect some knowledge which is unconscious but not conscious 

(Marcel, 1983), and so exclusivity is usually sacrificed. More importantly, direct 

measures need to meet the assumption of exhaustiveness, as the primary aim of these 

measures is to demonstrate an absence of conscious knowledge; many methodological 

concerns with both subjective and objective approaches turn on whether they are 

sufficiently exhaustive. 

For their own part, Newell and Shanks’ (2014) scepticism towards the possibility of 

unconscious processes focuses on the inadequacy of common awareness measures. They 

suggest four specific guidelines for creating and evaluating direct tasks, such that they 

are free from bias and error. First is reliability: measures should not be affected by 

outside factors. Here, the authors suggest task demand and social desirability; we would 

also place undue difficulty in the direct task under this criterion (Pratte & Rouder, 2009). 
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Second, relevance: the conscious knowledge indexed by measures should be only the 

information relevant to the indirect task. For example, other features of stimuli 

orthogonal to the tasks should not be captured by direct measures. Third is immediacy: 

in order to match the conditions of the indirect task, direct tasks should occur as soon as 

possible afterwards. In this regard Newell and Shanks recommend concurrent direct and 

indirect tasks. Finally, sensitivity: assessments “should be made under optimal retrieval 

conditions”. Presumably, the authors mean to say that the conditions of stimulus 

presentation should be identical for direct and indirect tasks. 

In the following chapters, we will consider the adequacy and appropriateness of 

various direct measures in past and present studies. In Chapter 4, we introduce a novel 

method for assessing awareness and weigh it in light of Reingold and Merikle’s 

exclusivity and exhaustiveness assumptions (1988) and Newell and Shanks’ four criteria 

(2014). 
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2 UNCONSCIOUS INTEGRATION AND 

INTEGRATION OF RELATION 

2.1 Integration and consciousness 

So far, we have discussed unconscious processing in general, without specifying the 

particular details of any “process” of interest. This work investigates the necessity of 

consciousness in a class of cognitive functions we refer to as integration. Integration, in 

the usage throughout the thesis, is posited as a “fundamental, high-level function” of 

cognition, to use the terms of Hassin (2013, p. 196). We define integration as a function 

in which information from two or more sources is compared or combined in some way, 

producing new information. We use the term in a broad and domain-general but strictly 

functional sense, without speculating on any biological implementation or 

phenomenology. The relevant functional aspect of integration, what makes it 

fundamental, is its action over multiple inputs to produce a new output; the details of 

how an integrative process deal with those inputs may vary.  

Some examples of integrative functions illustrate the centrality of integration in 

human thinking, across semantic, cognitive, and perceptual domains. When the 

individual letters of the are integrated, each contributes a different phoneme than they 

would if alone. A semicolon followed by a bracket may be integrated to represent affective 

content unrelated to punctuation. A red patch in a hexagon indicates something more 

than either feature alone. Disconnected features of a real face are unhelpful in isolation, 

and must be integrated into a whole for effective face processing. Driving an automobile 

would be impossible without ongoing integration of object trajectories with optic flow 

cues. Modal and amodal completion are driven by integration of unconnected visual 

inputs, as are most Gestalt percepts. Multiple types of visual cues are integrated to 

perceive depth, including size perception and binocular disparity, themselves integrative 
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functions. Multimodal perception (e.g., the McGurk Effect) and temporal perception (e.g., 

the phi phenomenon) are inherently integrative. Attention has been characterized as a 

process of integrating sensory qualities into bound percepts (Treisman, 2003). Even at 

the earliest neural levels, contextual luminance and orientation information is fed back 

to V1 allow visual separation of figure and ground (Zipser, Lamme, & Schiller, 1996). 

Clearly, when considered broadly, integration occurs at many levels of brain processing. 

One might be forgiven for thinking that integration is the workhorse of the mind, 

rather than consciousness. Aptly, Mudrik, Faivre, and Koch (2014) review theory and 

evidence that integration is a fundamental brain function intimately tied to awareness. 

They list many philosophers and theorists who have noted the relationship or built their 

ideas around it (Baars, 2002; Treisman, 2003), although views vary on which 

phenomenon gives rise to the other. The proposed connection is especially appealing in 

light of recent theories of neural correlates of consciousness that explicitly identify 

consciousness with information-theoretic integration (Tononi, 2004) or link it with 

information sharing between distant cortical modules (Dehaene & Naccache, 2001). 

2.2 Integration without awareness 

In their review of the literature, Mudrik and colleagues (2014) focus on the question 

of whether consciousness is essential to certain forms of integration, as some have 

claimed (Baars, Franklin, & Ramsøy, 2013; Crick & Koch, 2003). In the context of this 

hypothesis, Mudrik and colleagues limit their usage of integration to several specific 

tasks: integration over time and space; integration of semantic meanings; integration 

between multiple sensory streams; and integration of novel stimuli. The authors find 

that there are some limited circumstances in which these particular types of integration 

can occur without awareness; but, like Hassin (2013), they attribute an enabling role to 

consciousness in each case. In essence, the advantage of conscious awareness is that it 
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widens the "window" over which unconnected inputs (e.g., spatial separation, semantic 

relatedness) can be successfully integrated. This functional role for consciousness 

parallels structural explanations like neural broadcasting or a global workspace (Baars, 

1993; Dehaene & Changeux, 2011). 

Even if we grant that some “simpler” integrations can occur unconsciously, such as 

perceptual integration of Gestalts and ensembles (Harris, Schwarzkopf, Song, Bahrami, 

& Rees, 2011; Montoro, Luna, & Ortells, 2014; Vandenbroucke, Fahrenfort, Sligte, & 

Lamme, 2014), what can be said of more advanced integration? Several purported 

examples of unconscious semantic integration are of note for the debate they have 

caused. The first is the claim that arithmetic can be performed unconsciously, as shown 

in a controversial work by Sklar and colleagues (2012), and in parallel, Ric and Muller 

(2012). The findings are striking as they would require not only unconscious execution of 

an arithmetic process, but also unconscious symbol interpretation, magnitude activation 

(simultaneously or sequentially), and motor preparation (cf. Sackur & Dehaene, 2009). 

Unsurprisingly, the result has come under severe methodological scrutiny (Hesselmann 

& Moors, 2015; Moors & Hesselmann, 2018; Shanks, 2017). What of unconscious reading 

- the integration of multiple words into a single concept? It too has been demonstrated, 

including with conjoint word pairs (e.g., “not good”) (Armstrong & Dienes, 2013; Sklar et 

al., 2012; van Gaal et al., 2014) and challenged (Abrams & Greenwald, 2000; Rabagliati, 

Robertson, & Carmel, 2018). Finally, could semantic incongruity in a scene (such as a 

chessboard in an oven) be unconsciously detected, showing integration? Mudrik and 

colleagues seemed to show that context-incongruent objects enter awareness faster than 

congruent ones (Mudrik et al., 2011), although this finding was also challenged 

methodologically (Moors, Boelens, van Overwalle, & Wagemans, 2016) and ultimately 

failed to replicate (Biderman & Mudrik, 2018). Thus, there is mixed evidence for 
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integration without awareness, particularly as the integration task becomes more 

complex.  

We take as our initial perspective toward unconscious integration the open-minded 

scepticism advocated by previous authors (Hassin, 2013; Mudrik et al., 2014): integration 

without awareness is possible, but its scope and conditions should be explored. Any 

demonstration that the brain can form an integrated representation of multiple stimuli 

without the involvement of consciousness provides a challenge to theories that posit 

integration as a hallmark of awareness. We next introduce a certain type of integration 

which is the topic of the remainder of the thesis. 

2.3 A specific integrative function: judgment of 

same/different relation 

One specific instance of unconscious integration has been explored in recent years 

and forms the basis for the remainder of the thesis: the judgment of the same-different 

relation of two discrete stimuli (Lin & Murray, 2014b; Liu et al., 2016; Van Opstal, 

Calderon, Gevers, & Verguts, 2011; Van Opstal, Gevers, Osman, & Verguts, 2010; Wang 

et al., 2017). We refer to this function as the integration of relation, and when done in the 

absence of awareness, the unconscious integration of relation (UIR). What is meant here 

by the integration of relation, specifically? When two spatially discrete stimuli are 

presented, some specific feature of these stimuli may be the same or different (of course, 

what feature is relevant may vary). As a mental task, to determine whether two inputs 

are the same or different they must be compared, necessitating that both inputs be 

processed sufficiently that the features of interest are represented. Processing or 

representing a single input is not enough for the function to be performed. We treat this 

mental task as an instance of cognitive integration discussed above. In unconscious 

integration of relation, an observer may be able to determine a same/different relation 
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(as reflected in indirect measures), while failing to be conscious of that relation, or 

alternatively, the stimulus inputs themselves. 

In the UIR experiments we review below, participants are presented with two 

synchronous but separate stimulus inputs (which we refer to as components) and must 

determine whether a particular feature of the two inputs (e.g., face emotion or 

orientation) is the same or different. The same and different relations are each associated 

with a response, and activation or priming of these responses are demonstrated while 

participants remain unaware of the stimulus relation. It is thought that observers are 

implicitly able to compare the features of individual stimulus components to form a new 

representation integrating them. This representation in turn triggers behaviour that has 

been consciously learned previously, such as inhibiting or facilitating a key press. When 

taken at face value, the results imply that awareness is not necessary to deploy a basic 

form of integration: comparing the details of two individual stimuli and activating 

responses associated with their relationship.  

2.4 Recent evidence for UIR 

2.4.1 Relating numbers and letters, semantically and perceptually 

In two studies, Van Opstal and colleagues provided strong evidence that 

participants could be primed by the same/different relation of a pair of numbers (2010) 

or letters (2011, 2010) in a masked priming task. Although this effect relied on 

integration of relation, the focus of these studies was on showing that primes need not 

be previously associated with a consciously trained task.  

In the first study (Van Opstal et al., 2010), participants were trained to press a key 

corresponding to the relation of a target pair of colour patches (Experiment 1) or 

numerals (Experiments 2 and 3). A same/different pair of number primes (Experiment 

1) or letter primes (Experiments 2 and 3) was presented for 33 ms and masked using 
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hash marks before targets appeared. Although participants could not identify the primes 

following the experiment, responses were facilitated if the preceding prime’s relation was 

congruent with the target relation. Across the experiments, reaction times to targets 

preceded by an incongruent-relation prime were 5-10 ms slower than corresponding 

targets preceded by congruent primes. This priming effect was limited by the time 

between primes and targets: it only occurred at an SOA of 100 ms, but not a longer SOA 

of 316 ms, suggesting that the sensorimotor activation behind priming was exceptionally 

short-lived. 

In a follow-up experiment (Van Opstal et al., 2011), the authors again primed the 

integration of same or different numerals with same or different letter primes. After 

controlling for semantic relatedness in this way, the same/different relation of target 

digits was still primed by the congruence of the letter-case, perceptual sameness of the 

prime pair. Comparisons with the 2010 study suggested that the context of the primes 

and task demand could modulate whether participants would integrate “Gg” as a 

different set (perceptually; Van Opstal et al., 2011) or same set (semantically; Van Opstal 

et al., 2010).  

These comprise the first studies to our knowledge to research the integration of 

relation without awareness. Despite this, several design decisions made by van Opstal 

and colleagues foreshadow concerns that affect later studies reviewed below. For one, the 

different categories of primes and targets meant that integration of relation was 

“performed on stimuli that are outside the consciously prepared task set” – integration 

of the stimuli used in primes was never explicitly called for or consciously practiced. As 

participants could not later recall any primes, they were effectively novel primes. Two, 

in Experiments 2 and 3, “same” pairs of letter primes consisted of one upper case and one 

lower case letter, eliminating the visual feature sameness of the primes. This latter point 
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suggests that participants integrated the relation of the letters’ semantic meanings. It is 

unclear to what extent the integration observed was driven by these prepotent semantic 

associations in the stimuli. 

2.4.2 Relating the form of shapes 

Lin & Murray (2014b) continued this line of inquiry by showing what they described 

as “unconscious processing of an abstract concept”. Participants were trained in a 

masked go/no-go task in which they responded or withheld response based on the relation 

of stimuli. When the stimuli were effectively masked via metacontrast masking, 

participants were instructed to “respond anyway”, as if they had seen a Go stimulus. This 

masked go/no-go task differed from priming in several significant ways, and is described 

in Chapter 3. 

On each trial, participants were presented with two shapes, each being either a 

diamond or square. The pair were displayed for 16 ms or 33 ms before being metacontrast 

masked. When the shapes were the same, such as two diamonds, participants were to 

respond quickly; when different (i.e., a diamond and square) they were expected to 

withhold response. Thus, a difference in the form simultaneously presented shapes was 

expected to produce some response inhibition. The question of interest was whether some 

effect of this inhibition could be detected in trials where the pair relation was strongly 

masked. Again, participants were also trained to respond to all strongly masked trials.  

The researchers found that participants responded more slowly and less often to 

inhibition-trained different pairs, although participants ostensibly could not see 

strongly-masked stimuli. Critically, in Experiment 2 these effects occurred even on trials 

where participants indicated they were subjectively unaware of the shapes. For 33 ms 

duration targets in that experiment, responses to unseen different pairs were 16 ms 

slower than to same pairs. The results suggested that participants could integrate the 
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relation of the shapes, triggering sensorimotor inhibition, even when they indicated the 

shapes were unseen.  

2.4.3 Relating face emotions and arrow directions 

Two recent studies have demonstrated UIR in masked priming paradigms. 

Although these used differing stimulus sets as components, much of the design and 

analysis are similar, and so both are discussed below. 

Liu and colleagues (Liu et al., 2016) used a masked priming paradigm to 

demonstrate unconscious integration of the valence relation of a pair of emotional faces 

which were backward-masked. Target were pairs of faces, where each face was either 

fearful or happy. Participants responded based on whether these targets featured the 

same (e.g., two fearful faces) or different (e.g., one happy and one fearful) expressions. 

Notably, the stimuli included faces from 40 identities, and each stimulus within a trial 

featured a different identity; but, as facial emotion was the relevant feature, the stimulus 

set was comprised of just four pair permutations. Before each target, masked face primes, 

themselves comprising same or different pairs, were presented for 16 ms before being 

backward masked by “two scrambled pictures”. The experimenters used both objective 

discrimination and trial-based subjective ratings to show that participants were unaware 

of these primes. 

The authors noted a negative priming effect on target responses: when the 

emotional relation of the prime faces matched the relation of the target face emotions 

(i.e., they were relation congruent), reaction times and accuracy to the latter were worse. 

Relation incongruent primes lead to relatively better performance. Unlike the results of 

Van Opstal and colleagues (2010), these effects were by and large not sensitive to the 

SOA between masks and targets.  

Most recently, the same research group found UIR using basic arrow stimuli (Wang 
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et al., 2017). Arrows pointed either left or right (i.e., < or >) and were presented in same 

or different pairs (<<, >>, <>, ><). As with previous designs, primes appeared in same or 

different pairs, but this relation could be congruent or incongruent with the relation of 

the targets that followed. Primes were backward masked after 16 ms using a mask 

consisting of overlapping arrow stimuli. Prime visibility was assessed after the 

experiment and demonstrated via NHST. 

Priming by the relation of the primes was evidenced by reaction time differences in 

response to targets. At a short SOA (70 ms), reaction times were faster following relation-

congruent primes. Curiously, the authors also noted an accuracy impairment from 

congruent primes when targets followed at a long SOA. Thus, the relation of prime arrow 

directions was integrated without awareness, and the effect of this activation was 

modulated by the interval before targets appeared.  

In both of these studies, the authors also attempted to disentangle the effects of 

priming by perceptual features and priming by congruent relation. In each stimulus set, 

the correspondence of low level visual properties between primes and targets is 

confounded with their relation congruence. For example, a << prime would share a 

congruent relation with both << and >> targets, but would also share visual features with 

only the first. When visual features are shared by primes and targets in the same retinal 

location, visual processing of targets may be facilitated. If so, this would undermine the 

explanation that the processing observed is true integration. After controlling for the 

congruence of perceptual features between primes and targets, they found that priming 

by relation remained when stimuli were perceptually incongruent. Similarly, within 

relation-congruent trials, there were no effects from perceptual congruence between 

primes and targets. Authors took these findings – seen in all experiments - as evidence 

that priming was likely driven by congruent motor-response activation from the prime 



 

21

 

relation, rather than perceptual feature facilitation.  

2.5 Two tasks to establish UIR 

We return to the two empirical tasks in the field introduced in Section 1.2: 

demonstrating a brain process which is unconscious. What special considerations apply 

when we wish to demonstrate an unconscious integration of relation? 

2.5.1 Considering the number of inputs to an integration task 

In the work just reviewed, and in the experiments below, the process of interest is 

integration of relation. To demonstrate any form of integration as an abstract process, 

an important consideration is the inputs to the task. If they are not varied and numerous 

then it may not really be an integrative process; some simpler or unrelated mechanism 

may be responsible. Researchers must show that changes to indirect measures are 

independent of particular stimulus instances and their low-level features, except where 

these features are the relevant inputs to integration. This point is especially important 

in unconscious research where perceptual processing alone can provide a more 

parsimonious explanation for effects than cognitive processing (Hedger et al., 2015; 

Hesselmann, Darcy, Ludwig, & Sterzer, 2016). As an analogy, the claim that one could 

perform division would be in question if unable to generalize to a completely novel 

exemplar, e.g., -388 ÷ 97; an alternative conclusion would be that he or she relied on 

lookup tables and memorized examples. 

Through repeated exposures, even unconsciously, stimuli to be integrated may be 

quickly associated with their responses, not through semantics or higher-level processes, 

but as perceptual units (Neumann & Klotz, 1994; Van den Bussche, Notebaert, & 

Reynvoet, 2009). There are more theoretical concerns when inputs are also presented 

consciously and the use of novel stimuli is prohibited or impractical. If stimulus sets 

comprise a very few possible instances - e.g., squares and diamonds (as in Lin & Murray, 
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2014b) - these can become overlearned by participants when they respond to the same 

stimuli seen consciously in other trials or blocks. The evolving automaticity hypothesis 

(Damian, 2001; Logan, Cowan, & Davis, 1984) posits that scaffolding of motor responses 

from these conscious trials can carry over into an unconscious effect when identical 

stimuli are presented under masking. While not always problematic for unconscious 

processing in general, the possibility is a concern for demonstrating integration, where 

processing should be independent of the familiarity of inputs. Careful design of an 

unconscious integration procedure should also ensure that a single component or 

exemplar is not by itself associated with an appropriate response; for example, if two 

words are to be processed together, then the processing effect should not be attributable 

to a single word (Abrams & Greenwald, 2000; Greenwald, 1992). 

Three studies of unconscious integration of relation discussed above implemented 

stimulus sets which included only two component identities. These included a square and 

diamond (Lin & Murray, 2014b); fearful and happy expressions (Liu et al., 2016), and left 

and right arrows (Wang et al., 2017); each set comprising four possible response-

associated stimulus pairs. As noted, the results do not necessitate an intermediate, 

postperceptual step in which a new “abstract” representation is formed or activated. 

Rather than implementing an integrative rule to process component stimuli, the same 

task could be performed by automatic stimulus-response mapping between the four 

possible stimulus pairs and single response. Such a direct mapping between pairs and 

responses, without an intermediary integration stage, would be likely to require fewer S-

R associations.  

Van Opstal and colleagues (2010; 2011) were the only authors reviewed who 

provided meaningful evidence that UIR was not overly sensitive to the choice or richness 

of stimuli. They primed participants to pairs generated from sets of four digits or letters; 
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targets were always of a different category from primes; and participants did not report 

any primes after the experiment, making it unlikely that prime-response associations 

could explain the integration observed (Damian, 2001; Kunde, Kiesel, & Hoffmann, 

2003). 

Unconscious integration in particular should be shown to generalize to other stimuli 

of the same category, and not be limited to a handful of exemplars, even if the use of 

completely novel exemplars is impractical. Put another way, the evidence should show 

that observers processed the stimuli unconsciously, rather than simply automatizing 

them in some way. 

2.5.2 Demonstrating the absence of awareness 

In UIR, it is the relation of the inputs, same or different, that must remain outside 

of awareness. But the nature of the multiple-input task provides the opportunity to go 

beyond this criterion: demonstrating that observers lack awareness of the component 

features themselves. Because knowledge of one feature is not enough to have knowledge 

of a relation, component knowledge is exhaustively sensitive for relation knowledge 

(Snodgrass et al., 2004).  

Does the literature behind unconscious integration of relation successfully show the 

absence of awareness for integrated stimuli? Previous researchers have used both 

objective and subjective direct tasks to assess stimulus visibility. Van Opstal and 

colleagues (2011, 2010) report that after four experiments, no participant could identify 

any masked prime; they also rely on NHST from post-test prime discrimination to 

demonstrate objectively that participants were unaware of stimuli. Liu and colleagues 

(2016) and Lin & Murray (2014b, Experiment 2) each combined on-line subjective reports 

and off-line objective prime discrimination to test for stimulus awareness. Both sets of 

researchers relied on participants’ subjective ratings to classify trial-by-trial visibility, 
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and excluded participants who displayed high prime discrimination.  

Although we view these commonly-used approaches as generally sufficient to screen 

for awareness, they may not be completely effective at excluding trials on which 

awareness occurs. The approaches have also be frequently critiqued on theoretical and 

statistical grounds, as discussed in Section 1.3. Participants’ ratings of awareness are 

often overly conservative and should not be assumed to be consciousness-free, and so 

should not be relied upon for visibility classification (Eriksen, 1960; Schmidt, 2015). If 

participants report awareness inconsistently, residual visibility of stimuli (i.e., partial or 

intermittent awareness) may drive differences in contrasted conditions (Holender, 1986; 

Kouider & Dupoux, 2004) and produce artefactual “unconscious processing” effects upon 

analysis. Shanks (2017) has explained in depth why post hoc participant exclusion based 

on visibility may promote false positive findings. 

With consideration to the methods used to assess awareness in these recent studies, 

we sought to demonstrate robustly this particular instance of unconscious integration 

using a conservative methodology and a novel technique for filtering stimulus awareness. 

First, an initial experiment attempted to reproduce an effect showing UIR. 
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3 INHIBITION TRIGGERED BY 

UNCONSCIOUS INTEGRATION OF 

RELATION 

3.1 Introduction 

Given two stimuli, can observers identify whether these share the same or different 

features, even without awareness of those features? To investigate this form of 

unconscious integration, we started by reproducing the effect seen in a recent study (Lin 

& Murray, 2014b) while aiming to expand on its findings. The primary goal was to assess 

whether the effect indeed occurs and could be adapted for further experimentation.  

3.1.1 Review of Lin & Murray (2014) 

The study by Lin & Murray (2014b; hereafter L&M), and in particular their 

Experiment 2, showed in a relatively straightforward way that the same/different 

relation of two stimuli could affect participants’ behaviour when they subjectively report 

that these stimuli were invisible. These authors followed several others in using an 

uncommon modification of the go/no-go task that incorporated stimulus visibility, a task 

we detail further below. In this task, participants responded to same-shaped pairs, and 

withheld responses to different-shape pairs. On “invisible” trials, when the shape pairs 

were metacontrast masked, participants responded more slowly, and less often, to 

inhibition-associated different pairs. These effects occurred even when analysis was 

limited to trials where participants subjectively rated the stimuli as unseen. 

The authors used very limited stimuli, consisting of only a square and diamond, 

which could form four pair permutations. We discuss elsewhere how this constraint on 

set size limits the interpretation of the results as reflecting an integration process. 

Curiously, weakly-masked trials did not use these stimuli of interest, but instead more 
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complex and varied shapes which could themselves be same or different. This 

manipulation reduced participants’ exposure to the strongly-masked squares and 

diamonds, but also introduced further differences among the stimulus set which could 

lead to a familiarity artefact affecting direct measures of visibility. 

Experimenters also manipulated the display duration of the masked stimuli: in 

Experiment 1, 17 ms stimuli showed an effect of relation integration (10.1 ms), but this 

was much smaller than the effect shown by longer 33 ms pairs (32.0). Experiment 2, 

which used more stringent tests of stimulus visibility, showed smaller effect sizes for 

both stimulus durations. 

How did L&M ensure that participants were not conscious of stimuli? The 

researchers combined common subjective and objective approaches to demonstrating the 

absence of awareness, as discussed in Chapter 1. Specific to their Experiment 2, 

participants subjectively rated the visibility of masked stimuli at the trial level using the 

4-point Perceptual Awareness Scale (Ramsøy & Overgaard, 2004). These responses were 

used to partition trials into Seen and Unseen categories for further analysis. After the 

main experiment, a discrimination task indexed participants’ discrimination sensitivity 

to the same/different relation of masked stimuli. Researchers performed NHST across 

participants to show that the group as a whole performed at chance, and removed several 

outliers based on their post-test results.  

3.1.2 The Masked Go/No-go Paradigm 

The paradigm used in Experiments 1 and 2 is borrowed from L&M and several other 

previous studies (van Gaal, Ridderinkhof, Fahrenfort, Scholte, & Lamme, 2008; van 

Gaal, Ridderinkhof, Scholte, & Lamme, 2010). The paradigm or procedure, which we 

term the masked Go/No-go (MGNG), is somewhat different from usual procedures and 

is particularly designed for use in studies with interleaved masked and unmasked 
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stimuli. It is described in detail here, with terminology and some discussion of 

implications of the procedure, which may be useful when considering its use in the 

following chapters. 

3.1.2.1 The task in detail 

The masked Go/No-go paradigm is essentially two simultaneous tasks involving two 

crossed stimulus factors: stimulus-associated instruction and stimulus visibility. 

Participants’ behaviour on each trial is contingent on both factors, with each factor 

having an associated go (press a key) or no-go (withheld keypress for some time) task 

demand. 

First, participants perform a go/no-go task based on their discrimination of some 

stimulus factor. This is similar to standard Go/No-go designs. If participants are 

successful in discriminating the stimuli and performing this aspect of the task, they 

should respond at speed to one stimulus type and withhold response to the other. 

Generally the task is easy and straightforward; a participant who is unable to withhold 

response effectively on a majority of No-go trials is commonly removed from data sets. 

The MGNG procedure varies from the standard paradigm due to an additional 

factor that participants must take into account: sometimes the stimuli are not present or 

not visible due to masking. As the standard go/no-go task relies on discrimination of some 

stimulus feature to cue participants’ behaviour, an additional instruction is required for 

cases when a stimulus is not seen by participants. In the MGNG task, participants are 

instructed to respond by default if they cannot discriminate the feature associated with 

go/no-go instruction. Essentially, if they are unsure, participants should respond as if 

there was a Go stimulus.  

When these two tasks are put together, participants provide a speeded response to 

Go stimuli and any unseen stimulus, whether Go or No-go. Critically, these two types of 
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Go responses use the same key. Another way of describing the task is that participants 

should “Go, unless you see a No-go stimulus”. Whereas responding requires only 

detection of a stimulus appearance (or mask appearance, as in van Gaal et al., 2008, 

2010), withholding response is contingent upon discriminating a stimulus feature, 

following detection. The design is similar to the stop signal task, in which a stimulus 

changes from indicating Go to No-go during a trial. In contrast, the present design 

features no “instruction change” after initiating a response to a Go stimulus; the 

tendency to respond quickly is driven by the preponderance of Go trials across the 

experimental context. 

The contingencies of stimulus instruction, visibility outcome, and associated 

behaviours in the MGNG task are illustrated in Figure 1. Here, we clarify terminology 

 

Figure 1. Behavioural contingencies in an example masked Go/No-go procedure. Here, a 

diamond is the No-go stimulus and square is the Go stimulus. All stimuli undergo 

masking; based on instantaneous masking effectiveness and stimulus instruction, the 

expected response is determined. Participants respond, unless a diamond (the No-go 

stimulus) is seen. 



 

29

 

we use in the context of this procedure in the following chapters. The usage of Go 

stimulus and No-go stimulus refers specifically to stimuli possessing features associated 

with a response and response inhibition, respectively. We use these terms independently 

of the conditional visibility or masking of the stimulus. That is, a No-go stimulus is called 

such in virtue of its associated instruction, independently of whether a participant has 

responded to or seen it. 

In standard go/no-go designs, it is natural to refer to accuracy and errors as 

measures of participants’ behaviour. But in the MGNG procedure, there are two 

orthogonal sources of information that determine behaviour. Specifically, a response to a 

No-go stimulus may be due to effective masking, or it may indeed be an error of 

commission. As a result, we refrain from describing measures on this task in terms of 

accuracy or error rates, as responding is also contingent on subjective visibility. Instead, 

we present response rates, the proportion of trials that participants endorse with a 

response within the time limit, as well as conditional response rates to Go stimuli (RRgo) 

and to No-go stimuli (RRno-go). 

3.1.2.2 Inhibition to invisible No-go stimuli 

In the MGNG paradigm, participants should always respond to Go stimuli, because 

when discriminable, Go stimuli call for a response, and if unseen, participants should 

respond anyway. Therefore, if we assume that differentiating Go and No-go stimuli is a 

trivial task, an ideal performer in this procedure would show RRgo approaching 100%. 

Some failures to respond to Go stimuli can be expected due to inattention or motor lapses. 

Participants who fail to respond to a significant proportion of Go stimuli may 

misunderstand instructions or be malingering. 

When presented with a No-go stimulus, participants should withhold response only 

if this is discriminable from a Go stimulus; an indiscriminable No-go stimulus should 



 

30

 

produce a response. Therefore, if participant performance is assumed to be ideal, the 

relative visibility of stimuli (i.e., the effectiveness of masking) can be estimated from the 

tendency to respond to No-go stimuli. In this way, RRno-go serves as an auxiliary source 

of information about stimulus visibility across trials, separate from other subjective and 

objective direct measures.  

The utility of the MGNG paradigm for studying unconscious processes is based on 

one critical aspect: that responses due to discriminated Go stimuli and subjectively 

unseen stimuli require the same specific motor response, a speeded keypress. Stimulus 

features and stimulus visibility can be seen as independent sources of evidence 

accumulating toward a shared decision boundary associated with initiating a response. 

The experimental use of the paradigm rests on the assertion that accumulating evidence 

for a Go stimulus may "bleed into" evidence for a subjective indiscriminable stimulus. 

When participants appear to endorse a response of an "unseen" stimulus, this response 

may have actually been modulated by Go- or No-go-associated stimulus features. Despite 

being subjectively unseen, Go and No-go stimuli may show differences in response speed 

or response rates.  

Evidence for the neural correlates of this unconscious process have been described 

by van Gaal and colleagues (2008, 2010). Using fMRI, the researchers found that 

inhibition triggered by strongly masked No-go stimuli activated an “unconscious 

inhibition network” including the left and right inferior frontal cortex and pre-

supplementary motor area, a subset of regions implicated in conscious inhibition (van 

Gaal et al., 2010). In an earlier EEG study, greater P3 positivity followed unconscious 

No-go stimuli, but not when an identical stimulus unassociated with No-go inhibition 

was presented in a control experiment (van Gaal et al., 2008). 
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3.1.2.3 Considerations 

The logic of demonstrating unconscious processing to unseen stimuli is acutely 

sensitive to the method by which experimenters determine that a stimulus was indeed 

unseen on a given trial. While the MGNG procedure provides some information about 

visibility across the session, it cannot be used to infer visibility outcomes at the trial level, 

as responses have several causes. An additional task (a direct measure) is necessary to 

provide information about trial-by-trial fluctuations in visibility. Without this 

information, experimenters must assume a fixed and invariant relationship between the 

parameters of stimulus presentation and subjective visibility.  

A further consideration regards salience or visibility differences between Go- and 

No-go stimuli. Analysis of responses to these stimulus classes, when thought to be 

unseen, relies on the assumption that there are no differences in general visibility 

between them, despite having different features. This amounts to an assumption that 

there are no criterial differences on subjective visibility between differently-featured 

stimuli. To support this assumption, differential subjective visibility of stimuli should be 

balanced without affecting response associations, a task that it is not clear is possible. 

Alternatively, an objective standard may be used to classify invisible trials (see 

Experiment 2). 

The MGNG procedure involves the crossed task of stimulus discrimination and 

visibility judgement. If an online task to explicitly index visibility alone is also used, the 

additional complexity may interfere with performance of the primary task or lead to 

confounding of task responses. Participants may have difficulty maintaining three 

separate task demands in mind during a session, or may de-emphasize one task over the 

other, particularly if tasks are not balanced in frequency. We return to this possibility in 

discussions following Experiments 1 and 2. 
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3.2 Experiment 1 

Our first step was to conceptually replicate a finding of UIR. Could the 

same/different relation of two shapes be integrated, when participants claimed not to 

have perceived those shapes? With this in mind, Experiment 1 presents the method and 

results of an experiment that closely followed the design used by Lin & Murray (2014b, 

Experiment 2). The goal was the replicate the effect in L&M, while modifying a few 

factors of note, hopefully showing both that the effect was replicable and that it is not 

sensitive to certain design decisions in the original study. We predicted that different 

pairs, associated with a No-go instruction, would lead to response inhibition and slowing 

when unseen, compared to Go-associated same pairs.  

Following the previous authors, we operationalized as Unseen stimuli on trials 

which participants subjectively rated using a 1 or 2 on the 4-point Perceptual Awareness 

Scale. Unlike those authors, we did not use a post-test visibility task to perform NHST 

or exclude participants, nor did we infer certain stimulus levels as not consciously visible 

across the experiment, based on general masking effectiveness, as was done in their 

Experiment 1. Instead, inferences of stimulus visibility were based solely on subjective 

ratings after each trial. Furthermore, we varied the stimulus-onset asynchrony (SOA) 

with the goal of obtaining a continuum of masking strengths, and did alter the duration 

or features of stimulus across visibility categories.  

We are careful to note that Experiment 1 below adopts a methodology from this 

earlier work that suffers from concerns raised in the introduction, such as relying on 

subjective reports to classify awareness (Schmidt, 2015). Our goal in Experiment 1 was 

to demonstrate an instance of unconscious integration of relation, and provide a bridge 

to Experiment 2, where several methodological and theoretical improvements are 

introduced. 
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3.2.1 Method 

3.2.1.1 Participants 

31 participants (20 female; mean age 22.8 years, range 18-36) at the University of 

Auckland were recruited in two waves to participate in an experimental session lasting 

around 30 minutes. Participants provided informed consent and were reimbursed with a 

10 NZD shopping voucher. All had normal or corrected vision. Advertising, recruitment, 

and experimentation followed guidelines of the University of Auckland Human 

Participation Ethics Committee, under reference number 013154.  

A first wave of 14 participants were recruited. Due to unexpected variation in task 

compliance among these participants, participant exclusion rules were imposed, as 

detailed below. A second wave of recruitment was carried out, until reaching a sample 

size at least as large as that of Lin & Murray (2014b, Experiment 2, n = 18) after 

participant exclusion. 

3.2.1.2 Stimuli 

The experiment was presented in a darkened room on an ASUS VG278HE monitor 

running at 60 frames per second, using MATLAB (MathWorks, 2012) and PsychToolbox 

(Brainard, 1997). Individual stimulus components were either a 60% grey (78.8 cd/m2) 

diamond or square, each 1.1° on a side, appearing on a 50% grey background (52.8 cd/m2). 

Two components were randomly selected on each trial, producing two “same” stimulus 

pairs and two “different” stimulus pairs, each occurring on 25% of trials (Figure 2). The 

 

Figure 2. Stimuli (left) and procedure (right) of Experiment 1. 

 

 

Figure . Stimuli (left) and procedure (right) of Experiment 1. 
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components appeared 2.3° left and right of a central fixation cross. The stimulus pair was 

displayed for 33.3 ms, followed by an interstimulus interval of varying duration. A 75% 

white metacontrast mask (130.7 cd/m2) then appeared at one of three onset delays (SOA 

of 66.7 ms, 100 ms, or 133.3 ms following stimulus onset) for 200 ms. This mask took the 

form of two white annuli 2.0° in diameter, with an eight-pointed inner contour fitting the 

outer contour of the square and diamond stimuli; this mask sometimes suppressed 

awareness of the preceding stimulus pair (B. Breitmeyer & Ogmen, 2006). This 2-

alternative metacontrast-masked stimulus (square or diamond) and associated mask 

were essentially identical to that used in past research (Lin & Murray, 2014b; van Gaal 

et al., 2010).  

3.2.1.3 Procedure 

The behavioural paradigm was a masked go/no-go procedure, discussed in detail 

above. Participants were asked to respond to a “same” pair or any unseen stimulus pair 

with a keypress. That is, if participants could determine the relation of the two 

components, they would respond if the seen components were the same (a “same pair”, 

e.g., two squares) and withhold response if the components differed (a “different pair”, 

e.g., a diamond and square). Critically, if participants could not identify the relation due 

to masking, they were instructed to respond with a speeded keypress anyway. 

Participants had 1.8 seconds following the onset of the stimulus pair to respond. Any 

failure to respond before the end of this period was treated as No-go response. No 

feedback was provided. 
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Immediately following their speeded response or the end of the response period, 

participants completed a second visibility task. A screen presented four scale options (‘No 

Experience’, ‘Brief Glimpse’, ‘Almost Clear Impression’, ‘Clear Impression’) from which 

participants were asked to indicate subjective visibility of the masked stimulus pair 

using the corresponding 1 through 4 keys. The visibility scale was based on the four-point 

Perceptual Awareness Scale (Ramsøy & Overgaard, 2004). Specific guidance on scale 

usage was provided during the initial task training and practice phases, and is presented 

in Table 1. Note that this guidance made it clear that participants were indicating the 

visibility of the masked shapes in particular. Verbally, participants were encouraged to 

use Rating 3 or 4 only if they felt they could identify the stimuli, and Rating 1 or 2 

otherwise. 

Participants first completed a 10-minute training block, consisting of 60 trials, 

before undertaking a 30-minute main experiment. The main experiment consisted of 128 

trials at each of three SOAs. Half of trials present different pairs, and half same pairs. 

Each stimulus component, stimulus pair, and associated instruction appeared an equal 

number of times. Although Go- and No-go-associated stimuli were equally likely, it was 

expected that participants would respond on a majority of trials due to effective masking. 

 

Table 1. Description of Perceptual Awareness Scale (Ramsøy & Overgaard, 2004) as used 

in Experiment 1. 

 

 

Rating Description as Provided Example as Provided

1 No experience (of the shapes) "I saw nothing… or just a flash."

2
Brief glimpse (of the shapes,

but can't recognize what they were)

"I couldn't make out what the 

shapes were."

3 Almost clear impression of the shapes
"A diamond, and probably a square 

on the right."

4 Clear impression "Clearly a diamond and a square."
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3.2.2 Analysis 

On each trial, participants either withheld response or responded with speed on the 

MGNG task, and provided a visibility rating on the visibility task. Three behavioural 

measures were collected: response rate (made/withheld response), reaction time (if 

response given), and visibility rating. Outliers were first removed from valid reaction 

times less than 1.8 seconds. With each participant and condition, reaction times more 

than two standard deviations from the mean were excluded and the mean recalculated. 

This trimmed mean was used as the measure of reaction time in all analyses. Response 

rates were calculated for all responses within each condition, regardless of reaction time. 

To present and inspect the distribution of reaction times as recommended by Whelan 

(2008), we calculated mean reaction times within deciles for each participant and 

averaged these for each condition (Vincentizing) (Ratcliff, 1979). These reaction times 

distributions were not analysed, and excluded outlier trials as above. 

Following Lin & Murray (2014b, Experiment 2), we based further analysis on the 

assumption that Ratings 1 or 2 reflect a lack of awareness. These trials were treated as 

Unseen, while trials rated 3 or 4 were considered Seen. To analyse the condition of pair 

relation, same pair exemplars (two squares or two diamonds) were collapsed and 

analysed as Go stimuli; different pairs (a diamond and square, and vice versa) were 

collapsed as No-go stimuli. 

Statistical analyses were performed in MathWorks MATLAB R2012b/R2017a and 

IBM SPSS Statistics 24. 

3.2.2.1 Compliance 

As discussed above, making or withholding a response in the masked go/no-go task 

is conditional not only on whether the stimulus pair is a Go or No-go stimulus (based on 

the pair relation) but also on subjective visibility. Ideally, the response rate conditional 
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on presentation of a Go stimulus (RRgo) should be near 100%, because a Go stimulus 

should always be responded to regardless of its visibility. Conversely, RRno-go should 

remain low when No-go stimuli are consciously seen (demonstrating conscious inhibition) 

and should be near 100% if unseen.  

Because the visibility rating task is a distinct assessment of subjective stimulus 

visibility, response rates can be checked for their accordance with participant visibility 

ratings. To determine whether participants were performing the task as expected, we 

analysed response rates conditional on which stimulus was presented and how 

participants rated the visibility post-trial. For each participant, we calculated RRno-go 

across all SOAs, separately for Unseen and Seen No-go stimuli (Figure 3).  

Following a first wave of experimentation, we discovered that while the majority of 

participants performed as expected in responding to No-go stimuli, there was a large 

variation indicating that some had difficulty in following the task. As this variation was 

unexpected, we set rules for excluding participants from further analysis before 

continuing data collection. Across all 31 participants, responding to seen No-go stimuli 

 

Figure 3. Response rates to No-go stimuli for each participant in Experiment 1, contingent 

on PASR rating given following the trial. Triangles: response rate on No-go trials rated 1 

or 2; rectangles: response rate on No-go trials rated 3 or 4. Participants are ordered based 

on the difference in these two scores; longer grey bars represent better task following. The 

grey area represents excluded participants (see text). 
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(RRno-go | PASR 3/4) averaged 18.3% (SEM: 4.3%) while responding to unseen No-go (RRno-go 

| PASR 1/2) was higher, at 63.8% (SEM: 6.0%). We set two criteria based on visual inspection 

of response patterns to No-go stimuli (Figure 3, shaded area), both of which had to be 

met for inclusion in further analysis. We required participants to respond at least half 

the time to No-go stimuli they claimed were unseen (RRno-go | PASR 1/2 ≥ 50%). Participants 

were also expected to respond no more than half the time to No-go stimuli they claimed 

were seen (RRno-go | PASR 3/4 ≤ 50%). Based on the inconsistency between performance on 

the MGNG and visibility rating tasks, we cannot say whether participants’ subjective 

reports were inappropriate, or they were failing to respond properly to Go and No-go 

stimuli. As we could not rely on these participants’ ratings and many had too few trials 

available for further analysis, we excluded these participants on the basis of task 

compliance. 

3.2.2.2 Visibility 

Unlike previous authors, who varied the perceptual strength of the stimuli by 

manipulating stimulus duration, we manipulated the SOA between stimuli and masks 

in an attempt to promote a wider variation in masking effectiveness without affecting 

stimulus strength. We investigated the effectiveness of metacontrast masking at each 

SOA by looking at visibility ratings endorsed by participants after each trial. If masking 

was successful at keeping stimuli from awareness at a given SOA, this should be reflected 

in lower Perceptual Awareness Scale ratings on those trials.  
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The frequency of rating use for each SOA is illustrated in Figure 4. Across 

participants, masking effectiveness fell with increasing SOA. Based upon generally high 

scale ratings, masking appeared to be ineffective at SOAs of 100 ms and 133.3 ms (mean 

number of trials rated 1 or 2 (out of 128), 66.7 ms: 100 (range: 36-124); 100 ms: 46 (range: 

12-100); 133.3 ms: 23 (range: 2-71)). It is also important to note that the data obscures 

large individual differences in scale use and SOA masking effectiveness. For instance, 

several participants appeared totally immune to masking at SOAs of 100 ms and 133.3 

ms, while others hardly saw anything at the shortest SOA. 

At higher SOAs, we found that there were too few trials rated as 1 or 2 to analyse 

these as unseen. In some cases, there were not sufficient trials of one stimulus 

instruction. This was unfortunate, as it made it infeasible to compare behaviour across 

different SOAs as we intended. Because our main focus was to compare across stimulus 

instructions within successfully masked and subjectively unseen trials, we limited the 

remainder of the analysis to the shortest SOA of 66.7 ms. 

 

Figure 4. Distribution of PAS ratings reported by participants in Experiment 1, as a 

proportion of all ratings within each SOA. Error bars represent standard error of the 

mean. 

 



 

40

 

3.2.2.3 Response rates and reaction times 

To detect general effects of response inhibition, we compared response rates to Go 

vs. No-go stimuli on Unseen trials (Ratings 1 or 2) and Seen trials (Ratings 3 or 4) (Table 

2). These response rates were submitted to an omnibus repeated measures ANOVA with 

within-subject factors Stimulus Instruction (Go (same) or No-go (different)) and Reported 

Visibility (Seen or Unseen). We expected an interaction in the effects of these factors, as 

only Seen No-go stimuli should show greatly reduced responding. We planned further 

comparisons of Go vs No-go stimuli within the Unseen condition, where No-go stimuli 

might lead to a greater tendency to inhibit response despite being subjectively unseen. 

An omnibus analysis of mean reaction times was prohibited by the limited number 

of responses to Seen stimuli (range: 0-17 No-go trials, 1-27 Go trials). Planned paired t-

tests were performed on mean reaction times comparing Unseen Go and Unseen No-go 

conditions. We specifically predicted that within Unseen trials, no-go stimuli would show 

slower responses.  

 

Table 2. Response rates (as percentage of trials) contingent on SOA, Reported Visibility, 

and Stimulus Instruction in Experiment 1. Rates are grand means of included (top) and 

excluded (bottom) participants. Numbers in brackets represent standard error of the 

mean. 

 

 

Unseen Seen Unseen Seen Unseen Seen

Go (Same)
91.5

(2.2)

78.3

(6.2)

83.2

(3.8)

90.9

(3.3)

86.2

(3.7)

91.0

(4.2)

No-go (Diff.)
89.4

(2.0)

34.4

(6.4)

83.8

(3.1)

11.0

(3.1)

87.6

(3.5)

7.5

(2.4)

Go (Same)
52.3

(9.4)

86.5

(4.7)

66.3

(8.8)

94.2

(2.0)

64.4

(10.8)

97.5

(1.3)

No-go (Diff.)
34.1

(8.0)

37.7

(9.2)

26.6

(8.9)

24.8

(9.8)

32.3

(8.4)

20.7

(9.1)

SOA

66.7 ms 100 ms 133.3 ms

Included

n  = 18

Excluded

n  = 13
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3.2.3 Results 

3.2.3.1 Participant exclusion 

Ten participants failed the first criterion, often inhibiting response to No-go stimuli 

they later rated as invisible. Three further participants were rejected for failing to inhibit 

response to No-go stimuli they rated as visible. After exclusion, responding to seen No-

go stimuli (RRno-go | PASR 3/4) for the 18 remaining participants was 12.7% (SEM: 2.8%) 

while responding to unseen No-go (RRno-go | PASR 1/2) increased greatly to 87.0% (SEM: 

2.2%).  

3.2.3.2 Unconscious effects 

Main effects for Stimulus Instruction and Reported Visibility on responding showed 

that participants responded more to Go stimuli (same pairs) (F(1,17) = 24.24, p < 0.001) 

and more to Unseen stimuli (F(1,17) = 62.96, p < 0.001), as expected due to inhibition 

associated with task instructions. An interaction showed that participants inhibited 

response more to Seen No-go stimuli in particular (F(1,17) = 24.69, p < 0.001) (Table 3).  

The planned comparison of response rates to Unseen Go vs. Unseen No-go pairs 

showed that participants more often responded to Unseen Go stimuli than Unseen No-

 

Table 3. Analysis of Variance for Response Rates in Experiment 1. SS = Sum of squares. 

***p < .001. 

 

 

 

Source SS df F p

Stimulus Instruction 0.95 1 24.24 < 0.001*** 0.59

(Error) 0.67 17 0.04

Reported Visibility 2.09 1 62.96 < 0.001*** 0.79

(Error) 0.56 17

Stimulus Instruction × 

Reported Visibility
0.79 1 24.69 < 0.001*** 0.59

(Error) 0.54 17

𝜂𝑃
2  
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go stimuli (t(17) = 2.18, p = 0.044, Figure 5). Mean reaction times to Unseen No-go 

stimulus pairs were 34 ms slower than to Unseen Go stimulus pairs, despite these stimuli 

being rated as subjectively invisible (t(17) = 2.78, p = .013, 95% CI [10 ms, 58 ms], Figure 

5). As mentioned above, reaction times to Seen stimuli could not be investigated due to 

insufficient trials. 

3.2.3.3 Effect of participant exclusion regime 

Based on failure to perform the task effectively, a high number of participants were 

excluded. To test the effect of this exclusion, we repeated the above analyses using an 

alternative exclusion regime. If results differed greatly between the two approaches, this 

might indicate a concern with the exclusion employed. We note that the analysis of 

reaction times in Unseen conditions requires that a sufficient number of reaction times 

be available for each participant. As an alternative to exclusion based on task following, 

we included all participants who had a minimum of 10 speeded responses to unseen 

stimuli of each relation. Based on this rule, 25 of the original 31 participants were 

analysable; planned comparisons of response rate and mean reaction times were 

repeated. Reaction times to Unseen No-go stimuli were again slower than to Unseen Go 

stimuli (t(24) = 3.07, p = 0.005). Responding to Unseen No-go stimuli was reduced 

(t(24) = 2.57, p = 0.017). Interpretation of these findings, particularly that of reduced 

responding, should be interpreted with caution, as several participants showed clear 
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differences in responding between stimulus types that suggest these were not truly 

unseen. 

3.3 Discussion 

Experiment 1 revealed an inhibitory slowing effect and reduced responding for 

unconsciously presented No-go pairs. Importantly, what defined these No-go pairs was 

the relation between two stimuli, rather than any particular perceptual feature. These 

findings echo the results observed by Lin & Murray (2014b), although there were some 

differences in procedure and analysis. Compared to their Experiment 2, where the 

authors observed slowing on the order of 32.0 ms (SEM: 7.2 ms), the effect obtained in 

Experiment 1 is of a similar magnitude. 

While there are some noteworthy differences between the two experiments, we view 

these as relatively minor in context. Experiment 1 is presented as a conceptual 

replication of L&M, and is successful in that (a) the unconscious effect was analysed and 

evidenced similarly, (b) changes to the experimental design were made to strengthen it, 

 

Figure 5. Measures in Experiment 1 for Go and No-go stimuli, contingent on being rated 

Unseen. Shown are response rates (left), reaction times (middle), and Vincentized reaction 

time distributions (right). Error bars represent standard error of the mean. *p < .05. 

 

* * 
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and (c) both L&M and Experiment 1 use similar approaches to indexing awareness (“not-

seen judgments” in Schmidt’s (2015) terminology), although we consider these 

problematic. 

3.3.1 Extensions to L&M Findings 

3.3.1.1 No post-test employed 

In both experiments in Lin & Murray (2014b), the researchers used a post-test 

visibility task, after the main experiment, to index participants’ ability to see the stimuli. 

As discussed above, there are some concerns with interpreting the result of these post-

tests to demonstrate that participants cannot see stimuli. L&M use individual 

performance on their visibility task to exclude participants via a criterion set a priori.  

L&M also collected online subjective reports after each trial in their Experiment 2. 

This is the approach to demonstrating unawareness we have focused on in Experiment 

1. We expected that there would be trial-by-trial fluctuations in stimulus visibility, even 

when stimulus parameters were fixed; indeed we found that visibility varied across and 

within participants. While more information is always better, we chose to omit the 

objective assessment of visibility for this experiment. It is unclear how the addition of a 

participant selection regime based on at-chance discrimination, an approach rejected by 

Shanks (2017), would strengthen conclusions of stimulus invisibility on particular trials. 

On the contrary, excluding participants who are above chance ignores the stochastic 

nature of masking.  

3.3.1.2 Manipulation of stimulus parameters vs. SOA 

In two experiments by L&M, the authors manipulated the strength of the stimuli 

in two ways, with a view to affect their visibility. First, three stimulus durations were 

used, namely 16 ms, 33 ms, and 200 ms. Stimuli presented at 200 ms were assumed to 

be visible while stimuli shown for 16 ms and 33 ms were assumed to be “strongly masked 
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and imperceptible to the participants’ conscious awareness” (Lin & Murray, 2014b). In 

their Experiment 1, stimuli of these shorter durations were treated as unseen, based only 

on poor discrimination on the post-test visibility task; Experiment 2 also implemented a 

trial-based subjective assessment to aid in classification. 

Secondly, long-duration stimuli in those experiments were more complex in their 

visual features, in comparison to the simple squares and diamonds presented at shorter 

durations. While the extra exemplars boost conclusions that a proper integration process 

is at work, they also introduce an additional qualitative difference between seen and 

unseen trials besides those occurring due to masking. The more complex “visible” stimuli 

could also mislead participants about what stimuli occur in the experiment, affecting 

auxiliary measures such as subjective reports. If participants were never consciously 

exposed to squares and diamonds, their sensitivity to these shapes may be lowered as an 

effect of a lack of familiarity. 

The approach of varying the duration of stimuli and their features is problematic in 

that these changes affect the stimuli themselves and presumably their salience and 

discriminability. That is, differences in masking effectiveness between poorly and 

strongly masked stimuli are not due to trial-by-trial fluctuations in ongoing brain 

activity, but essential stimulus attributes (Van den Bussche et al., 2013). This opens up 

the possibility that the processes driving observed differences in unseen stimuli are not 

comparable to those in seen stimuli. As a result it is more appropriate to manipulate the 

stimulus-onset asynchrony between target stimuli and masks when attempting to vary 

masking effectiveness. Although it is thought that masks interfere with stimulus 

processing in some way, varying the SOA is the commonly accepted method to vary 

masking without varying the stimulus itself. 

In Experiment 1, we used three SOA intervals in an attempt to obtain a range of 
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visibility. Stimulus duration was also fixed at 33 ms, and all stimuli – including poorly 

masked stimuli – consisted only of squares and diamonds. We found visibility to vary 

largely across participants, and follow an essentially all-or-none pattern. Stimuli at the 

shortest SOA were largely given low subjective visibility ratings, and at the highest SOA 

they were mostly visible. The middle SOA of 100 ms showed a mix of visibilities, but in 

an inconsistent manner that prevented those trials from being analysed in isolation 

across participants.  

Despite these differences in the stimuli used, the outcomes for behaviour – 

particularly the evidence for unconscious inhibition from No-go stimuli – were similar in 

the present experiment and in L&M’s Experiment 2. Notably, this suggests that when 

L&M used masked and unmasked stimuli which differed in form and features, this did 

not have a major effect on the unconscious process driving the differences between 

conditions.  

3.3.2 Issues shared by Experiment 1 and L&M 

3.3.2.1 Trial selection via “not-seen judgements” 

In their Experiment 1, Lin & Murray treated short duration stimuli as fully masked 

throughout the experiment. That is, beyond excluding certain participants who 

discriminated well on the post-test visibility task, there was no assessment of visibility 

of particular trials. In Experiment 2, the authors added a trial-based assessment, where 

they collected subjective ratings in the form of the Perceptual Awareness Scale. In the 

present Experiment 1, we also collected subjective ratings following each trial, and based 

our analysis on these ratings. Stimuli were considered unconscious when they were 

subjective rated as unexperienced or briefly glimpsed following a given trial.  

As discussed earlier, these methods, although standard, rely on subjective reports 

that could allow visible stimuli to remain undetected. Additionally, Lin & Murray have 
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themselves demonstrated that subjective ratings are affected by the experimental 

context in which stimuli are presented (Lin & Murray, 2014a). These concerns have been 

repeatedly raised in the literature under the umbrella of the “criterion problem” and pose 

the risk of leading to false-positive results (Schmidt, 2015).  

The data of our Experiment 1 give some credence to concerns of the analysis of NSJs 

in isolation. We found that many participants failed to use the visibility scale as expected, 

based on a discrepancy with their performance on the MGNG task, leading to participant 

exclusion. For one, a handful of participants failed to use Rating 1 at all, precluding an 

analysis of Rating 1 trials as performed by L&M. This underlines the warning that 

subjective reports are unreliable and may vary dramatically between observers, and 

cannot be taken at face value.  

As a concrete example, what could participants mean when they indicate having a 

“brief glimpse” (Rating 2) of stimuli? On the face of the description, it is not clear whether 

this should refer to a glimpse of the presence of a stimulus, or to a glimpse of its features 

and properties. It is the former sense in which this rating has been treated in L&M and 

the present work, as it is assumed that participants did not glean the relation of stimuli; 

participants are also instructed to use the ratings in this manner. If they interpret it in 

the latter way, then some liminal knowledge of stimulus relation is being captured in the 

Unseen analysis. The confusion is a matter of what the object of awareness is when 

requesting a subjective report, and of best practices for implementing subjective scales. 

This issue is not unknown in relation to PAS use. While proponents of the PAS 

argue that it is very exhaustive to conscious stimulus knowledge (as reflected in its 

sensitivity to stimulus changes), Dienes & Seth (2010b) point out that this could simply 

be an artefact of a lack of exclusivity. That is, even if subjective awareness of a relevant 

stimulus is held constant, observers may alter their ratings based on other 
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phenomenology, particularly if the relevant target of awareness not specified. Here, that 

could mean that ratings (inappropriately) reflected awareness of stimulus presentation, 

awareness of stimulus parts (i.e., edges), metacognitive vigilance, etc. In the terms of 

Newell and Shanks (2014), the relevance of PAS ratings can be questioned. 

Therefore, demonstrations of unconscious processing are strengthened when 

methods to screen for residual awareness are exhaustive (Reingold & Merikle, 1988), and 

preclude the possibility of “visibility leak”. This also means that measures should be 

relevant to the awareness of features of interest; as used in practice here, they should be 

relevant specifically to stimulus orientations and relations. The concern motivated the 

development of Experiment 2, which implements a trial-level discrimination task to 

provide an objective classification of unawareness. 

3.3.2.2 No counterbalancing of Instruction with Pair Relation 

A weakness of this design and of L&M is that the No-go instruction was solely 

associated with different stimulus pairs, and the Go instruction with same pairs. This 

means that different pairs were always associated with inhibition. Yet, there are good 

reasons to think that there may be pre-existing processing differences between same and 

different pairs. Lin & Murray provide little exploration of how these differences could 

drive their results. Yet there is good evidence that participants are slower to respond to 

Different stimuli than Same stimuli, even outside of masking paradigms (Posner, Boies, 

Eichelman, & Taylor, 1969). While it could be argued that any differences between 

stimulus classes in the unseen condition are indicative of unconscious processing, these 

differences should be associated with task demands to show that stimulus properties are 

being integrated in a higher-level process such as the judgment of relation.  

The pairing of pair relation and go/no-go instruction is therefore a factor that should 

be counterbalanced. If a particular pair relation can be associated with a consciously-
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performed instruction, and this is unrelated to any prepotent effects due to same or 

different pairs, then unconscious inhibitory effects should be noted regardless of which 

relation type is associated with a speeded response. In Experiment 2, we introduced a 

between-subjects factor to investigate the possibility that task-independent properties of 

same and different pairs drove differences in MGNG task performance under masking. 

3.3.2.3 Limited stimulus exemplars 

As discussed in Section 2.5.1, the use of a very limited set of stimulus exemplars 

weakens the claims of meaningful unconscious integration. In Experiment 1 as in L&M, 

four pairs consisting of squares and diamonds were employed. As designed, participants 

responded based on a binary feature – the same or different relation of the stimulus pair. 

But each of these two relation types consisted of only two exemplars: for instance, a 

different pair could only take the form of “diamond-square” or “square-diamond”. This 

limitation leaves open the possibility that alternative perceptual mechanisms - rather 

than integration – can explain the associations formed with these 4 stimulus exemplars 

and differences in responding with or without awareness. Participants could learn to 

process each pair as a single perceptual unit, which would require more stimulus-

response associations but without necessitating the involvement of a postperceptual 

integration step. 

Idiosyncrasies of the limited stimulus set could further simplify the processing 

needed. For example, observers may have inferred the presence of a "different" stimulus 

pair by learning to detect an asymmetry in luminance transients produced by 

metacontrast masking or differential masking effectiveness. Simultaneously, 

participants would be able to claim that they genuinely remained unaware of the 

component shapes or pair relation. This strategy would simplify stimulus-response 

contingencies, without being reflected in measures of awareness if the latter were not 
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exhaustive.  

Thus, using only two stimulus identities to construct stimulus pairs undermines the 

conclusion that true integration of a higher-level representation has occurred. As a 

result, we developed and implemented a novel stimulus set in Experiment 2, which would 

be more likely to require this integrative function. 

3.3.2.4 High participant exclusion & inconsistent masking strength 

The findings above should be interpreted with caution in light of our high exclusion 

rates for participants. During experimentation were surprised by the great variance in 

performance and had to implement rules for exclusion. We removed 13 of 31 participants 

based on a discrepancy between go/no-go responding and the subjective reports they 

provided. As reliable responses to both tasks were necessary for planned analyses, we 

felt justified in excluding these participants as noncompliant. While it is unfortunate 

that these rules were set after the experiment began, the criteria for exclusion are 

orthogonal to the effects of interest. Furthermore, it would not be realistic to expect 

unconscious effects to appear when participants are unable to perform the task 

consciously in the first instance.  

This complication was unexpected as L&M reported no task issues leading to 

exclusion in this particular publication (Lin & Murray, 2014b). Yet, a closer look at the 

literature revealed that Lin & Murray reported participant issues in an MGNG task in 

a separate study (2014a). There, they excluded 9 of 25 participants for poor performance 

on catch trials in one experiment (Experiment 1A), but low or no exclusion in several 

other experiments using similar criteria. In an earlier study using the MGNG task, van 

Gaal and colleagues (2010) excluded 5 of 29 participants after 1 hour of practice who 

showed “difficulty differentiating between the conditions”. Thus, we suspect that the 

complexity of the MGNG procedure leads to high variation in participant task following. 
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A second possibility is suggested by an inspection of masking effectiveness in 

Experiment 1. This reveals that there were large variations in masking strength, with 

several participants essentially immune to masking, and others who were likely to have 

seen very few stimuli consciously. Presumably, the proportion of visible stimuli would 

indirectly affect performance on the MGNG task; participants who could not consciously 

see very many stimuli would be likely to perform poorly on the occasions that these 

appeared. Conversely, a participant who could see most of the stimuli might fail to 

“respond if unseen” to successfully masked pairs.  

Although this possibility is difficult to support in the data, it could potentially be 

avoided if masking were more consistent. One solution would be to manipulate the 

visibility of stimuli for each participant, such that the proportion of visible and invisible 

trials was controlled. We implemented this approach in Experiment 2, where the outcome 

of an online direct measure was used to dynamically adjust the effectiveness of masking 

via the SOA between target and mask. 

3.4 Conclusion 

Experiment 1 was designed as a conceptual replication of Experiment 2 in Lin & 

Murray (2014b), in which researchers showed that despite claiming subjective 

unawareness of stimuli, participants’ behaviour could still be affected by the relation of 

the stimuli. Although we varied some parameters of presentation, the main effect of that 

earlier study is replicated, with an effect very similar in magnitude to the original. Thus, 

we view this as a successful replication of UIR.  

Nevertheless, several issues with Experiment 1 remain, some of these reflected also 

in earlier research. For one, although they are commonly utilized, not-seen judgments 

should not be relied upon to reflect unawareness; this reflects a failure to robustly 

demonstrate an unconscious process. Two, the limited exemplar set allows several 
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alternative explanations for the findings. The latter concern is exacerbated by the failure 

to establish whether some aspect of the pair relation itself was responsible for 

behavioural differences; thus, the process of integration was not adequately shown. 

While these issues appear minor, they force the conclusion that the experiment provides 

only weak evidence that the proposed integration function exists and occurs 

unconsciously. Manipulations to address these shortcomings provided the basis for 

Experiment 2. 
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4 INTEGRATION WITHOUT IDENTIFICATION 

OF MULTIPLE EXEMPLARS 

4.1 Introduction  

Two critical questions have not been formally addressed by the previous literature 

or by Experiment 1. First, does the effect of unconscious integration of relation obtain 

with a more complex stimulus set, such that a postperceptual integrative rule is the most 

parsimonious explanation of the data? Second, if it is possible that the observed effects 

are driven by partial visibility of stimuli (and are therefore not unconscious), how can 

experimenters assess and demonstrate that stimuli have truly been perceived without 

awareness? These questions motivated the introduction of novel methods in Experiment 

2.  

4.1.1 Improving the demonstration of integration 

As discussed in Section 2.5.2, for integration to be considered as such, it should be 

shown to be independent of the idiosyncratic features of its inputs. In Experiment 1, 

L&M, and other UIR studies (Lin & Murray, 2014b; Liu et al., 2016; Wang et al., 2017), 

the array of inputs was limited to two, forming four permutations, with two output 

values. This comparison operation can be considered integration only in a trivial sense. 

To be convincing as integration, the easiest way to address this issue is to increase the 

stimulus set size such that integration must occur over a wide array of inputs; many 

more than two stimuli must be meaningfully processed.  

Here, we sought to carry out a stronger test of unconscious integration of relation 

by demonstrating whether it could be performed on a larger range of stimuli. We 

developed a new stimulus set specifically for use in Experiment 2. Each component of 

this set could take one of five possible orientations while still remaining effectively 
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masked; these five orientations could be crossed to create five same pairs and twenty 

different pairs. Thus, the stimulus set was greatly expanded at the single component and 

pair level. Testing of this new stimulus set under metacontrast masking was undertaken 

prior to Experiment 2, and is detailed in Appendix A. 

Features of this new stimulus set addressed several potential confounds for 

establishing genuine integration. One, more component exemplars and pair 

permutations were possible, increasing the information complexity of integration. Two, 

conscious exposure to any particular stimulus pair was reduced, making it unlikely that 

rapid stimulus-response mapping could occur. Three, symmetric and asymmetric pairs 

were present in both same and different pair sets (Figure 6; cf. Figure 2), and thus a 

symmetry confound would apply to both. Finally, partial visibility of a stimulus did not 

uniquely identify its orientation (i.e., when seeing one horn, three orientations possible). 

In addition to implementing this new stimulus set, we introduced a between-

subjects factor that counterbalanced the response associated with each relation type, 

such that any remaining difference between stimulus sets would be reduced or reflected 

in an interaction across participant groups. 

4.1.2 Identifying unawareness through misidentification 

In Section 1.3, we discussed aspects of methods to demonstrate that participants 

are unaware of stimuli in an experimental setting. We saw that existing evidence for UIR 

(Section 2.5.2) may not have convincingly established that stimuli were unconscious, and 

this concern was revisited in Experiment 1. We therefore sought a method of 

demonstrating the absence of awareness that would exhaustively screen for potential 

"awareness leak" (Newell & Shanks, 2014; Reingold & Merikle, 1988) and would provide 

critical trial-level resolution while retaining objective assessment criteria. In the 

following experiment, we implemented an a priori approach for considering trials as 
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unconscious that we refer to as the misidentification criterion (MIDC).  

As a starting point, we return to what we consider the clearest indicator of 

awareness: accurate report. Reportability is an appropriate basis for drawing conclusions 

about consciousness, because reports carry information that is private to the subject, but 

also represents objective states in the world (see also: awareness operationalized as 

reportable knowledge, Newell & Shanks, 2014, p. 15). Rosenthal provides a pointed 

summary of the reportability test for consciousness: 

A standard test for a mental state’s being conscious is that the individual can report 

being in that state. If we have good reason to think somebody thinks, perceives, or 

feels something but the person sincerely denies being in that state, we conclude that 

the thinking, perceiving, or feeling is not conscious. This test guides us in both in 

commonsense contexts and experimental psychology. (Rosenthal, 2009, p. 11) 

At first glance, Rosenthal appears to claim that a conscious report indicates 

conscious access to information. But, we know that in the experimental context, reports 

should not be taken for granted: a correct report may only be incidentally correct when a 

choice is forced. Thus, it would be proper to reject the claim that reportability implies 

awareness. The demonstrative power of reportability becomes clear in the second 

sentence: it falsifies claims of consciousness. That is, while report may not reflect 

awareness, a reporting failure implies a failure of conscious access.  

Unconscious stimuli are “those that we cannot report about, even when attended 

to” (Lamme, 2004, p. 865). Holender, too, explicitly identifies the lack of conscious 

identification with the lack of the “ability to respond discriminatively to a stimulus at 

the time of presentation” (Holender, 1986, p. 3). Of course, some conditionals are needed 

to accept these definitions. Generally, we do not expect reportability for all conscious 

stimulation, such as when one is unmotivated or otherwise prohibited from reporting 

(e.g., in locked-in syndrome, Tsuchiya, Wilke, Frässle, & Lamme, 2015). But, if we have 

shown that and observer is attentive and capable towards a task, yet still reports 

incorrectly about a stimulus, we may conclude that the stimulus was not conscious.  
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This reasoning is the theoretical driving force underlying the misidentification 

criterion. Using MIDC in the current context, we infer unawareness on a given trial 

whenever a participant misidentifies the stimulus, that is, they endorse the wrong 

feature-of-interest on an otherwise trivial discrimination task. In Experiment 2, a forced-

choice stimulus discrimination task following every trial classifies cases in which 

participants wrongly identify the orientation of stimulus components, where these 

orientations are also the inputs to a relation integration task. Misidentified stimuli on 

these trials are treated as unaware in subsequent analysis. Correct discrimination 

outcomes, whether due to awareness or correct guessing, are excluded from the analysis. 

This approach relies on an objective, trial-based assessment of the absence of 

awareness. It is comparable to subjective trial-based approaches to classifying awareness 

(Ro, Singhal, Breitmeyer, & Garcia, 2009; Van den Bussche et al., 2013) in that it takes 

advantage of natural within-session and intra-individual variation in stimulus visibility. 

In contrast, here we do not rely on problematic “not-seen judgments” (Schmidt, 2015), as 

trial binning is based upon an objective behavioural outcome: endorsement of the 

incorrect stimulus feature. Objective outcomes have previously been used to infer 

subjective states at the trial-level (Lamy et al., 2009); importantly, we limit our analysis 

to inferred cases of unawareness.  

The use of MIDC can potentially provide a robust demonstration of unawareness as 

it prioritizes the detection of conscious knowledge of the feature-of-interest. This comes 

at the cost of several trade-offs. For one, our conclusions are restricted to cases where 

conscious discrimination fails, which potentially excludes a number of “genuinely 

unconscious” trials where identification was incidentally correct. This amounts to a 

sacrifice of specificity for greater sensitivity in detecting conscious knowledge (i.e., 

exclusivity for exhaustiveness, Reingold & Merikle, 1988; Schmidt & Vorberg, 2006). We 
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use the misidentification criterion in the current context as a stringent technique for 

excluding cases of latent visibility; as the technique comes with its own limitations and 

caveats, we advocate its use in select circumstances and in combination with traditional 

approaches. 

4.2 Experiment 2 

In this experiment, we investigated the possibility of unconscious integration of the 

relation of a pair of stimuli, specifically (i) when the number of possible stimuli was large 

and (ii) while meeting the misidentification criterion for lack of awareness. On each trial, 

participants performed a masked go/no-go task on two weakly-masked oriented arrows, 

based on whether their orientations were same or different; one relation type made up 

No-go stimuli (e.g., withhold response for any “different” stimuli). In a second 

discrimination task in each trial, participants identified which two stimulus orientations 

appeared in the MGNG task. In particular, we hypothesized that reduced responding 

and slower reaction times to No-go stimuli (e.g., different pairs) relative to Go relation 

stimuli (e.g., same pairs) would occur when both stimulus components were 

misidentified, providing evidence for unconscious integration.  

We designed Experiment 2 around a novel method to allow an objective 

classification of unawareness at the trial level. Additionally, Experiment 2 tested UIR 

using a novel 5-alternative stimulus, requiring that the process be generalized to a larger 

range of instances. Again, we predicted that no-go pairs would lead to response inhibition 

and slowing when unseen. To assert that participants are unaware of the stimuli, we 

focused on trials in which participants could not identify either of two individual stimuli. 

In analysis, the unseen condition was operationalized as cases where participants 

misidentified both of two stimulus components. 

Two further changes separated this experiment from Experiment 1. Pair relation 
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(whether stimuli were same or different) as associated with Go/No-go instruction was 

counterbalanced across participants. That is, half of participants inhibited response to 

different pairs (as in Experiment 1) and half to same pairs. Furthermore, to maintain 

consistent masking across participants and within a session, a staircase procedure was 

implemented which controlled the SOA between stimuli and masks. The staircase was 

adjusted based on discrimination task performance with the goal of producing a mix of 

visible and invisible trials for each participant.  

4.2.1 Method 

4.2.1.1 Participants 

61 students (41 female; mean age 22.3 years, range 18-38) at the University of 

Auckland were recruited to participate in an experimental session lasting 60 minutes. 

Participants provided informed consent and were reimbursed with a 10 NZD shopping 

voucher. All had normal or corrected vision. Advertising, recruitment, and 

experimentation followed guidelines of the University of Auckland Human Participation 

Ethics Committee, under reference number 013154. Three additional participants did 

not complete the experiment due to withdrawal or a technical issue; these were not 

further analysed. Participants were recruited such that there were at least 20 samples 

in each of two subject groups, following participant exclusion (detailed below). 
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4.2.1.2 Stimuli 

The experiment was presented in a darkened room on an ASUS VG278HE monitor 

running at 144 frames per second, using MATLAB (MathWorks, 2012) and PsychToolbox 

(Brainard, 1997). On each trial, participants were presented with two individual 

component stimuli appearing 2.77° left and right of a central fixation. Components (40% 

grey; 30.3 cd/m2) were presented against a black background (0.4 cd/m2) and resembled 

arrowheads which subtended 0.96° on the longest side. Each component could appear at 

one of five orientations, chosen so as to prevent perceptual artifacts from orthogonal 

edges; each appeared to point at 67°, 139°, 211°, 283°, or 355° (clockwise from vertical). 

Components were crossed to create five same pairs and twenty different pairs based on 

their relative orientation (Figure 6). Each pair appeared for 34.7 ms before disappearing. 

A 100% white (196.1 cd/m2) metacontrast mask then appeared for a duration of 173.6 ms 

following a staircase-controlled SOA (detailed below). This mask was comprised of two 

white annuli 1.07° in diameter, with a five-pointed star as an inner contour. This mask 

sometimes suppressed awareness of the preceding stimulus pair. 

This 5-alternative metacontrast stimulus and mask was tested during development 

and prior to use in Experiment 2. This revealed that masking effectiveness varied with 

SOA as is common in metacontrast masking. The discrimination sensitivity followed a 

monotonically-decreasing Type A response function, often seen when mask energy is 

 

Figure 6. Stimuli (left) and procedure (right) of Experiment 2. 
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greater than stimulus energy (B. Breitmeyer & Ogmen, 2006). Details of this testing are 

given in Appendix A.  

To ensure an even mix of visibility outcomes for each participant, masking strength 

was manipulated using a 1-up-1-down staircase, through which SOA was decreased 

when both stimulus components were identified and increased when neither component 

was identified on the discrimination task (see below for explanation of stimulus 

identification procedure). Because staircase steps were half a presentation frame in 

duration (approx. 3.5 ms), not every change in staircase-set SOA was reflected in a 

change in monitor-presented SOA. 

4.2.1.3 Procedure 

The experiment involved chiefly a masked go/no-go task, as in Experiment 1, and 

described in detail in Chapter 3 (Figure 6). Participants responded with speed when they 

could not discriminate the same/different relation of a stimulus pair or they could identify 

it as the targeted relation (a Go stimulus), and withheld response when they could 

identify it as the complementary relation (a No-go stimulus). Based on these instructions, 

participants were expected to respond to all Go stimuli, regardless of visibility, and 

respond to all invisible stimuli, regardless of stimulus pair relation. Participants had 2.5 

seconds following the onset of the stimulus pair to respond; slower responses were treated 

as a withheld response and were not included in reaction time measures. Anticipatory 

responses faster than 150 ms led to error feedback and were excluded from further 

analysis. 

Unlike Experiment 1 and Lin & Murray (2014b), the association of pair relation 

(same or different) with response instruction (Go or No-go) was counterbalanced as a 

between-subjects variable, Go Pair Relation. For half of participants same pairs were Go 

stimuli (and withheld response to visible different pairs) while the other half targeted 
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different pairs as Go stimuli (and withheld response to visible same pairs). For a given 

participant, each relation was associated with a fixed instruction throughout the session. 

Each stimulus pair was randomly sampled from possible same and different pairs 

as appropriate; each relation type was presented on half of trials. As there were fewer 

“same” exemplar pairs (5) than “different” pairs (20), each “same” exemplar appeared 

more frequently. Although this asymmetry in exemplar frequency occurred for all 

participants, the association with stimulus instruction was balanced between groups.  

After performing the masked go/no-go task, participants performed a dual match-

to-sample discrimination task. A screen appeared presenting two arrays of the five 

possible orientations for stimulus components. Participants used the mouse to select the 

component orientations that they thought occurred on the trial, even if they had to guess. 

Critically, this discrimination task appeared regardless of response or lack of response 

on the MGNG task. Experimenters verbally encouraged the participant to treat the two 

tasks as independent, in that they should perform as well as possible on both without 

worrying about discrepancies in task performance. In Experiment 2, no subjective 

reports of visibility were collected. 

Following each trial, responses to the discrimination task were used to adjust the 

SOA between stimuli and mask. The SOA interval was increased by 3.5 ms if a 

participant identified both stimulus components correctly; it was decreased by 3.5 ms if 

neither was correctly identified. No change was made to the SOA if only one component 

was correctly identified.  

Catch trials were included to track task following in participants. On these, SOA 

was increased by an additional 150 ms over the staircase-controlled value, rendering 

masking ineffective. As with standard trials, catch trials were comprised of an equal 

number of Go (27 trials) and No-go stimuli (27 trials). As stimuli on these trials were 



 

62

 

assumed to be clearly visible, we expected participants to always respond to Go stimuli 

and withhold response to No-go stimuli. Unlike standard masked trials, feedback was 

provided during catch trials for errors of commission to No-go stimuli and errors of 

omission to Go stimuli. The discrimination task was skipped on catch trials in which an 

error occurred. 

Participants first completed a 15-minute training block in which the tasks were 

practiced separately and then in conjunction. Participants were invited to repeat the 

practice until they felt comfortable with the tasks. The main experiment consisted of 378 

standard masked trials and 54 catch trials and took around 45 minutes.  

4.2.2 Analysis 

As in Experiment 1, three behavioural measures were collected: response rate, 

reaction time, and discrimination accuracy for each of two stimulus components. 

Subjective visibility ratings of stimuli were not collected or investigated. Valid reaction 

times were between 150 ms and 2500 ms in duration. To reduce the effect of outliers on 

reaction time measures, fast and slow reaction times over two standard deviations from 

the mean were trimmed for each participant in each condition. From these, mean 

reaction times were calculated. To present and inspect the distribution of reaction times, 

we calculated mean decile reaction times across participants for each condition (Ratcliff, 

1979). All exemplar pairs for each stimulus relation were collapsed for analysis, as in 

Experiment 1.  

Discrimination accuracy was calculated on a per-selection basis; that is, two 

discriminations were performed on each trial, and were treated independently. Accuracy 

was collapsed for left and right components. 

Statistical analyses were performed in MathWorks MATLAB R2012b/R2017a and 

IBM SPSS Statistics 24.  
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4.2.2.1 Compliance 

We first investigated response rates to ensure that participants were correctly 

performing the task. Unlike in Experiment 1, catch trials with ineffective masking were 

included, during which participants were expected to respond appropriately to Go and 

No-go stimuli and received error feedback otherwise. In ideal performance on catch trials, 

the response rate conditional on presentation of a Go stimulus (RRgo) should be near 

100%; conversely, responding to No-go stimuli (RRno-go) when visible should remain low. 

Across 61 participants, the RRgo to catch trials was high, at 97.3% (SEM: 0.8%). 

Thus, regardless of visibility, participants generally responded to Go-associated stimuli, 

as instructed. In contrast, responding to visible No-go stimuli on catch trials varied 

considerably (range: 0% - 85.2%). While most participants demonstrated inhibition on 

these trials, performance was unimodal with no clear division between good and poor 

responding (Figure 7). If participants were unable to inhibit responding on seen No-go 

trials, they were unlikely to be engaged or performing the masked go/no-go task correctly. 

 

Figure 7. Response rates to Catch Go and No-go stimuli for each participant in 

Experiment 2. Circles: response rate on Catch Go trials; rectangles: response rate on 

Catch No-go trials. Participants are ordered based on response rate to Catch No-go 

stimuli; longer grey bars represent better task following. The grey area represents 

excluded participants (see text). 
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Based on visual inspection, we set a maximum cutoff for RRno-go on catch trials at 33.4%. 

The choice of this cutoff was arbitrary, but alternative cutoff values did not affect 

analysis outcomes, as described below. 

4.2.2.2 Discrimination 

We next investigated the effectiveness of metacontrast masking via performance on 

the dual match-to-sample discrimination task. One of the objectives of Experiment 2 was 

to obtain a more consistent masking effectiveness, with a mix of visible and invisible 

trials for all participants, while maintaining a fixed stimulus perceptual strength across 

the experiment. With this in mind, it is important to note that it was not our goal to reach 

a subliminal level of visibility for stimuli and demonstrate that participants were 

consistently unable to discriminate stimulus orientations better than chance. In fact, 

with a level of visibility above threshold, we hoped that ongoing fluctuations would lead 

to some stimuli being masked well and others poorly, and that these could be identified 

post hoc. 

Performance on catch trials showed good discrimination, demonstrating that 

stimuli were at most weakly masked, and more importantly that the discrimination task 

was not impossibly difficult to perform. Across all participants, mean accuracy collapsed 

across left and right stimulus components, was 94.2% (SEM: 0.6%), indicating that 

participants had no trouble identifying and reporting the orientation of stimulus 

components on catch trials. 

On standard trials, when masking at short SOAs reduced visibility of the stimuli, 

the mean accuracy for discrimination was 45.4% (SEM: 0.1%). Notably, this is well above 

expected chance performance (20%) if stimuli had been fully masked across standard 

trials. For further analysis, we conditioned trial data based on discrimination outcomes: 

Neither Correct (of two match-to-sample discriminations), One Correct, and Both Correct. 
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Per participant, the mean number of trials for Neither Correct, One Correct, and Both 

Correct was 130.9 (range: 93-170), 150.7 (range: 80-200), and 96.4 (range: 73-129), 

respectively. While we do not draw conclusions about stimulus visibility from this data 

in isolation, the results appear to show that the use of a staircase-controlled SOA was 

successful in generating a significant number of both visible and invisible trials. The 

staircase resulted in an average SOA of 29 ms (range of means: 12-61 ms).  

4.2.2.3 Response rates and reaction times 

As established a priori, responding and reaction times were divided into conditions 

 

Table 4. Response rates (as percentage of trials) contingent on Discrimination Outcome, 

Go Pair Relation, and Stimulus Instruction in Experiment 2. Rates are grand means of 

included (top) and excluded (bottom) participants. Numbers in brackets represent 

standard error of the mean. 

 

 

Neither

Correct

One

Correct

Both

Correct

Go (Same)
85.1

(2.6)

59.4

(5.2)

96.9

(0.9)

No-go (Diff.)
82.5

(3.0)

74.1

(2.7)

35.3

(4.1)

Go (Diff.)
91.3

(1.3)

88.8

(1.5)

97.8

(0.9)

No-go (Same)
88.0

(1.9)

98.0

(0.5)

28.1

(4.3)

Neither

Correct

One

Correct

Both

Correct

Go (Same)
87.5

(4.9)

66.7

(9.5)

98.3

(0.9)

No-go (Diff.)
86.9

(4.9)

86.1

(3.5)

44.7

(9.4)

Go (Diff.)
91.6

(2.5)

88.8

(2.8)

99.4

(0.4)

No-go (Same)
86.3

(3.1)

97.4

(1.0)

25.0

(5.2)

Discrimination Outcome

Group A

n  = 22

Group B

n  = 22

Discrimination Outcome

Group A

Excluded

n  = 9

Group B

Excluded

n  = 8
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contingent on outcomes in the discrimination task. These measures are presented in 

Table 4. Response rates were submitted to an omnibus repeated measures ANOVA with 

within-subject factors Stimulus Instruction (Go or No-go) and Discrimination Outcome 

(Neither, One, or Both Correct) and between-subject factor Go Pair Relation (Go on Same 

or Go on Different).  

Planned comparisons were performed specific to the hypothesis of unconscious 

integration. As in Experiment 1, we compared behaviour to Go and No-go stimuli, but 

now conditional on Neither Correct on a discrimination task, rather than subjective 

report. Neither Correct trials were treated as unseen based on the misidentification 

criterion: we infer that observers were unaware of the pair relation if they misidentified 

both stimuli on that trial. In planned comparisons, measures response rate and mean 

reaction time for Neither Correct trials were each submitted to a two-way repeated 

measures ANOVA with within-subject factor Stimulus Instruction (Go or No-go) and 

between-subject factor of Go Pair Relation (Go on Same or Go on Different). On average, 

Neither Correct trials included 54 reaction times to No-go stimuli (range: 28-98) and 61 

reaction times to Go stimuli (range: 32-85) per participant. 

Similarly to Experiment 1, the limited number of reaction times in visible trials 

(One/Both Correct) precluded an omnibus analysis of reaction time measures. We 

hypothesized that No-go inhibition would occur in this task, and be indicated by lower 

response rates and slower reaction times to No-go stimuli both across visibility levels and 

specifically in the Neither Correct condition. Importantly, this effect should not be 

dependent on the particular relation type associated with inhibition (i.e., Go Pair 

Relation). 
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4.2.3 Results 

4.2.3.1 Participant exclusion 

Based on visual inspection of response patterns to visible catch trials (Figure 7), we 

set a maximum RRno-go for catch trials (i.e., commission error rate) of 33.4%. This 

excluded from further analysis 17 participants with high RRno-go, as these participants 

were unlikely to be engaged with the task. A similar number of participants were 

excluded from each group targeting a particular pair relation (9 participants targeting 

same pairs; 8 targeting different pairs). The effects of interest were insensitive to the 

placement of this cutoff, as noted below. For remaining participants, the mean response 

rate on catch trials was 97.6% to Go pairs (SEM: 1.0%) and 16.3% for No-go pairs (SEM: 

1.4%).  
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4.2.3.2 Unconscious effects 

Results of the three-way omnibus ANOVA on response rates (Table 5) revealed 

several effects. As expected in the masked go/no-go task, main effects of Stimulus 

Instruction (F(1,42) = 360.7, p < 0.001) and Discrimination Outcome (F(2,84) = 115.7, 

p < 0.001) were noted, showing that participants responded more often to their assigned 

Go relation and to less discriminable stimuli. An interaction between Stimulus 

Instruction and Discrimination Outcome confirmed that response inhibition was 

contingent on a No-go stimulus being visible (F(2,84) = 288.8, p < 0.001).  

 

Table 5. Analysis of Variance for Response Rates in Experiment 2. SS = Sum of squares. 

*p < .05. **p < .01. ***p < .001. 

 

 

 

 

Source SS df F p

Within-Subjects

Stimulus Instruction 2.36 1 360.66 < 0.001*** 0.90

Stimulus Instruction ×

Go Pair Relation
0.04 1 5.69 0.022* 0.12

(Error) 0.27 42

Discrimination Outcome 2.28 2 115.70 < 0.001*** 0.73

Discrimination Outcome ×

Go Pair Relation
1.03 2 51.94 < 0.001*** 0.55

(Error) 0.83 84

Stimulus Instruction ×

Discrimination Outcome
7.46 2 288.80 < 0.001*** 0.87

Stimulus Instruction ×

Discrimination Outcome ×

Go Pair Relation

0.02 2 0.58 0.561 0.01

(Error) 1.09 84

Between-Subjects

Go Pair Relation 0.63 1 12.09 0.001** 0.22

(Error) 2.18 42

𝜂𝑃
2  
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There were several differences in responding between participant groups, which 

counterbalanced which pair relation was treated as Go stimuli. Participants targeting 

Different pairs as Go stimuli responded more in general to all stimuli (main effect of Go 

Pair Relation: F(1,42) = 12.1, p = 0.001), and still more to their Go stimuli (interaction of 

Stimulus Instruction and Go Pair Relation: F(1,42) = 5.69, p = 0.022). An additional 

interaction of Discrimination Outcome and Go Pair Relation (F(2,84) = 51.9, p < 0.001) 

suggested that the participant groups differed in how they responded in different 

stimulus visibility scenarios. No three-way interaction was observed (p > .1). Although 

quite complex, these interactions generally appeared to be driven by variation in 

responding to One Correct trials. These group differences were unexpected, and as they 

were outside the scope of our hypotheses of unconscious effects, they were not further 

explored. 
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In accordance with the misidentification criterion established a priori, the 

remainder of our analysis was limited to planned comparisons within Neither Correct 

trials, as these best support the inference of the absence of awareness. A two-way 

ANOVA on rates of responding with factors Stimulus Instruction and Go Pair Relation 

showed a main effect of Stimulus Instruction: reduced responding to No-go stimuli 

(F(1,42) = 10.4, p = 0.002) (Table 6, Figure 8). A trend suggested a between-subjects main 

 

Table 6. Analysis of Variance for Response Rates for Neither Correct trials in Experiment 

2. SS = Sum of squares. **p < .01. 

 

Table 7. Analysis of Variance for Reaction Times for Neither Correct trials in Experiment 

2. SS = Sum of squares. *p < .05. 

 

 

 

 

Source SS df F p

Within-Subjects

Stimulus Instruction 0.02 1 10.39 0.002** 0.20

Stimulus Instruction ×

Go Pair Relation
0.00 1 0.16 0.689 0.00

(Error) 0.08 42

Between-Subjects

Go Pair Relation 0.07 1 3.47 0.070 0.08

(Error) 0.90 42

Source SS df F p

Within-Subjects

Stimulus Instruction 0.01 1 5.07 0.030* 0.11

Stimulus Instruction ×

Go Pair Relation
0.00 1 0.00 0.964 0.00

(Error) 0.09 42

Between-Subjects

Go Pair Relation 0.01 1 0.08 0.775 0.00

(Error) 5.08 42

𝜂𝑃
2  

𝜂𝑃
2  
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effect, such that the participant group targeting Same pairs as Go stimuli responded less 

frequently in general (F(1,42) = 3.47, p = 0.07). But critically, no interaction was found, 

and so response differences to Stimulus Instruction was independent of the actual 

stimulus relation (F(1,42) = .16, p > .1).  

As for reaction times on Neither Correct trials, a main effect of Stimulus Instruction 

showed that responses to No-go stimuli were slower by 23 ms (F(1,42) = 5.07, p = 0.030, 

95% CI [3 ms, 43 ms]) (Table 7, Figure 8). There was no between-subjects effect of Go 

Pair Relation on mean reaction times (F < 1, p > .1). No between-subjects interaction of 

Stimulus Instruction and Go Pair Relation was noted (F < 1, p > .1), indicating that 

reaction times to Same and Different pairs did not differ.  

4.2.3.3 Effect of participant exclusion regime 

As our criterion for participant exclusion was set at a particular value, we repeated 

certain analyses at varying cutoffs for maximum allowed RRno-go on catch trials. Ideally, 

the effects noted in previous analysis should not be sensitive to the choice of cutoff value. 

 

Figure 8. Measures in Experiment 2 for Go and No-go stimuli, contingent on neither 

component being correctly identified. Shown are response rates (left), reaction times 

(middle), and Vincentized reaction time distributions (right). Error bars represent 

standard error of the mean. *p < .05. **p < .01. 

** * 
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It is important to note that as this cutoff is made less strict, sample size increases but 

outliers introduced, including poorer task followers, added noise. In contrast, when 

tightened, power decreases with decreased samples, but presumably signals in the data 

should become more pronounced. 

Specifically, we repeated planned comparisons within Neither Correct trials for 

reaction time and response rates. The significant main effects of Stimulus Instruction on 

responding and reaction times remained for cutoff values between 23% and 51% (n = 32-

52, all ps < .05). Trends remained for these effects for any maximum cutoff value above 

7% (n = 12-61, all ps < .1). When including all participants regardless of catch 

performance, the main effect of Stimulus Instruction remained for responding 

(F(1,59) = 14.0, p < 0.001) and showed a trend for reaction time (F(1,59) = 3.20, 

p = 0.079). The main effect of Go Pair Relation and its interaction effects were absent (all 

ps > .1). 

4.3 Discussion 

In Experiment 2, we observed integration of the pair relation on trials where 

participants incorrectly reported the identities of both components comprising the 

masked pair. Within Neither Correct trials, responding was reduced and slowed for No-

go stimuli, despite participants’ failure to identify the stimuli comprising these stimuli. 

The response differences were based on the associated instruction of the pair relation - 

Go or No-go - regardless of whether participants targeted same or different pairs. This 

demonstrates that the inhibitory effect was due to inhibition scaffolded by the masked 

go/no-go task and was likely independent of any essential properties of the stimuli 

themselves. 

The size of the effect found in Experiment 2 appears to be smaller than effects in 

Experiment 1 and previous research. Yet, the effect is demonstrated with a new set of 
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stimuli that provided stronger evidence that stimuli have been truly integrated in a 

postperceptual process. As well, the difference in conditions was independent of which 

type of relation was associated with the motor response. While the effect may be smaller, 

this is unsurprising due to the more rigorous methods employed. 

Meanwhile, we infer that the trials analyzed were not consciously perceived as we 

excluded any trial where the participant correctly identified either stimulus component, 

even incidentally. Experiment 2 was designed such that an on-line objective 

discrimination task would allow an inference of unawareness at the trial level, without 

relying on participants’ subjective reports. Insofar as it uses concrete objective 

discrimination outcomes rather than nebulous subjective visibility categories, the 

misidentification criterion provides a more stringent classification scheme for what is 

classified as unconscious. This direct measure could be considered exhaustive to 

conscious knowledge of the stimuli, but only to the extent that participants can be 

expected to accurately discriminate stimuli they have consciously seen. 

4.3.1 Alternatives to genuine integration can be ruled out 

4.3.1.1 Generalization to more exemplars 

Experiment 1 followed previous authors in using two stimulus exemplars to form 

sets which participants had to integrate. The use of a very limited set of stimuli weakens 

claims that meaningful unconscious integration of discrete stimuli has occurred, as 

alternative perceptual mechanisms could also explain the differences in responding with 

or without awareness. By employing a more complex stimulus set, we have shown that 

this unconscious integration is not constrained to paradigms that use limited exemplars, 

and that several alternative causes for the unconscious slowing may be ruled out in favor 

of the involvement of a postperceptual integration step. 

Here, we implemented a novel metacontrast stimulus that could take one of five 
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orientations. Selecting from this set in pairs produced 25 unique pairs; thus, the 

complexity of the integration task was increased at both the component and pair levels 

of processing. With the expansion in number of stimulus components and stimulus pairs, 

direct mapping between stimulus exemplars to go/no-go motor responses is much less 

likely if not precluded. As direct S-R mapping becomes increasingly dense, a genuinely 

integrative operation involving comparison of stimulus components becomes a more 

efficient processing solution to performing the task. The inhibition noted in Experiment 

2 is therefore more likely to be due to meaningful integration, rather than alternative 

explanations appealing to simpler stimulus-response mapping.  

An indirect effect of the expansion of stimulus set is that conscious exposure to 

particular stimulus pairs and components is reduced. Evolving automaticity (Damian, 

2001) is therefore unlikely to underlie the effects, unless that automaticity could be 

unconsciously generalized to unseen stimulus instances. In Experiment 2, participants 

were familiarized with components in practice and unmasked trials, so it is possible that 

they inferred other potential stimulus pairs to form action triggers, or generalized 

stimulus-response templates (Kunde et al., 2003). While the results above does not rule 

this out, previous research showed that novel stimuli could indeed be integrated, even 

when participants were unaware of the category of those integrands (Van Opstal et al., 

2010). Although we cannot rule out that familiarity with particular stimuli may have 

played some enabling role in driving responses, an investigation of this possibility is 

beyond the scope of the present work. 

A further incidental feature of the use of squares and diamonds on the relational 

judgment task is the possibility of a symmetry confound. For example, in Experiment 1, 

it is possible that participants could notice that brief transients resulting from 

metacontrast masking were symmetric or asymmetric, which would be associated with a 
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go/no-go response and would reduce the complexity of the stimulus-response mapping. 

Again, this would occur without observers necessarily being “aware” of the components, 

and would thus not be captured by subjective or objective direct measures. In contrast, 

the 5-orientation set employed in Experiment 2 allows no such confound. While some 

pairs are approximately mirror-symmetric (one same pair and five different pairs) these 

were present in both same and different stimulus sets (Figure 6; cf. Figure 2), and were 

not precisely symmetric due to a rotational offset which prevented orthogonal edges in 

stimulus components. The lack of a between-subjects effect further shows that no 

prepotent perceptual symmetry effect could account for the unconscious inhibition. 

4.3.1.2 Lack of pair relation-associated instruction effect 

A between-subjects factor in Experiment 2 counterbalanced the pair relation type 

targeted by participants, and participant groups targeting Same pairs and targeting 

Different pairs both showed response inhibition. The effects on responding are therefore 

not driven by any incidental perceptual feature of same or different stimulus pairs. As 

discussed in Chapter 3, to show that observed effects have been driven by task demands 

(e.g., inhibit on different pairs), it is not sufficient to show that different pairs are 

responded to slower than same; it should be shown that the effects are independent of 

unrelated stimulus properties.  

Several of these possibilities are eliminated by the stimulus set, or shown to be 

unlikely due to the absence of a between-subjects effect. As mentioned, these unrelated 

stimulus properties could include perceptual symmetry in one stimulus type but not the 

other, but this was balanced across stimulus types in Experiment 2. Another unavoidable 

feature of the experimental design is that exemplar frequency was unbalanced. That is, 

for all participants, same pairs occurred approximately four times as often as different 

pairs, and therefore it can be assumed that participants were more familiarized with 



 

76

 

them. In a similar vein, participants could have implemented an asymmetric evidence 

accumulation rule to perform the task (e.g., respond when enough “similarity” detected). 

Another way of interpreting this is that one pair relation type may be processed more 

fluently.  

Each of these alternative explanations is undermined by the finding that the 

unconscious inhibition did not depend on which relation type was treated as a No-go. By 

necessity, this was investigated in a between-subjects design; in future, a within-subject 

balancing of a pair relation association with instruction could provide further support. 

4.3.1.3 Partial awareness inadequate to explain results 

When the number of possible stimuli is limited, as in Experiment 1, participants 

can potentially attend to small screen areas that discriminate between conditions and 

bypass masking manipulations. Attention to low-level perceptual features such as 

luminance changes on particular pixels or asymmetric luminance transients could then 

be responsible for observed differences between conditions. In alternative designs, there 

is also the danger that awareness of a single component could be enough to affect 

responding (Kouider & Dupoux, 2004). 

Here, we note that there was no direct correspondence between particular stimulus 

 

Figure 9. Partial awareness is insufficient for integration. Suppose that in each image, 

two oriented arrowheads (as in Figure 6, left) are presented but inconsistently masked, 

producing varying visual impressions of stimuli. Does each pair have the same or different 

orientations? Only full visibility (top left) provides enough information to integrate the 

relation of the oriented shapes. Full visibility of one stimulus components does not allow 

a comparison; similarly, piecemeal visibility of edges or horns reduce uncertainly about 

the stimulus, but cannot differentiate between a same or differently-oriented pair. 
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components and behavioral responses. Piecemeal or partial visibility of a stimulus 

component (such as visibility of a leftward-pointing “horn”) would not indicate the 

component orientation, much less knowledge of the pair relation; it could not therefore 

drive responding. Likewise, even full awareness of a single component, or awareness of 

the parts of both components, could not drive the results as there were no response 

associations between single components or their perceptual features (Kouider & Dupoux, 

2004). This is an important feature of the integration task: it requires knowledge 

(conscious or unconscious) of both stimulus inputs, and in the case of Experiment 2, both 

orientations (Figure 9).  

Importantly in Experiment 2, our conservative trial selection procedure excludes 

both partial visibility and incidental correct guessing, and so it would be difficult to claim 

that participants had any subjective knowledge of the stimuli. Furthermore, we have 

chosen to not to distinguish between discrimination of stimulus components and 

discrimination of the pair relation per se, while it is the latter which should have driven 

unconscious processing independently of the component identities. Yet, as a relation is a 

function of its parts, it seems safe to infer that participants could not have awareness of 

the behaviorally relevant same/different relation without first having awareness of at 

least one of its component parts. This mirrors the assertion that awareness measures of 

lower-level features of a stimulus are exhaustively sensitive for detecting conscious 

knowledge of higher-level stimulus properties (Snodgrass et al., 2004).  

4.3.2 Trial selection via MIDC: conservative and controversial 

4.3.2.1 MIDC is conservative 

Common methods of demonstrating the absence of awareness, objective and 

subjective alike, suffer from several weaknesses that allow the possibility that stimuli 

were not unconscious or that putative unconscious effects are driven by intermittent or 
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partial awareness. In an attempt to address this issue at the trial level, the 

misidentification criterion relies on a common-sense notion: that awareness of a visual 

percept or feature goes hand-in-hand with the ability to confidently report that percept 

or feature. In a forced-choice task that occurred after every trial, we expected 

participants to correctly identify a stimulus, if conscious. We felt confident in then 

classifying as unconscious only those trials in which neither of two stimulus components 

were correctly identified. We therefore consider the approach to trial selection to be more 

conservative than commonly used techniques to screen for awareness. 

This technique provides several of the advantages seen in subjective and objective 

approaches. First, it retains trial-level information about stimulus visibility. We 

observed that awareness of stimuli in our designs was stochastic in nature: underlying 

fluctuations (perhaps neural activity) drove visibility in a probabilistic manner, with 

stimuli masked effectively and ineffectively on different trials despite unchanging 

stimulus energy and parameters. As our visibility classification occurs at the trial-level 

with appeal directly to a functional behavioural outcome, there is no need to depend on 

statistical inference of subjective states (such as in NHST) through null sensitivity or 

measure dissociations (Peremen & Lamy, 2014; Reingold & Merikle, 1988). Second, 

unlike analyses based on on-line but subjective “not-seen judgments” (Schmidt, 2015), 

classification of unawareness is based upon an objective forced-choice measure, wherein 

observers endorse an incorrect stimulus as having been presented. Here, we do assume 

that it is trivial to report correctly a conscious stimulus, as discussed below. If this 

assumption holds, it is fair to conclude that the inability to identify a stimulus – objective 

failure on a functional task – means that an observer could not have been conscious of it. 

Without any bias amongst choices on this match-to-sample task, this direct measure 

avoids the criterion issue posed by subjective reports (Holender, 1986; Van den Bussche 



 

79

 

et al., 2013).  

Studies in unconscious processing must cope with the “exhaustiveness problem” – 

the possibility that direct measures of stimulus awareness, whether objective or 

subjective, fail to completely identify conscious knowledge of stimuli (Reingold & Merikle, 

1988; 1990). In these terms, the danger of false positive results due to intermittently 

visible stimuli is a problem of insufficiently exhaustive direct measures. How does the 

use of the misidentification criterion approach the exhaustive and exclusive detection of 

consciousness? 

In a forced-choice discrimination task like that implemented in Experiment 2, a 

proportion of trials can be expected to be correct via guessing and without any 

information or awareness of the stimuli, based on the number of options. Therefore, a 

forced-choice task prohibits researchers from identifying or isolating conscious trials, or 

even a threshold between conscious and unconscious. In other words, forced-choice tasks 

cannot exclusively index conscious knowledge (without also collecting unconscious 

knowledge and luck). But, if the misidentification criterion is adopted, a subset of 

unconscious trials may identified at the cost of filtering out unconscious perception 

leading to “subliminally guided” correct guessing. This trade-off also means that our 

conclusions are limited to cases where conscious discrimination fails. Therefore, our 

approach amounts to sacrificing the ability to isolate conscious knowledge exclusively 

(without capturing unconscious knowledge) for the sake of greater exhaustiveness 

(sensitivity to residual consciousness). It is in this sense that we describe our approach 

as conservative in assessing the absence of awareness. 

4.3.2.2 Concerns with MIDC approach 

Here we address two criticisms of our treatment of incorrectly-identified stimuli as 

unconscious. The first arises from a concern that the trial selection in MIDC is a form of 
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post-hoc data selection, briefly discussed by Shanks (2017). In this scenario, data from 

one extreme of a distribution (such as the distribution of awareness measure outcomes) 

are analysed in isolation, leading to regression to the mean. It is not obvious that this 

concern applies to Experiment 2, for several reasons. One, where regression to the mean 

is a danger for trial selection regimes, this is due to “double-dipping” by determining 

categories for analysis based on observed data, post hoc. Our trial selection procedure 

was justified a priori and is based on functional discrimination outcomes, not awareness 

measure distributions or statistical cut-offs. Two, these discrimination outcomes are 

dichotomous at the trial level, rather than continuous; our analysis is therefore not a 

form of extreme groups analysis (Preacher, Rucker, MacCallum, & Nicewander, 2005, 

pg. 178). Three, we do not make any assumptions about what occurs in the conscious 

condition, or how our indirect measures will behave under awareness, or how these would 

compare or relate to the cases we do analyse. Our conclusions are explicitly limited to 

our restricted sample: cases where identification fails. For similar reasons, the analysis 

of Experiment 2 is does not suffer from issues with “not-seen judgments” as discussed by 

Schmidt (2015). While the use of NSJs is a serious issue in Experiment 1, those 

shortcomings motivated the use of a priori objective criteria in Experiment 2.  

An additional misunderstanding of MIDC suggests that we are inferring a spectrum 

of awareness states directly from objective outcomes. This misses the key factor that the 

misidentification criterion we have posited does not entail its inverse: a correctly 

identified feature does not necessarily imply conscious awareness. For this reason, we 

have refrained from analyzing Both Correct and One Correct outcomes as if these reflect 

conscious and partially conscious vision. Other researchers have classified correct and 

incorrect objective performance as aware and unaware (e.g. Lamy et al., 2009), but with 

an aim to directly contrast awareness and unawareness; this may be appropriate for 
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isolating neural correlates and behaviour that characterize these states, whereas here 

we are concerned with comparing conditions within one visibility outcome. 

Some readers may take issue with our inference of unawareness from 

misidentification. It is possible, for example, that performance on the integration task 

outstrips that of the discrimination task, so that failure to identify the stimuli may not 

reflect failure of awareness in the integration context. Nevertheless, our results indicate 

that No-go-associated inhibition occurs over pairs that participants can integrate, yet 

cannot accurately discriminate from other stimuli immediately afterwards. In this sense, 

the results shown in Experiment 2 demonstrate a dissociation of integration and 

discrimination tasks operating on common inputs, suggesting that these take place on 

divergent processing pathways. An alternative interpretation is that the brain appears 

to have access to stimulus information for performing the integration task, but not for 

identification, perhaps due to the rapid dispersal of the neural representation under 

masking. 

4.3.2.3 Does incorrect identification always result from lack of awareness? 

A more specific worry is that the post-trial discrimination task may not be 

completely sensitive to detect conscious knowledge, for various reasons. That is, we may 

be too optimistic in our claim that the use of the misidentification criterion is especially 

exhaustive. Our approach is predicated on the assumption that incorrect discrimination 

on our direct measure always reflects a lack of awareness of the stimuli, and that a 

consciously-seen stimulus will always be correctly discriminated. Under what conditions 

could awareness be accompanied by incorrect identification, undermining this 

assumption? There are several scenarios in which observers could be aware of stimulus 

components, yet fail to discriminate them.  

It is possible that participants consciously perceived the masked stimuli, but rapidly 
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forgot their features of interest (Lamme, 2003; Wolfe, 1999). Perhaps this conscious 

perception is just enough to affect the indirect measure on the speeded task, but not 

enough to be encoded into short-term working memory shortly afterwards. In theory this 

concern affects a large segment of studies in unconscious perception and virtually all 

direct measures of awareness in use, whenever perception and report are temporally 

separated (Lamme, 2003). In Experiment 2, the discrimination task immediately 

followed the primary go/no-go task; participants were aware of task demands and 

attended to component identities, which were relevant for all behavioural responses. 

Thus, short of collecting direct and indirect measures simultaneously, the design of 

Experiment 2 represented a best effort at eliminating the danger of rapid forgetting. This 

concern is therefore unlikely to have played a significant role, particularly in comparison 

to studies in which direct measures are collected in separate blocks from indirect 

measures. 

Canny participants could intentionally underreport on a post-trial direct measure, 

particularly if they wished to “cover up” an error made on the indirect task. For example, 

if one failed to inhibit to a clearly seen No-go stimulus (mistakenly or as a sort of 

malingering), he or she might misidentify it as a Go stimulus to appear compliant (or in 

the case of Experiment 1, report it as unseen). We consider this a version of the criterion 

issue with NSJs in Experiment 1, where criteria for subjective report are unclear. In 

Experiment 2, the functional relationship of the masked go/no-go and discrimination 

tasks was less clear to participants, and they were encouraged to treat them as 

independent. Furthermore, a regular failure to comply with the MGNG task would lead 

to participant exclusion.  

By comparing response rates to Go vs No-go stimuli on trials which we treated as 

unseen, we can get a sense of this concern. We expect that if participants were actively 
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“covering up” errors of commission, this would be reflected in a greater responding to No-

go stimuli relative to Go stimuli when later reported as unseen or misidentified. In both 

Experiment 1 and Experiment 2, participants responded significantly more often to Go 

stimuli than No-go stimuli when stimuli were unconscious. We have interpreted this as 

evidence that participants were more likely to (inappropriately) inhibit response to an 

unseen no-go stimulus, but it can also be seen as evidence against intentional 

misreporting. 

In general, any interference or mere difficulty on the direct measure could depress 

estimates of stimulus awareness, if participants are unable to effectively report what was 

seen. If a direct measure is made arbitrarily hard, it loses power to reflect conscious 

knowledge exhaustively. Furthermore, when exceedingly difficult, such as when 

discriminating strongly masked primes (Pratte & Rouder, 2009), participants may 

simply give up out of frustration. Our best evidence against these general concerns is 

how participants perform on the discrimination task following catch trials, where 

stimulus components should be easily identifiable, and the discrimination task should be 

trivial to perform. Although a dual match-to-sample task with five options sounds 

difficult, participants had little trouble indicating components under these conditions 

(94.9% accuracy, collapsed across components (SEM: 0.7%)). Thus, we see it as unlikely 

that participants were “under-discriminating” and underreporting visibility in turn. 

Generally, merely collecting trial-based assessments may also alter stimulus 

processing related to indirect measures. For example, attention to primes may 

qualitatively change how they elicit behavior, even without awareness (Ivanoff & Klein, 

2003). In the MGNG paradigm of Experiments 1 and 2, both direct and indirect measures 

were based on processing of identical stimuli, whereas in contrast indirect measures and 

direct measures commonly index sensitivity to separate target and prime stimuli, 
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respectively. Although stimulus processing could be affected by a concurrent task setting 

to identify the stimuli, it is unclear how this would weaken our conclusions based on 

cases of conscious misidentification.  

While we view each of these cases as unlikely, we cannot claim that our direct 

measure is perfectly sensitive or exhaustive to detecting awareness of the stimuli, despite 

being objective and trial-based. Nevertheless, we view ours as a viable and particularly 

exhaustive approach to two alternatives in the literature: that chance performance 

reflects unawareness in general, and that subjective reports indicate unawareness in 

particular. The latter approaches must also reckon with the above issues, and can be said 

to be more susceptible to them. Without a direct measure that is perfectly sensitive to 

relevant knowledge and insensitive to malingering, performance lapses, and task failure, 

it is necessary to interpret any attempt to demonstrate unawareness in terms of its 

underlying assumptions. 

4.3.2.4 Use of MIDC in context 

We have presented the misidentification criterion as an alternative approach for 

classifying cases of unawareness, which comes with its own strengths and weaknesses. 

Importantly, the design of Experiment 2 and our approach to analysis went hand-in-

hand; MIDC is not a “one size fits all” technique appropriate for any paradigm. As used 

in the current context, we recommend it in combination with established methods to 

provide converging evidence of unconscious processes, particularly where there is a 

concern of residual awareness. 

The primary aim of the misidentification criterion as used here is to strengthen the 

fundamental claim of unawareness in isolated trials. This is achieved by emphasizing 

the exhaustiveness of the direct measure to conscious knowledge, in a trade-off for 

decreased specificity to unconscious knowledge. In turn, indirect measures on selected 
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trials can be assumed to be free of conscious knowledge. When implemented, careful 

consideration should be given to balancing this trade-off, which will be affected by the 

difficulty of the direct measure as well as the nature and perceptual strength of stimuli.  

As we analysed only cases where conscious discrimination failed, our conclusions 

are likewise restricted. This excludes potentially informative trials where identification 

was only incidentally correct, and may weaken signals of unconscious processing in turn. 

Particularly in exploratory work, limiting analysis to “failures of report” may be overly 

conservative and even wasteful, if it unnecessarily lowers the power to detect 

unconscious effects. Indeed, Reingold and Merikle warn that “an extremely conservative 

procedure might preclude perception without awareness from ever being demonstrated” 

(1988, p. 565).  

While not a magic-bullet for eliminating the danger of “visibility leak”, we see our 

use of our direct measure, a dual match-to-sample discrimination, as ideally suited for 

applying the logic of MIDC. This task involved multiple exemplars, which were 

nevertheless trivial to report when consciously seen. This was essential to managing 

exhaustiveness and exclusivity to conscious knowledge. By increasing the number of 

forced-choice options to five, we constrained the correct guess rate to 20%, while also 

strengthening theoretical conclusions. Use of the common 2-alternative stimulus, with 

its high guess rate, would have rendered analysis via the misidentification criterion 

impractical. With consideration to Newell and Shanks’ criteria for the ideal assessment 

of awareness (2014), this direct task is reliable (is unaffected by task demand and outside 

influence), relevant (targets only information relevant to judging the pair relation), 

immediate (occurs immediately after the go/no-go task), and sensitive (is made under 

optimal retrieval conditions; the perceptual targets of the direct and indirect task are one 

and the same). 
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4.3.3 Limitations of Experiment 2 

4.3.3.1 No analysis of other Discrimination Outcomes 

In our analysis we have focused a priori on Neither Correct cases, where 

participants misidentified both stimulus components. Experiment 2 is limited in having 

not analysed other perceptual outcomes, which could be informative. Often, the 

behavioural effects of visible and invisible stimuli are contrasted. Here, we are not 

contrasting across visibility outcomes, but within one outcome which we associated with 

the absence of awareness.  

In the case of Both Correct, it may be safe to assume that participants were aware 

of stimuli. Analysis of Both Correct as “Seen” would ignore the capture of some 

unconscious trials on which participants guessed the stimuli correctly. In the terms of 

Reingold & Merikle (1988), our direct measure is (by design) not exclusive to conscious 

knowledge. Furthermore, on conscious trials, there is no mystery about what measures 

would show: there is reduced or no responding to No-go stimuli, and there are few or no 

reaction times to No-go trials to compare. This is clear from an inspection of response 

rates in Table 4. Thus analysis of this condition would be limited and provide little 

evidentiary value. 

Several scenarios during a trial could lead to a One Correct discrimination outcome. 

Participants could have had no conscious percept of stimuli but guess one correctly; they 

could clearly see one component but not the other; or, they could indeed have partial 

awareness of both components leading to an informed guess. Based the measures 

collected, it is impossible to determine which of these scenarios occurred on any given 

trial. Each possibility has its own consequences for awareness of the stimulus relation 

and whether a participant would be inclined to endorse a response. 

As we cannot speak with confidence about subjective visibility leading to One 

Correct/Both Correct in this design, we have refrained from analysing these conditions, 
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and caution against interpreting these in terms of lack of awareness, partial awareness, 

or full awareness of the stimuli. This leaves unanswered the question of different 

response behaviours between groups on trials that led to One Correct discrimination. 

The gist of this pattern is that participants who were asked to inhibit to different pairs 

inhibited more to all stimuli when only one component was correctly identified, relative 

to participants trained to inhibit response to same pairs. We can speculate that the 

former group may have been more willing to withhold response when uncertain of the 

pair relation, or treated a difference in visibility of components as if it would a difference 

in orientation. Alternatively, differences in guessing strategies on the discrimination 

task could also lead to different classification of partially visible trials at the group level. 

4.3.3.2 Participant exclusion issues 

In the design of Experiment 2, we had hoped that the inclusion of catch trials and 

more consistent masking across participants would promote better task following. 

Unfortunately, compliance was as poor as in Experiment 1, yielding a high exclusion 

rate. Although this required the post-hoc selection of a performance cutoff, the method of 

exclusion is very similar to methods used in a previous study (Lin & Murray, 2014a, 

Experiment 1A). There, authors set a maximum error rate of 35%, based on an observed 

bimodal distribution, excluding 9 of 25 participants. Thus, individual differences in task 

following on the MGNG task and the need for participant exclusion is not unknown in 

the literature.  

With many degrees of freedom, it was unavoidable that an arbitrary criterion had 

to be set to address a large number of unusable participant data. We nevertheless feel 

strongly that we have good justifications for the exclusion regime we have used, in that 

(1) the choice of rule ensured that participants performed the masked go/no-go task 

correctly; (2) the majority of excluded participants had too few reaction times to analyse 
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(fewer than 20 RTs in a condition); (3) the significant effects of unconscious inhibition 

were largely insensitive to specific cutoff value. 

What is the root cause of poor compliance in Experiments 1 and 2? Our suspicion is 

that the difficulty of following two simultaneous and essentially orthogonal tasks simply 

led participants to withdraw effort and attention from one task. If participants had 

trouble identifying masked stimuli, frustration could lead them to respond carelessly 

without considering the visibility or relation of the stimuli; or, they may have sped 

through the discrimination task (cf. Pratte & Rouder, 2009). In future, more care should 

be taken in the design of the MGNG task to ensure participants follow the tasks 

throughout the session, such as providing sufficient “scaffolding” trials. This may also 

involve harsher penalties for errors made on catch trials, or detection of overly fast 

responses. 

4.4 Conclusion 

In Experiment 2, we used novel stimuli and conservative analysis to provide 

converging evidence that discrete percepts can be integrated without awareness. 

Participants integrated the relationship between a pair of stimuli – whether they were 

the same or different - even when they could not identify the components making up the 

pair on a trivial and immediately following discrimination task. Responses were slower 

to No-go pairs, whose relation type was associated with inhibition on separate, conscious 

trials, showing that participants could indeed judge the relation of unconsciously-

perceived components.  

Significantly, UIR seen here occurred even when the exemplars are numerous and 

varied. The use of a larger stimulus set avoided the overtraining of repeated stimuli and 

advanced the literature towards the integration of completely novel exemplars in future 

work. Simultaneously, we can confidently assert that the trials analysed were not 
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consciously perceived as each was accompanied by a failure of conscious report - a 

comprehensive and exhaustive test of stimulus awareness.  

While Experiment 2 provides new and novel evidence of unconscious integration, 

several issues related to use of the MGNG paradigm and the misidentification criterion 

leave some room for doubt about the generalizability of the findings. That is, are the 

results an anomaly of the design and analysis approach? Does the unconscious 

integration of the stimuli developed for Experiment 2 generalize to a standard priming 

paradigm, using traditional methods to demonstrate awareness? 
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5 PRIMING EFFECTS FROM UNCONSCIOUS 

INTEGRATION OF RELATION 

5.1 Introduction 

In Experiments 1 and 2, we found evidence of UIR in two stimulus sets, with few 

and many exemplars. At the same time, these findings occurred with the use of a masked 

go/no-go paradigm, in which inhibition associated with one stimulus relation reduced 

responding even when unconscious. It is worth questioning whether the results are 

unique to this approach or if evidence of this unconscious process can be shown in other 

contexts. In Experiments 3 and 4, we tested this effect using a different phenomenon, 

unconscious priming, and a traditional approach to demonstrating unawareness. 

5.1.1 Does evidence for unconscious integration generalize to other 

behavioural paradigms? 

5.1.1.1 Revisiting the Masked Go/No-go paradigm 

The masked go/no-go design described in Chapter 3 has been utilised in a few 

previous studies (Lin & Murray, 2014b; van Gaal et al., 2008, 2010) and appears to be an 

appropriate choice for studying the potential for unconscious integration. One advantage 

of the paradigm is that participants indirectly provide an indication of the visibility of 

stimuli, if they are able to inhibit response. Simultaneously, behavioural inhibition to 

particular features of a stimulus (that is, the No-go stimulus) is entrained and 

maintained by being part of the go/no-go task demand.  

Yet, the idiosyncrasies of the uncommon design raise some concerns regarding its 

appropriateness. First, as noted in previous research and in Experiments 1 and 2, 

participants may have trouble complying with the complex demands of the MGNG task 

and a simultaneous visibility task. We have argued that participant exclusion raises only 

minor concerns, but it would be ideal if a more straightforward approach could show a 
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similar effect. Second, because of the inherent bias toward one relation type brought on 

by a go/no-go task, it is difficult to separate effects that may be prepotent in the stimuli, 

such as slower responses to different pairs generally. If unconscious integration effects 

are indeed robust, they should be demonstrable in a more common and better understood 

paradigm.  

5.1.1.2 Priming by UIR 

Subliminal priming is perhaps the most widely used technique in showing that 

stimuli can affect behaviour without giving rise to awareness (Neumann & Klotz, 1994). 

In priming, participants are trained to respond with speed to particular stimuli, targets. 

These targets vary in some feature that require participants to enact a decision-making 

process. The presentation of a brief stimulus immediately before targets (primes) 

facilitates or interferes with this decision-making process. Importantly, primes affect 

behaviour because despite their irrelevance to the primary task, they too have incidental 

response associations, either by being identical to or semantically related to targets. This 

interaction is usually thought to occur at the motor-response activation stage (Dehaene 

et al., 1998). In subliminal, unconscious, or masked priming, primes are suppressed from 

awareness, generally by backward masking (Marcel, 1983). Although they are not 

consciously perceived, masked primes may nevertheless affect responses to targets based 

on their response congruence. 

Four studies reviewed in Chapter 2 purported to show that unconscious integration 

of the same/different relation of two stimuli primed responses to targets. Van Opstal and 

colleagues (2010, 2011) showed that participants could integrate the relation of letters 

and numbers without awareness, which in turn primed responses to the relation of colour 

patches and number pairs. Intriguingly, this priming occurred even when prime and 

target stimuli were drawn from different categories. In two experiments by Liu and 
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colleagues (2016), the stimuli featured happy or fearful faces in pairs. Participants 

responded to target faces based on whether that shared or differed in emotional valence. 

Priming effects varied across conditions, but generally appeared to show an inhibitory 

priming effect for both accuracy and reaction times. Finally, Wang and colleagues (2017) 

tasked participants with responding to the same/different relation of pairs of left or right 

pointing arrows. Masked arrows presented beforehand, which were relationally 

congruent or incongruent with the response, affected reaction times and accuracy in 

target responses. These effects from priming were acutely sensitive to the timing of 

target presentation: facilitation by congruent primes gave way to impairment with longer 

SOAs preceding targets. 

5.1.2 Investigating UIR with priming 

5.1.2.1 Does unconscious integration of a richer stimulus set generalize to priming? 

Like Lin & Murray (2014b) and Experiment 1 above, the most recent priming of 

UIR studies used only two exemplars to form same and different sets which participants 

had to integrate. Liu and colleagues (2016) used faces from 40 identities, so perceptual 

features would have differed in pairs and between prime and target. While this 

manipulation reduced the influence of low-level visual similarity among primes and 

between primes and targets, features common to facial emotions – such as differences in 

frequency spectra (Hedger et al., 2015) - could have limited the complexity of the 

integrative task. When considering only relevant features needed to perform the task, 

there were again just four exemplar permutations to which participants had to associate 

responses. Of the priming studies we have reviewed, only Van Opstal and colleagues used 

a relatively large stimulus set for primes: 16 unique number or letter pairs in their first 

study (2010) and 12 unique letter pairs in their second study (2011). While this 

strengthens the case against prime stimulus-response binding, the authors concede that 
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they could not rule out the influence of prior semantic associations or experience with 

the stimulus set (Van Opstal et al., 2010). 

The success of these recent studies, and our finding of UIR for a richer stimulus set 

in Experiment 2, led us to conduct Experiments 3 and 4. If the unconscious priming 

shown by other authors was truly an instance of an integrative process, then relation 

priming should generalize to more exemplars. In parallel, if the UIR seen in Experiment 

2 is not unique to the procedures used there, it should also be observed in a different 

paradigm and with alternative procedures. 

5.1.2.2 Reducing the effect of perceptual priming 

One factor investigated in the studies above was the effect of perceptual priming. 

The issue is similar to that discussed in earlier chapters: a simpler effect from stimuli 

may provide a more parsimonious explanation of experiment effects. In the unconscious 

priming used here, primes come from the same stimulus set as targets, and so share their 

perceptual features. In our stimulus set and those of other authors, these features include 

oriented edges and shape contours, but in that of Liu and colleagues (2016) they may be 

the spatial frequency spectra of emotional faces. On particular trials, if primes and 

targets share particular perceptual features in the same retinal location, the visual 

system may be facilitated by these, or adapt to them. This would modulate perceptual 

processing of targets and responses to them in turn. Being independent of any need to 

integrate or compare stimuli, this provides an alternative explanation to priming by 

relation. 

While Van Opstal and colleagues (2011) investigated how relation integration was 

affected by the perceptual similarity between prime components, there was no concern in 

their design that similarity between letter primes and number targets could explain the 

priming effect. But in both other previous studies, the authors (Liu et al., 2016; Wang et 



 

94

 

al., 2017) tested the effect of primes that were perceptually congruent and incongruent 

with targets, independently of whether prime relation was congruent or incongruent with 

the relation of targets (and the expected motor response). Perceptual effects were found 

to be insufficient to explain the priming in those studies, and thus genuine integration 

was implicated. A caveat of this analysis was, once again, the limited number of stimulus 

exemplars (2), the limited number of exemplar pairs (4 pairs), and the limited 

permutations of prime and target relation pairings (16 sets). With so few combinations, 

it is not possible to deconfound perceptual congruence at the component level; for 

instance, all relation-incongruent pairings of primes and targets would necessary include 

one perceptually-matched component across prime and target. Comparisons between 

relation-incongruent and relation-congruent primes in these studies are therefore not 

balanced with regard to the influence of perceptual similarity. 

In Experiments 3 and 4, the employ of a larger stimulus set granted more freedom 

in exploring this factor. Critically, primes oriented exactly as targets could be included 

or excluded in the design without dramatically affecting the number of possible stimulus 

exemplars within congruence conditions. This flexibility in stimulus selection is 

necessary to guarantee that there are no unintended contingencies between primes and 

targets, which would undermine conclusions of genuine relation integration. 

In Experiment 3, “percept-congruent” prime components took the same orientations 

as the target components that followed them, being both perceptually and relationally 

congruent. In separate relation-congruent and relation-incongruent conditions, primes 

never shared an orientation with their corresponding targets. Experiment 4 focused on 

demonstrating priming by relation independently of perceptual congruence. No prime 

had the same orientation as its corresponding target, and there were no percept-

congruent primes, so that priming by visual features was excluded as a potential 
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explanation for any results. 

5.1.2.3 Allowing for positive or negative compatibility effects 

Generally, the causal effect of primes is indicated by improved performance on 

targets, where associations triggered by the prime are congruent with expected responses 

to targets: a positive compatibility effect (PCE). Yet, priming effects do not always result 

in behavioural facilitation on congruent trials. There is good evidence that primes can 

lead to behavioural impairment, in which prime congruence leads to slower reaction 

times or poorer accuracy, a negative compatibility effect (NCE). In the same stimulus set, 

a mix of facilitation and impairment may occur at varying time scales (Eimer & 

Schlaghecken, 2003; Sumner, 2007). The NCE is commonly attributed to motor self-

inhibition following activation, but negative effects may also be triggered by mask 

appearance and its own associations (Lleras & Enns, 2004; Panis & Schmidt, 2016; 

Schmidt, Hauch, & Schmidt, 2015). 

Curiously, the studies discussed above showed effects in different directions. Van 

Opstal and colleagues (2010) observed a PCE only at a short SOA; Liu and colleagues 

(2016) found NCEs from both short and long SOAs; and in the most recent work by Wang 

and colleagues (2017), both a PCE and an NCE were noted as evidence of priming at 

different SOAs. Leaving aside the theoretical explanations of oscillatory effects from 

primes, behavioural changes in either direction can be taken to reflect prime processing, 

so long as they is consistent. Following these authors, we manipulated the SOA between 

mask and target in Experiment 4 to test for evidence of priming at different timescales. 

We did not have any specific hypotheses for effect direction at either SOA. 

5.2 Experiment 3A 

Experiment 3 implemented a primed go/no-go paradigm to investigate whether the 

relation of a prime pair would affect conscious responding to the relation of target stimuli. 
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The stimulus set developed for Experiment 2, consisting of arrowheads appearing at one 

of five orientations, was used to create stimulus pairs. A prime pair appeared briefly but 

was suppressed from awareness by sandwich masking. Immediately afterwards, a target 

pair appeared to which participants performed a standard go/no-go task. Prime 

components could be the same or different, and their orientations could be relation-

congruent, relation-incongruent, or exactly the same as target stimuli. Visibility of 

primes was assessed using prime discrimination trials, interleaved throughout the 

session. We hypothesized that performance on the go/no-go task would improve when 

prime components were identical to targets, and would suffer when prime components 

formed a relation incongruent with the response called for by the target stimuli.  

5.2.1 Method 

5.2.1.1 Participants 

14 participants (11 female; age information not collected) at the University of 

Auckland joined Experiment 3. They all provided informed consent and were thanked for 

their participation with a 10 NZD shopping voucher. All had normal or corrected vision. 

Advertising, recruitment, and experimentation followed guidelines of the University of 

Auckland Human Participation Ethics Committee, under reference number 013154. 

5.2.1.2 Stimuli 

Experiment 3 was presented using the same apparatus as Experiment 2. Stimuli 

were generated from the same stimulus set as Experiment 2, although parameters were 

altered in order to strengthen masking. In particular, masked stimuli had lower 

luminance and were forward-masked. A fixation cross appeared at the centre of the 

screen for 700 ms at the beginning of each trial. Two forward metacontrast masks (0.74° 

in diameter, 100% white, 197.7 cd/m2) then appeared for 34.7 ms, each 0.69° left and 

right of fixation. Two prime components then appeared in the same location as the 
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forward masks for 48.6 ms. These components were “arrowheads” as in Experiment 2, 

except that they were smaller in size (0.46° on a side) and lower in luminance (20% grey; 

10.1 cd/m2). After the offset of the primes, backward masks identical to the forward 

masks appeared for 97.2 ms at an SOA of 69.4 ms. Two target components (100% white, 

197.7 cd/m2) appeared at the offset of the backward masks and remained on the screen 

until response or until one second had elapsed without response (Figure 10). 

5.2.1.3 Procedure 

The procedure combined two tasks on interleaved trials. Participants performed a 

standard go/no-go task when targets appeared on 864 trials. On 96 prime discrimination 

 

Figure 10. Procedure of Experiment 3A and 3B. Stimuli shown are examples. 
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trials, a selection array appeared rather than target stimuli, and participants indicated 

the orientation of primes that appeared on that trial. Unlike Experiment 2, these tasks 

were interleaved randomly rather than being performed on all trials. Participants had 

no knowledge of which trial type would occur on a given trial.  

Standard trials displayed Go stimuli on 576 trials, and No-go stimuli on 288 trials. 

Go and No-go stimuli were defined by the same or different relation of target stimuli 

orientations. Particular components comprising each pair were randomly selected from 

available exemplars; as a result, some exemplars appeared more than others. The 

association of go/no-go instruction and pair relation was counterbalanced by participants 

groups as a between-subjects factor. Participants were instructed to respond with speed 

to the Go-associated relation by pressing the space bar with their inferior hand. Error 

feedback occurred to errors of omission and commission. 

Prime stimuli appeared before every standard trial. Prime stimuli were evenly 

divided into three possible conditions: Percept-Congruent, Relation-Congruent, and 

Relation-Incongruent. Percept-Congruent prime components had the same orientations 

as their corresponding target components, and thus the same relation. Relation-

Congruent primes shared the same relation as target stimuli, but featured different 

orientations for each component. Relation-Incongruent prime components each had 

different orientations and made up a different relation from targets. For each trial, prime 

orientations were randomly selected from possible orientations that followed the above 

constraints, but were not otherwise balanced.  

On prime discrimination trials, primes appeared as described above, but were 

followed by a backward mask at an SOA of either 69.4 ms (Strongly Masked, 48 trials) 

or 104.2 ms (Weakly Masked, 48 trials). Prime orientations were randomly selected, 

without constraint. After offset of the backward mask, target stimuli did not appear. 
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Instead, a selection screen appeared, similar to that in Experiment 2. Participants 

performed the same dual match-to-sample task, using the mouse with their preferred 

hand to select prime orientations. The discrimination task differed from that of 

Experiment 2: the orientations in each selection array were presented in a random order, 

such that participants had to search to find the appropriate orientation. This change was 

intended to prevent a strategy whereby a participant chose the same components on 

every discrimination task. No feedback was provided on prime discrimination trials. 

Participants were trained on the two tasks separately, performing 54 go/no-go trials 

and 36 prime discrimination trials before beginning the main experiment. During the 

several breaks, feedback on performance relative to other participants was provided, 

encouraging the participant to respond both quickly and accurately. The entire session 

lasted about one hour. 

5.2.2 Analysis 

Two measures were collected from the go/no-go task, reaction time and commission 

error rate. As the rate of omission errors to Go stimuli was low (around 1%), we analysed 

only errors of commission to No-go stimuli. Similarly, only correct reaction times to Go 

stimuli were analysed. Valid reaction times were between 150 ms and 1 second, the 

maximum time before response was considered to be withheld. For each condition and 

participant, outlier reaction times which were more than two standard deviations from 

the condition mean were removed before recalculating the mean. The distribution of 

reaction times was visualised using the mean decile reaction times across participants. 

As in previous analyses, all stimulus exemplars within a relation were collapsed. For the 

prime discrimination task, discrimination accuracy was collapsed for left and right 

components. 

Statistical analyses were performed in MathWorks MATLAB R2012b/R2017a and 
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IBM SPSS Statistics 24.  

5.2.2.1 Prime discrimination 

To demonstrate that participants were not conscious of prime stimuli, we first 

looked at discrimination accuracy for primes. Although two responses were collected on 

each trial, all prime discriminations were collapsed and so the guess rate on this task 

was 20%. Discrimination accuracy was separately calculated for Strongly Masked and 

Weakly Masked primes. Although the approach has been critiqued, we tested for a 

significant difference between Strongly Masked prime discrimination across subjects and 

the guess rate. The presence of Weakly Masked primes was solely to encourage 

performance on discrimination trials, and demonstrate that participants were 

adequately able to perform the discrimination task. 

5.2.2.2 Prime effect on Go/No-go performance 

The effect of primes on target responding was separately analysed for Go stimuli, 

as a change in mean correct reaction times, and No-go stimuli, as a change in commission 

error rate. For each analysis, three prime types were compared: Percept-Congruent, 

Relation-Congruent, and Relation-Incongruent. Each measure was submitted to a 2x3 

repeated measures ANOVA with within-subject factor Prime Type and between-subject 

factor Go Pair Relation (Go on same pairs or go on different pairs). We hypothesized that 

a significant difference in Prime Type would be revealed, showing that prime relation 

affected responding to target relation. Importantly this should occur without interacting 

with Target Pair Relation. 

5.2.3 Results 

All participants performed well at the go/no-go task. Mean reaction time was 499 

ms (SEM: 12 ms), with few failures to respond to go stimuli without the 1 second period 

(mean omission error rate, 0.9%, SEM: 0.3%). For no-go stimuli, the rate of errors of 
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commission was relatively low and consistent, at 7.5% (SEM: 2.0%). 

5.2.3.1 Prime discrimination 

Discrimination of masked primes was collapsed across left and right components 

and compared against the guess rate, 20%. As a whole, mean discrimination accuracy for 

Strongly Masked primes was 25.1% (SEM: 2.4%), though the distribution was skewed by 

four outlier performers with accuracies above 35% (Figure 11). A Shapiro-Wilk test 

showed that this distribution deviated from normal (test statistic = .818, p = .008). A one 

sample t-test, against the hypothesis that discrimination scores did not differ from 20%, 

showed that performance was significantly greater than chance, t(13) = 2.18, p = .048. 

Commonly, this finding would be interpreted as evidence that there was some visibility 

of primes on these trials, although this should be considered in light of the non-normal 

score distribution. 

Performance on Weakly Masked primes was also poor, at 27.5% (SEM: 3.2%). A 

 

Figure 11. Prime discrimination for each participant in Experiment 3A (left) and 3B 

(right). Upward triangles: Weakly Masked primes; downward triangles: Strongly Masked 

primes. Each bar represents the performance of one participant, where longer bar lengths 

correspond to a greater intra-individual difference in performance on Strongly Masked 

and Weakly Masked primes. The dashed line represents the guess rate. Unfilled triangles 

show grand mean performance with standard error of the mean. *p < .05. ***p < .001. 

* 
* *** 
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paired t-test comparing Strongly and Weakly Masked primes showed no significant 

difference in discrimination performance from the manipulation of SOA (t(13) = 1.67, 

p = .12). This finding was surprising, as discriminability of this stimulus set was found 

to be acutely sensitive to prime-to-mask SOA in earlier testing (Appendix A). Possibly 

the addition of a forward mask interfered further with perceptual processing of the 

primes such that the manipulation of timing was no longer effective. 

5.2.3.2 Prime effect on Go/No-go performance 

A two-way ANOVA on commission error rate to No-go stimuli revealed no main 

effect of Prime Type (F(2,24) = 1.41, p > .1), but an effect of group which balanced the Go 

Pair Relation (F(1,12) = 5.18, p = .042) (Table 8). Participants trained to respond to same 

 

Table 8. Analysis of Variance for Commission Errors in Experiment 3A. SS = Sum of 

squares. *p < .05. 

 

Table 9. Analysis of Variance for Reaction Times in Experiment 3A. SS = Sum of squares. 

*p < .05. 

 

 

 

 

Source SS df F p

Within-Subjects

Prime Type 0.01 2 1.41 0.263 0.11

Prime Type ×

Go Pair Relation
0.01 2 1.27 0.300 0.10

(Error) 0.04 24

Between-Subjects

Go Pair Relation 0.06 1 5.18 0.042* 0.30

(Error) 0.15 12

Source SS df F p

Within-Subjects

Prime Type 0.00 2 4.15 0.028* 0.26

Prime Type ×

Go Pair Relation
0.00 2 0.07 0.935 0.01

(Error) 0.00 24

Between-Subjects

Go Pair Relation 0.00 1 0.54 0.475 0.04

(Error) 0.07 12

𝜂𝑃
2  

𝜂𝑃
2  
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pairs made fewer errors of commission by responding to different pairs, relative to other 

participants. No interaction between these factors was observed (F(2,24) = 1.27, p > .1). 

Thus, there was no evidence that prime relation affected participants’ ability to withhold 

response to No-go targets. 

A similar two-way ANOVA was performed on mean correct reaction times to Go 

stimuli (Table 9). A main effect of Prime Type was noted (F(2,24) = 4.15, p = .028). No 

differences were found for group factor Go Pair Relation (F(1,12) = 0.54, p > .1) or its 

interaction with Prime Type (F(2,24) = 0.068, p > .1). Post hoc tests were performed to 

investigate the main effect of Prime Type. Tukey’s HSD test was used with the 

Studentized Range Statistic q, where q = t√2 (Howell, 2012). No pairwise comparison was 

significant at the p < .05 level, though reaction times following Percept-Congruent 

primes showed a trend of faster responses (p < .1) than Relation-Congruent and Relation-

Incongruent primes. Critically, no significant difference was found between Relation-

Congruent and Relation-Incongruent primes (Figure 12).  
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As we could not conclude that masked primes were effectively masked throughout 

the task and for all participants, we investigated whether the effect of Prime Type on 

reaction times was dependent on relative prime discrimination performance. A Percept 

Congruence Effect (difference in mean reaction times to targets with Percept-Congruent 

primes and targets with Relation-Congruent primes) and Relation Congruence Effect 

(difference in mean reaction times to targets with Relation-Congruent primes and targets 

with Relation-Incongruent primes) were calculated for each participant, with positive 

values representing facilitation (PCE). Each of these was regressed against Strongly 

Masked prime discrimination accuracy (Figure 13). Prime discrimination strongly 

predicted reaction time facilitation for primes which shared the same components as 

targets (R2 = .69, p < .001), although this appeared to be driven by four outliers. No 

correlation between prime discrimination and Relation Congruence Effect was observed, 

R2 = .12, p > .1. Thus, it appeared that ineffective masking for several participants could 

account for the main effect of Prime Type described above (notably, the four prime-

 

Figure 12. Measures in Experiment 3A, contingent on Prime Type. Shown are commission 

errors to No-go stimuli (left), correct reaction times to Go stimuli (middle), and 

Vincentized correct reaction time distributions (right). PC = Percept-congruent; 

RC = Relation-congruent; RI = Relation-incongruent. Error bars represent standard error 

of the mean. †p < .1. 

† 

† 
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sensitive participants were split evenly between groups). 

5.2.3.3 Sensitivity of data 

Analysis of variance on errors and reaction times in Experiment 3A showed no 

significant effect for the effect of primary interest, Relation Congruence Effect. Under 

standard frequentist analysis, this result cannot be interpreted as evidence against a 

Relation Congruence Effect, particularly as the power of the study was low. It could be 

that not enough data was collected to reveal an effect. Dienes (2014) and Rouder (2014) 

have pointed out that the Bayes factor maintains sensitivity regardless of the size of 

data. Therefore, we followed-up at a later date by quantifying support for and against 

the hypothesis of there being a small effect of prime relation using a Bayesian framework 

(Dienes, 2014). 

We submitted the Percept Congruence Effect (10.0 ms, SEM: 4.1 ms) and Relation 

Congruence Effect (3.2 ms, SEM: 3.5 ms) on reaction times to this analysis. As previous 

authors found both positive congruence effects and negative congruence effects for 

relation under inconsistent parameters (Liu et al., 2016; Wang et al., 2017), we 

 

Figure 13. Percept Congruence Effect (left) and Relation Congruence Effect (right) on 

reaction times as a function of Strongly Masked Prime Discrimination in Experiment 3A. 

Circles are individual participant data. Grey dashed line shows discrimination guess rate; 

black dashed line shows linear trend. ***p < .001. 

R2 = .69*** 

R2 = .12 
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considered hypotheses of these effects appearing in either direction. Based on the size of 

effects seen in these studies, we chose a normally-distributed prior with a modest mean 

effect size of 10 ms and SD of 5 ms, hypothesizing an effect with a 95% chance of falling 

between 0 ms to 20 ms. Using Dienes’ Bayes Factor calculator on the web (Dienes, 2008), 

Bayes factors were calculated for hypotheses of a positive congruence effect (H+) and a 

negative congruence effect (H-), each against the null hypothesis of no difference (H0). 

The Bayes factor “BF10” is an odds ratio of relative likelihood that reflects the degree 

to which the data supports a given hypothesis “H1” over a second hypothesis “H0”. A 

Bayes factor of 1 indicates equal (relative) support for both hypotheses. Values beyond 3 

and 1/3 indicate three times as much relative support for H1 and H0, respectively, 

commonly considered to be “moderate” or “strong” evidence (Jeffreys, 1961). Between 1/3 

and 3, Bayes factors indicate that support is only anecdotal or not provided at all for 

either theory. The existence of a positive priming effect for Percept Congruence was 

strongly supported, BF+0 = 11.59, and no effect more likely than a negative effect, BF-

0 = .10. More importantly, support for no effect of Relation Congruence was only 

anecdotal, BF+0 = .46, although it was more likely than a negative effect, BF-0 = .09.  

While Bayes factors suggested strong evidence for a positive Percept Congruence 

Effect, evidence for or against a Relation Congruence Effect was inconclusive, suggesting 

that not enough data was available. As the Relation Congruence Effect was the main 

hypothesis of interest in this Experiment, at a later date we collected a larger sample to 

provide a more sensitive test of this effect. As this additional experimentation was done 

following the main study, analysis and results of the additional data as well as an 

exploratory look at the complete sample are presented below as Experiment 3B. 

5.3 Experiment 3B 

Experiment 3A appeared to show no effect of prime relation on responding to 
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targets, but a post hoc Bayesian analysis suggested that the data were not sensitive 

enough to support the null hypothesis for an effect of relation. Therefore, we repeated 

data collection on this experiment, seeking to increase sample size and provide support 

for a null effect. Due to the passage of time since Experiment 3A was conducted, we 

present and analyse Experiment 3B as a separate set of data. 

5.3.1 Method 

5.3.1.1 Participants 

14 participants (8 female; age information not collected) at the University of 

Auckland joined Experiment 3B. None of these participants had participated in 

Experiment 3A. Participant recruitment was time-limited to one week, during which 

time 14 eligible participants took part. These participants were offered 20 NZD for their 

participation; other aspects of recruitment were identical to those in Experiment 3A, 

above. 

5.3.1.2 Stimuli & Procedure 

The apparatus, stimuli, and procedure were identical to those used in Experiment 

3A. 

5.3.2 Analysis 

All measures and analyses were exactly as done in Experiment 3A, which we report 

below. While frequentist analyses did not include previously-analysed samples from 

Experiment 3A, combined 3A and 3B data were analysed within a Bayesian framework. 

5.3.2.1 Post hoc combined effects 

To explore the potential for a congruence effect of primes on behaviour with greater 

sensitivity, we again calculated a Percept Congruence Effect and Relation Congruence 

Effect for each participant, looking specifically at effects on correct reaction times to Go 

stimuli. This sample was combined with data collected in Experiment 3A and analysed 
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within a Bayesian framework to quantify support for or against congruence effects on 

reaction times. 

As in Experiment 3A, we defined an alternative hypothesis for RT effect with a most 

likely difference of 10 ms, normally distributed with a SD of 5 ms. Although Bayes factors 

were calculated for hypotheses of a positive congruence effect (H+) and a negative 

congruence effect (H-) against the null hypothesis of no difference (H0), we report below 

only on the more meaningful PCE (H+ vs H0; BF+0). Bayes Factors were calculated for 

both a Percept Congruence Effect and Relation Congruence Effect with Dienes’ Bayes 

Factor calculator (Dienes, 2008).  

5.3.3 Results 

Mean reaction time to targets was 477 ms (SEM: 15 ms), and accuracy to targets 

approached ceiling (mean omission error rate, 0.5%, SEM: 0.1%). Errors of commission 

on No-go stimuli (7.5%, SEM: 1.3%) was very similar to participants in Experiment 3A. 

5.3.3.1 Prime discrimination 

Mean discrimination accuracy for Strongly Masked primes (26.7%, SEM: 2.7%) and 

Weakly Masked primes (33.2% (SEM: 2.8%)) showed a slightly larger difference than in 

Experiment 3A (Figure 11). Notably, there were again six outlier discriminators, all 

showing above 30% discrimination on Strongly Masked primes. A NHST showed that 

discrimination of Strongly Masked primes was greater than chance, t(13) = 2.49, 

p = .027. Scores on Strongly Masked and Weakly Masked primes were significantly 

different, t(13) = 4.77, p < .001. 
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5.3.3.2 Prime effect on Go/No-go performance 

We first performed a two-way ANOVA on commission error rates to No-go stimuli, 

with within-subjects factor Prime Type and between-subjects factor Go Pair Relation 

(Table 10). The main effect of Prime Type was significant, F(2,24) = 5.88, p = .008, 

suggesting that manipulation of primes affected inhibition on No-go trials. Prime Type 

interacted with Go Pair Relation, F(2,24) = 3.55, p = .045, but there was no main effect 

of group based on which relation was treated as a No-go stimulus, F(1,12) = 0.06, p = .80. 

The effect of Prime Type was further investigated with post hoc Tukey’s HSD tests. 

Accuracy was significantly better following Percept-Congruent primes relative to both 

 

Table 10. Analysis of Variance for Commission Errors in Experiment 3B. SS = Sum of 

squares. **p < .01. 
 

 

Table 11. Analysis of Variance for Reaction Times in Experiment 3B. SS = Sum of squares. 

*p < .05. **p < .01. ^: corrected via the Greenhouse-Geisser method with estimated 

ε = .590. 

 

 

Source SS df F p

Within-Subjects

Prime Type 0.01 2 5.88 0.008** 0.33

Prime Type ×

Go Pair Relation
0.01 2 3.55 0.045 0.23

(Error) 0.02 24

Between-Subjects

Go Pair Relation 0.00 1 0.06 0.804 0.01

(Error) 0.10 12

Source SS df F p

Within-Subjects

Prime Type 0.01 1.18^ 16.22 0.001** 0.58

Prime Type ×

Go Pair Relation
0.00 1.18^ 4.70 0.043* 0.28

(Error) 0.00 14.15^

Between-Subjects

Go Pair Relation 0.06 1 13.27 0.003** 0.53

(Error) 0.06 12

𝜂𝑃
2  

𝜂𝑃
2  
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Relation-Congruent (p < .05) and Relation-Incongruent primes (p < .05). Relation-

Congruent and Relation-Incongruent primes had an inconsistent effect on commission 

errors across groups, and showed no significant pairwise difference in general. 

Analysis of variance on reaction times was also performed (Table 11). As Mauchly's 

Test of Sphericity indicated that the assumption of sphericity was violated, (χ2(2) = 13.1, 

p = .001), we corrected degrees of freedom using the Greenhouse-Geisser method (1959). 

The main effect of Prime Type was significant, F(1.18,14.15) = 16.22, p < .001, as was its 

interaction with Go Pair Relation, F(1.18,14.15) = 4.70, p = .043. Speed in responding to 

Go targets differed between groups, with the group targeting Same pairs faster in 

general, F(1,12) = 13.27, p = .003. Post hoc tests on Prime Type were again performed; 

as sphericity was violated, we here used the more robust Bonferroni method rather than 

Tukey’s HSD test (Field, Miles, & Field, 2012, p. 553). Pairwise comparisons revealed 

that reaction times following Percept-Congruent primes were faster than to Relation-

Congruent primes by about 16 ms (p = .022), and Relation-Congruent primes lead to 13 

ms faster responses relative to Relation-Incongruent primes (p = .002). These differences 

 

Figure 14. Measures in Experiment 3B, contingent on Prime Type. Shown are commission 

errors to No-go stimuli (left), correct reaction times to Go stimuli (middle), and 

Vincentized correct reaction time distributions (right). PC = Percept-congruent; 

RC = Relation-congruent; RI = Relation-incongruent. Error bars represent standard error 

of the mean. *p < .05. **p < .01. 

       * 

* 

** 

  *    ** 
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appeared to be larger for the group targeting same pairs as Go targets. 

The Percept Congruence Effect and Relation Congruence Effect on reaction times 

were each regressed against Strongly Masked prime discrimination across participants 

(Figure 15). Similarly to Experiment 3A, prime discrimination moderately predicted the 

Percept Congruence Effect, R2 = .35, p = .026. A marginally significant correlation 

suggested that prime discrimination also drove Relation Congruence Effects across 

participants, R2 = .27, p = .058. These relationships again appeared to be defined by the 

dichotomy between prime seers and non-seers.  

5.3.3.3 Experiment 3A & 3B combined effects 

Percept Congruence and Relation Congruence Effects on reaction times were pooled 

for Experiments 3A and 3B. From these, we calculated the Bayesian support for a model 

of a small reaction time difference of about 10 ms versus the null model of no reaction 

times differences. The Percept Congruence Effect across both experiments (13.1 ms, 

SEM: 3.5 ms) strongly supported the model of a difference in reaction times 

(BF+0 = 657.7), as had the data sample of Experiment 3A alone. A Relation Congruence 

 

Figure 15. Percept Congruence Effect (left) and Relation Congruence Effect (right) on 

reaction times as a function of Strongly Masked Prime Discrimination in Experiment 3B. 

Circles are individual participant data. Grey dashed line shows discrimination guess rate; 

black dashed line shows linear trend. †p < .1. *p < .05. 

R2 = .35* 

R2 = .27† 
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Effect was noted in the pooled sample of 8.1 ms (SEM: 2.5 ms) which also greatly 

supported the alternative (BF+0 = 80.96). This was surprising, as the evidence from data 

in Experiment 3A alone anecdotally supported the null hypothesis. Although Bayes 

Factors naturally increased as a result of increased precision, it also appeared that there 

were differences of note between the two participant samples. 

5.3.4 Summary 

The results of Experiment 3A showed weak evidence for the effect of primes on 

behaviour, specifically through a Percept Congruence Effect on reaction times to Go 

stimuli. The data failed to show a Relation Congruence Effect, speaking against the 

possibility of UIR, although the low power limited conclusions that can be drawn. In 

contrast, in Experiment 3B primes appeared to have a greater influence on subsequent 

responses to targets, as shown by main effects of Prime Type. Post hoc comparisons 

specifically showed the effect of perceptual correspondence between primes and targets: 

No-go accuracy and Go reaction times were both facilitated by Percept-Congruent primes 

relative to Relation-Congruent primes. Some evidence of a Relation Congruence Effect 

was seen in reaction times, in that Go stimuli following Relation-Congruent primes were 

responded to faster than those following Relation-Incongruent primes. This effect 

appeared stronger for participants responding to same pairs in particular, although this 

could be expected as global performance to same pairs was better relative to different 

pairs, likely because there were fewer permutations of the former to train on.  
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The results of Experiment 3B varied from those of Experiment 3A, despite 

essentially identical stimuli and procedure. This can be clearly seen in differences in 

prime-driven effects (Figure 16). On the face of it, it is unclear why these differences 

would occur between samples. One possibility is that some aspect of the environment 

changed in the interim between experiments: although the apparatus and location was 

the same, monitor settings may have been altered, and viewing distance was likely better 

controlled during second wave of data collection. Importantly, participant 

reimbursement was increased. If nothing else, this could have increased participant 

engagement and affected task demand. 

Importantly, we cannot conclude that masking in either experiment was sufficiently 

effective, or ineffective, based on the results. While the majority of the participants 

appeared to perform at chance when discriminating strongly masked primes, several 

others showed at least minimal visibility; as a group, participants performed 

significantly above chance. The NHST approach to demonstrating the absence of 

awareness has been criticized, partially due to its low sensitivity (Vadillo et al., 2016); 

 

Figure 16. Percept Congruence Effect (left) and Relation Congruence Effect (right) on 

reaction times in Experiment 3A (light grey) and Experiment 3B (dark grey). Crosses and 

plusses represent individual data points from different participant groups as balanced by 

factor Go Pair Relation. Error bars show standard error of the mean. 



 

114

 

but in the current context, if underpowered there is still little reason not to accept the 

rejection of null prime discrimination. 

Furthermore, we intended to present weakly masked primes throughout the 

experiment. The purpose of these was twofold: to encourage participants to perform the 

discrimination task well, as recommended by Pratte & Rouder (2009) and Lin & Murray 

(2014a); and to demonstrate that participants were able to perform this task when the 

stimuli were clearly visible and trivial to identify. Unfortunately it must be conceded that 

the discrimination task failed on at least the second count: discrimination was not better 

for weakly masked primes relative to strongly masked primes, probably because the SOA 

was not sufficiently long to disable the effect of masking. Also, the randomized order of 

the selection array forced a minor search task into the match-to-sample demand, which 

likely frustrated participants and further demotivated them from making meaningful 

selections. Thus, it is possible that even participants who appeared to perform at chance 

on the discrimination task had some visibility of the primes, due to the task difficulty 

confound (Pratte & Rouder, 2009). 

How should the combined results of Experiment 3 be interpreted? Do they amount 

to a robust demonstration of UIR? In showing a specific process of integration of relation, 

the results were equivocal between experiments as indexed by their Relation Congruence 

Effects. The influence of prime relation congruence was also outstripped by that of prime 

visual correspondence with targets, and so the latter alternative explanation for priming 

should not be lightly ruled out as recent authors have done (Liu et al., 2016; Wang et al., 

2017). While across the combined experiments both effect types provided Bayesian 

support for priming, this should be weighed with consideration to correlations of these 

effects with prime visibility across participants. When combined with failed NHSTs of 

prime discrimination, it is clear that even if primes affected target responding, the 
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primes and their effects were not demonstrably unconscious. We treat the results of 

Experiments 3A and 3B as inconclusive with regard to UIR. 

Although it provided several insights into the potential for unconscious priming by 

stimulus relation, the mixed results in Experiment 3 could be attributed to several design 

decisions. For one, the use of sandwich masking may have interfered with the processing 

of prime stimuli. Experiment 3 also implemented a standard go/no-go design, whereas 

previous authors showed relation priming in choice reaction time tasks; target 

responding may not have been greatly susceptible to the influence of primes. Finally, the 

direct measure for assessing awareness was unable to convincingly demonstrate that 

participants were unaware of prime orientations throughout the experiment, rendering 

the results hard to interpret. These findings motivated a higher-powered study with a 

focus on detecting weak signals of relation priming, independent of prime visibility and 

perceptual priming. 

5.4 Experiment 4 

In Experiment 4 we sought to improve upon the design of Experiment 3, with a 

focus on improving the likelihood of detecting a weak signal of unconscious processing in 

behavioural measures, while simultaneously improving masking effectiveness. Rather 

than using a go/no-go paradigm, we started with a choice reaction time procedure similar 

to previous authors (Liu et al., 2016; Van Opstal et al., 2010; Wang et al., 2017), itself 

similar to many other studies in priming. Under this procedure, participants provided a 

speeded keypress on every trial, indicating the relation of target stimuli.  

To maximize the chance to detect an effect of prime relation congruence, we removed 

Percept Congruent primes which shared the same orientations as targets. As previous 

researchers noted that their effects were modulated by the interval between prime and 

target, we also manipulated this factor, the mask-to-target SOA. Some priming studies 
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have also noted a sequential congruency effect or Gratton effect (Gratton, Coles, & 

Donchin, 1992), where the congruence of stimuli in a trial affects performance on the 

following trial; therefore we also investigated the previous trial’s relation congruence as 

an additional factor.  

Changes were made to the prime discrimination task in Experiment 4. Again, our 

goal was to demonstrate that participants were unaware of primes under the same 

conditions that they were presented in priming trials, while also showing that 

participants were able to adequately identify unmasked primes. Prime presentation was 

tweaked so that masking would be more effective, and the number of prime 

discrimination trials increased to strengthen conclusions from performance. Weakly 

masked trials were further weakened to prevent the task difficulty artifact seen in 

Experiment 3 (Pratte & Rouder, 2009). 

Finally, we took advantage of preregistration to codify analysis decisions. For one, 

we set a criterion for maximum prime discrimination for participants to be treated as 

unaware of primes in analysis. This was in response to findings of abnormally good prime 

discriminators in earlier experiments. To ensure a sufficient power for drawing 

conclusions of priming effects, we also preregistered stopping criteria and sample size for 

recruitment. Details of Bayesian and frequentist analyses to be performed were also pre-

specified.  

Three hypotheses for confirmatory analyses were preregistered. Two specific 

relation congruency effects were tested: we expected that Relation-Incongruent primes 

would have slower reaction times in responses compared to Relation-Congruent primes, 

and that Relation-Incongruent primes would cause more errors than Relation-Congruent 

primes. On prime discrimination, if primes were effectively and consistently masked, 

performance across the group would not differ from chance. In addition, we explored 



 

117

 

several other hypotheses. Based on the sequential congruency effect, we expected larger 

congruence effects as above on trials following Relation-Congruent prime trials. We also 

explored the possibility that relation congruence effects on behaviour would be 

modulated by the mask-to-target SOA, as seen previously (Liu et al., 2016; Van Opstal 

et al., 2010; Wang et al., 2017). 

5.4.1 Preregistration 

The hypotheses and analysis methods for Experiment 4 were pre-registered on 

AsPredicted.org, a repository for short descriptions of intended experimentation which 

focus on separating planned from exploratory analyses. This pre-registration was 

submitted prior to the collection of data described below. The pre-registration is archived 

on the internet (https://aspredicted.org/gm6jk.pdf) and is included here as Appendix B.  

5.4.2 Method 

5.4.2.1 Participants 

40 participants (27 female; mean age 24.4 years, range 18-35) at the University of 

Auckland were recruited in two phases to participate in Experiment 4. Participants were 

offered a 20 NZD shopping voucher for participating in the one hour experiment. All 

participants had normal or correct vision, and indicated that they most commonly used 

a computer mouse with their right hand. Advertising, recruitment, and experimentation 

followed guidelines of the University of Auckland Human Participation Ethics 

Committee, under reference number 013154. 

Recruitment took place in two waves in accordance with pre-specified stopping 

criteria. First, 25 participants were recruited and completed the experiment. Data from 

these participants were then analysed as detailed below to test Bayesian support for a 

Relation Congruence Effect. At that time, a calculated Bayes Factor showed that the data 

do not provide sufficient support for or against a Relation Congruence Effect; we 
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therefore recruited a second wave of 15 participants to take part in the study.  

5.4.2.2 Stimuli 

Apparatus used in Experiment 4 was identical to that used in Experiments 2 & 3, 

save that the presentation monitor ran at a 60 Hz refresh rate. Stimuli were those used 

in Experiments 2 & 3, except for changes in the parameters described below. A green 

fixation cross appeared until participants pressed the space bar to initiate the trial, 

changing the fixation cross to white. After a random interval lasting between 750 and 

1750 ms, primes appeared. Two prime components (0.58°, 25% grey; 14.1 cd/m2) appeared 

1.38° on either side of fixation. Primes remained for 33.3 ms before metacontrast masks 

appeared at the same location at a varying SOA. Masks were 100% white (197.7 cd/m2) 

and lasted 50 ms. Target stimuli appeared either immediately following or 150 ms 

following the offset of the masks. Target stimuli remained on the screen until response 

or 1.5 seconds had elapsed, but otherwise were identical in parameters to prime stimuli. 

5.4.2.3 Procedure 

As in Experiment 3, this Experiment utilized two interleaved tasks (Figure 17). On 

800 choice RT trials, participants pressed an assigned key corresponding to the 

same/different relation of target components. On 100 prime discrimination trials, no 

targets appeared, and participants instead indicated the orientation of primes. As in 

Experiment 2 the tasks were randomly interleaved, save for the constraint that prime 

discrimination trials would not occur consecutively. Otherwise, participants had no 

knowledge of which task would be performed on each trial. 
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On choice RT trials, target stimuli appeared for 1.5 seconds during which 

participants were expected to respond. Half of stimuli were comprised of components 

with different orientations, and half with same orientations. The orientation of the left 

component was pseudorandomized, although the orientation of the right component was 

randomly selected from appropriate orientations. Participants were asked to press the 

“e” key in response to same relation targets, and the “i” key to different relation targets. 

Participants were encouraged to respond as quickly as possible without making a lot of 

mistakes. Error feedback was provided to incorrect keypresses, anticipations of less than 

150 ms, and failures to respond within the time limit. 

Prime stimuli appeared before every choice RT trial, and were evenly divided into 

Relation-Congruent (400 trials) and Relation-Incongruent (400 trials) types. Prime 

 

Figure 17. Procedure of Experiment 4. Stimuli shown are examples. 
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component orientations were randomly selected, such that the relation was congruent or 

incongruent with the relation of targets, and such that prime components never shared 

an orientation with their corresponding target on the same trial. That is, the orientation 

of prime and target components changed within each trial. On all choice RT trials, 

backward masks immediately followed primes (prime-to-mask SOA of 33.3 ms). The time 

between mask and targets was manipulated; on 400 Short SOA trials, targets 

immediately followed masks (mask-to-target SOA of 50 ms), while on 400 Long SOA 

trials, targets appeared 150 ms after mask offset (mask-to-target SOA of 200 ms). 

In the prime discrimination trials, primes could appear at a prime-mask SOA of 

either 33.3 ms (Strongly Masked, 75 trials) or 333.3 ms (Weakly Masked, 25 trials). The 

stimulus parameters and timing for Strongly Masked primes exactly matched those of 

primes in the choice RT trials. Match-to-sample options, from which participants selected 

the component orientations, appeared in the same order and format on every prime 

discrimination trial, as in Experiment 2. Besides this, the prime discrimination task was 

identical to that of Experiment 3. 

Participants received separate training on the choice RT task and prime 

discrimination task, totalling 30 practice trials. Participants were warned that they may 

feel that they were guessing often, but that they should nevertheless perform as well as 

possible on each task. The entire session took 45 minutes to one hour. 

5.4.3 Analysis 

For the choice RT task, two measures were collected: correct reaction time and 

accuracy. Valid reaction times were between 150 ms and 1.5 seconds, the maximum time 

before response was considered to be withheld. Failures to respond and anticipations, 

which were rare, were not included in accuracy or reaction time measures. Outlier 

reaction times more than two standard deviations from the mean were removed on a per-
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participant, per-condition basis. Mean reaction times for each condition were then 

calculated. All stimulus exemplars within each condition were collapsed. Prime 

discrimination accuracy was calculated across all components.  

Statistical analyses were performed in MathWorks MATLAB R2012b/R2017a, IBM 

SPSS Statistics 24. Additional Bayesian analyses were performed in JASP Version 

0.8.5.1 (JASP Team, 2017) and using Dienes’ Bayes Factor calculator on the web (Dienes, 

2008). 

5.4.3.1 Data collection stopping test 

A cursory Bayesian comparison of reaction times for Relation-Congruent and 

Relation-Incongruent primes was used as a decision rule for ending experimentation 

after collecting a sample of 25 participants. At this time, the Relation Congruence Effect 

on mean reaction times was calculated for short mask-to-target SOA, for each participant 

not excluded due to high prime discrimination. A Bayes Factor was then calculated in 

the software JASP to quantify support for or against the presence of this effect. 

Here, HA is the hypothesis that the Relation Congruence Effect for reaction times 

will be significantly different from zero, in either direction. H0 represents the null 

hypothesis, that reaction time differences are not different from zero, formalized in JASP 

using the default Cauchy prior of scale .707 for effect size (NB: the prior used here 

differed from other Bayesian model comparisons in the present work). This calculated 

Bayes Factor, BFA0 = .594, showed anecdotal support for the null hypothesis over the 

alternative hypothesis. Because support against the alternative hypothesis failed to 

exceed anecdotal (BFA0 > 3 or BFA0 < 1/3), data collection continued until 40 participants 

were recruited. 

5.4.3.2 Prime discrimination 

Accuracy on the prime discrimination task was separately calculated for Strongly 
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Masked (percent correct of 150 discriminations) and Weakly Masked primes (percent 

correct of 50 discriminations). We expected performance on Strongly Masked primes to 

not differ from chance, 20%. Commonly, the lack of a significant result on a null 

hypothesis significance test is used to demonstrate that primes are not discriminable. 

For Experiment 4 we performed and report this test for consideration in combination 

with the rest of our analysis approach, including a Bayesian test of null performance. 

A Bayesian comparison of evidence for prime discrimination against no 

discrimination was pre-registered. Following Dienes (2014) and Sand & Nilsson (2016), 

we quantified support for the null hypothesis that participants had no sensitivity to 

primes (H0: 20% accuracy) versus the alternative that participants had some marginal 

visibility of primes (HA: mode accuracy 20%, with higher accuracies less likely following 

a half-normal distribution with SD of 5%). The Bayesian relative support for these 

models was calculated using Dienes’ Bayes Factor calculator (Dienes, 2008).  

We pre-specified a maximum prime discrimination accuracy of 28%, equivalent to 

42 correct discriminations out of 150 discriminations in 75 trials. This cutoff was chosen 

as it trims 1% of outcomes from a binomial distribution with parameters n = 150 (number 

of discriminations) and p = .2 (20% correct guess rate). In other words, only 1 of 100 

observers who had no sensitivity to primes would be unnecessarily excluded. This a priori 

rule was set to exclude participants who likely could perceive primes and prevent 

conclusions from being drawn regarding the existence of unconscious priming effects. 

5.4.3.3 Prime effect on choice RT performance 

The effect of primes on responding to targets was investigated using a three-way 

repeated measures ANOVA with factors Target Relation (Same or Different), Prime Type 

(Relation-Congruent or Relation-Incongruent), and SOA (Short or Long). These ANOVAs 

were separately conducted for accuracy and reaction times. Our primary hypothesis was 
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that performance on both measures would differ when targets were preceded by a 

Relation-Incongruent prime (main effect of Prime Type). We had no specific prediction 

regarding the effects of Target Relation or SOA on responding. 

We also explored the strength of evidence for and against a Relation Congruence 

Effect from a Bayesian perspective (Dienes, 2014). Similarly to Experiment 3, we 

considered a priming effect in either direction, separately for each SOA. We again used 

a normally-distributed prior with mode effect size of 10 ms and SD of 5 ms, allowing a 

95% chance of falling between 0 ms to 20 ms. Bayes factors were calculated comparing a 

positive congruence effect (H+), a negative congruence effect (H-), and no difference (H0). 

For these tests, Target Relation was not considered. While this analysis is similar to the 

Bayesian test used to stop data collection, we note that this analysis employs a more 

nuanced set of priors which were chosen post hoc, and should be considered exploratory. 

5.4.3.4 Sequential congruency effect 

We also wished to test for a sequential congruency effect or Gratton effect (Gratton 

et al., 1992), sometimes seen in priming literature. Thought to be a form of conflict 

adaptation, the prime congruence on a given trial has a reduced effect when preceded by 

an incongruent trial - but generally only when primes are consciously seen (van Gaal, de 

Lange, & Cohen, 2012). For each trial, we determined whether the immediately 

preceding trial presented a prime which was Relation-Congruent or Relation-

Incongruent. This factor was coded for each trial as Previous Prime Type. Trials were 

only included in this analysis if the preceding trial (i) was also a choice RT trial; (ii) was 

responded to correctly; (iii) occurred no more than five seconds before the current trial. 

Accuracy and reaction times were submitted to two-way repeated measures ANOVAs 

with factors Prime Type and Previous Prime Type. Target Relation and SOA were not 

included in this design. If a sequential congruency affect behaviour, this would be 
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reflected in an interaction of Prime Type and Previous Prime Type, such that any effect 

of Prime Type would be increased when the Previous Prime Type was Relation-

Congruent. 

5.4.4 Results 

Participants had no trouble performing the choice RT task. Accuracy was at ceiling 

(97.5%; SEM: 0.3%) and no participants failed to reach the pre-registered criterion for 

performance accuracy of 90%. Mean correct reaction time to targets was 654ms (SEM: 8 

ms). 

5.4.4.1 Prime discrimination 

The distribution of discrimination performance on Strongly Masked primes (25.0%, 

SEM: 1.0%) was positively skewed, with most participants performing around chance but 

some able to partially discriminate primes (Figure 18). These scores clearly differed from 

the guess rate of 20% (t(39) = 4.69, p < .001), although this distribution was also non-

normal (Shapiro-Wilk test statistic = .899, p = .002), like masked discrimination in 

Experiment 3. The relative evidence of support in the data for the hypotheses that 

 

Figure 18. Prime discrimination for each participant in Experiment 4. Upward triangles: 

Weakly Masked primes; downward triangles: Strongly Masked primes. Each bar 

represents the performance of one participant, where longer bar lengths correspond to a 

greater intra-individual difference in performance on Strongly Masked and Weakly 

Masked primes. The dashed line represents the guess rate. Crosses are used in place of 

downward triangles where participants outperformed the inclusion criterion for Strongly 

Masked prime discrimination of 28%. Unfilled triangles show grand mean performance 

with standard error of the mean. ***p < .001. 

*** 
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participants could not or could partially perceive primes was also quantified using a 

Bayes factor. The mean difference from guess rate was 5.0% (SEM: 1.1%). The data 

provided very strong support for the hypothesis that participants could partially see 

primes (HA), relative to the hypothesis of invisibility (H0), BFA0 = 15706.9. Based on both 

frequentist and Bayesian approaches, it is clear that a number of participants were 

minimally conscious of some features of masked primes, at least on prime discrimination 

trials. 

Across all participants, discrimination of Weakly Masked primes (72.2%, SEM: 

2.8%) was greater than for Strongly Masked primes, t(39) = 17.7, p < .001. This suggests 

that participants were able to perform the discrimination task without much difficulty, 

and that low scores on Strongly Masked trials can be attributed to effective masking. 

The performance of 11 of 40 participants was found to exceed the pre-specified 

exclusion criteria for Strongly Masked prime discrimination. These participants had 

discrimination accuracies above 28%, and were unlikely to have been totally unaware of 

strongly masked primes. These participants were sidelined from further analysis. 
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5.4.4.2 Prime effect on choice RT performance 

In total, 29 participants who could not discriminate primes were included in the 

three-way ANOVAs. For accuracy, the ANOVA revealed only a main effect of Target 

Relation, showing higher accuracy in responding to different targets, F(1,28) = 11.3, 

p = .002 (Table 12). Effects of Prime Type, SOA, and all two-way and three-way 

interactions failed to reach significance (all Fs < 1, all ps > .1). 

For reaction times, a main effect of SOA showed that responding was slower to 

targets presented at a short SOA, F(1,28) = 565.8, p < .001 (note that all reaction times 

were relative to target appearance). Target Relation also showed a significant effect 

 

Table 12. Analysis of Variance for Accuracy in Experiment 4. SS = Sum of squares. 

**p < .01. 

 

 

 

Source SS df F p

SOA 0.00 1 0.06 0.812 0.00

(Error) 0.01 28

Target Relation 0.01 1 11.31 0.002** 0.29

(Error) 0.02 28

Prime Type 0.00 1 0.29 0.597 0.01

(Error) 0.01 28

SOA ×

Target Relation
0.00 1 0.97 0.333 0.03

(Error) 0.01 28

SOA ×

Prime Type
0.00 1 0.54 0.467 0.02

(Error) 0.01 28

Target Relation ×

Prime Type
0.00 1 0.75 0.394 0.03

(Error) 0.01 28

SOA × Target Relation 

× Prime Type
0.00 1 0.75 0.394 0.03

(Error) 0.01 28

𝜂𝑃
2  
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(F(1,28) = 7.35, p = .011) with responses to different targets slower in general. Notably, 

there was no significant effect of Prime Type (F(1,28) = .058, p = .811). The interaction of 

SOA and Target Relation was not significant, F(1,28) = 1.31, p = .26, nor was any other 

interaction (all other Fs < 1, ps > .1) (Table 13). 

For both accuracy and reaction time measures, there was no evidence that the 

response congruence of prime relation and target relation, here coded as Prime Type, 

affected responding to targets. In other words, priming by an unconsciously integrated 

relation was not observed. 

 

Table 13. Analysis of Variance for Reaction Times in Experiment 4. SS = Sum of squares. 

*p < .05. ***p < .001. 

 

 

 

Source SS df F p

SOA 0.11 1 565.80 0.001*** 0.95

(Error) 0.01 28

Target Relation 0.01 1 7.35 0.011* 0.21

(Error) 0.04 28

Prime Type 0.00 1 0.06 0.811 0.00

(Error) 0.00 28

SOA ×

Target Relation
0.00 1 1.31 0.262 0.05

(Error) 0.01 28

SOA ×

Prime Type
0.00 1 0.66 0.424 0.02

(Error) 0.00 28

Target Relation ×

Prime Type
0.00 1 0.20 0.656 0.01

(Error) 0.00 28

SOA × Target Relation 

× Prime Type
0.00 1 0.33 0.571 0.01

(Error) 0.00 28

𝜂𝑃
2  



 

128

 

Bayes factors were calculated to test which hypotheses were supported by reaction 

time differences at each SOA. At the Short mask-to-target SOA, mean slowing for 

Relation-Incongruent trials over Relation-Congruent trials was 0.9 ms (SEM: 2.1 ms). 

This provided strong support for the null hypothesis of no difference over the possibility 

of a positive congruence effect (BF+0 = .102) and over the possibility of a negative 

congruence effect (BF-0 = .057). For Long SOA reaction times, Relation-Congruent trials 

were slightly slower than Relation-Incongruent trials by 1.6 ms (SEM: 2.1 ms). 

Nevertheless these data also supported neither a positive congruence effect (BF+0 = .053) 

or negative congruence effect (BF-0 = .153). In fact, the data strongly support the null 

hypothesis of no difference in reaction time measures from Prime Type in either 

direction, at both SOAs. 

5.4.4.3 Sequential congruency effect 

The possibility that congruency from previous trials (Previous Prime Type) would 

carry over and affect behaviour on current trials (Prime Type) was investigated for 

 

Figure 19. Accuracy (left) and correct reaction times (right) in Experiment 4. Conditions 

are grouped based on SOA and Prime Type. Separate lines show responses to Same 

targets (solid grey) and Different targets (dotted black). RC = Relation-congruent; 

RI = Relation-incongruent. Error bars represent standard error of the mean. *p < .05. 

**p < .01. ***p < .001. 

** 
* 

*** 
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accuracy and reaction times. Separate two-way repeated measures ANOVAs revealed no 

main effects or interactions for either accuracy or reaction time (all ps < .1). 

5.4.4.4 Effect of participant exclusion 

Analyses above were repeated for all participants, regardless of prime 

discrimination performance. The same main effects appeared for accuracy (Target 

Relation, F(1,39) = 17.21, p < .001) and for reaction time (SOA, F(1,39) = 863.2, p < .001; 

Target Relation, F(1,39) = 10.95, p = .002). All other effects and interactions remained 

nonsignificant (all ps > .1). Likewise, for the analysis of sequential congruency, no 

significant effects were found (all ps > .1). 

5.4.5 Summary 

We designed Experiment 4 to maximize power to detect a small effect of relation 

priming. Despite more closely matching the procedural approach of previous authors, 

including adapting a choice RT task, the design did not appear any more sensitive to 

priming by relation than Experiment 3. 

Parameters for stimuli were modified in Experiment 4 with the aim to produce more 

consistent and effective masking across the participant sample. Performance on Weakly 

Masked prime trials showed fair discrimination, indicating that changes to the design 

(specifically, a much longer prime-to-mask SOA) were successful in showing that there 

was no task difficulty artifact for this task. After collecting 40 participants, it must be 

conceded that primes were not masked to commonly accepted standards. As with 

Experiment 3, the findings must be considered in light of the mixed masking results.  

Despite considering different behavioural measures, effects in different directions, 

various SOAs, no significant effect of Prime Type was seen. In addition, no across-trial 

effect of Prime Type, a sequential congruency effect, could be found. Importantly, 

Bayesian analysis shows that this null finding was not simply an issue of low power to 
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detect an effect or insensitivity of the data. Actually, the results strongly supported a 

null hypothesis of no effect over even a minor priming effect of 10 ms, under multiple 

conditions. Notwithstanding that primes may not have been completely unconscious, 

Experiment 4 shows that the relation of masked primes did not affect responding to 

subsequent targets.  

5.5 Discussion 

Experiments 3 and 4 failed to provide robust evidence that the relation of masked 

stimuli could be integrated, in contrast to Experiments 1 and 2 as well as previous 

research. Furthermore, masking was not completely effective in either experiment, 

although we believe this is unlikely to underlie the null findings. Allowing that 

participants may have been minimally conscious of primes, the basic implication of 

Experiments 3 and 4 is that priming by the relation of stimuli does not occur when the 

relation is integrated over a large stimulus set. Yet even this simple finding leaves several 

unanswered questions. A consideration of differences between earlier studies and the 

current experiments may yield some insight into the reasons for a failure to find an effect. 

5.5.1 Were primes unconscious in Experiments 3 & 4? 

5.5.1.1 Prime discrimination measures failed to show invisibility 

In Chapter 1, we discussed ways in which researchers may establish the absence of 

awareness in an unconscious processing study. While we explored a novel approach to 

this issue in Chapter 3, we returned to traditional methods in Experiment 3 and 4 to 

provide converging evidence of UIR through priming. Across two masked priming 

studies, we used an interleaved discrimination task as a direct measure of objective 

visibility. Discrimination trials were interleaved with go/no-go trials which provided the 

indirect measure, and featured primes perceptually identical to those in standard trials 

and easier, visible primes as well (Lin & Murray, 2014a; Pratte & Rouder, 2009). 
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Masking appeared to be generally effective in both experiments, with most 

participants performing around chance at 20%. Yet both groups of participants had 

several performers with some discrimination or prime orientations. Based on both 

frequentist NHSTs and Bayesian relative support, we could not demonstrate that 

discrimination of either group was at chance. Although they have been critiqued, 

according to established standards in the literature we cannot claim that primes, or any 

accompanied processing were unconscious. 

The failure to demonstrate that participants could not perceive primes is 

problematic, as it is generally accepted that prime visibility correlates with priming 

congruence effects (Boy & Sumner, 2014; Cheesman & Merikle, 1984). Even if “visibility 

leak” was a minor possibility, capture of visible stimuli within or across participants 

could be responsible for any differences in indirect measures. Evidence of this was seen 

in Experiment 3, where the participants’ discrimination of primes correlated with the 

facilitation gained from prime-target visual feature correspondence. 

5.5.1.2 Participant exclusion 

An option used by some researchers is to reject those who clearly discriminate 

primes from further analysis. Shanks has warned against removing participants using 

cutoffs based on observed data distributions (Shanks, 2017). When direct and indirect 

measures are correlated, dividing observations into groups risks regression to the mean 

and false positive results. We had few options for dealing with outlier participants in 

Experiment 3. Nevertheless, there was a clear bimodal distribution in discrimination 

performance which appeared to drive at least a priming effect from matching perceptual 

features. 

In anticipation of a continuing issue with outlier performance, we pre-specified a 

criterion for maximum discrimination from participants in Experiment 4. Setting an a 
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priori standard for visibility nullifies the danger of a regression to the mean, as 

classification of participants and their performance is not based on observed data. Thus 

we feel justified in analysing included participants as being unaware of primes in 

Experiment 4. We have also provided an analysis of all participants. 

5.5.1.3 Awareness of relation vs orientation  

Despite the warnings above, one point in favour of a more liberal interpretation 

should be noted. In most studies, researchers would have tested discrimination of prime 

relation. According to Newell & Shanks’ four criteria (2014), this would have improved 

the relevance of the direct measure, as stimulus relation was also germane to the indirect 

task. As mentioned in Experiment 2, in an effect to increase sensitivity to prime 

awareness, we instead indexed discrimination of component prime orientations. Again, 

our preference has been to treat measures of component features of a stimulus as more 

sensitive than measures of composite stimulus features by necessity (Snodgrass et al., 

2004). That is, if participants are insensitive to prime orientations, they must be 

insensitive to prime pair relation as well. Independently of whether this claim holds and 

whether the approach is indeed more thorough in detecting residual awareness, it may 

have been too conservative in the present case. It is still entirely possible that 

participants could not discriminate the prime relation in both experiments, while 

showing marginal prime orientation discrimination.  

Of course, participants were not asked to consider or attend to prime relation on the 

prime discrimination task, but they may have used conscious or unconscious knowledge 

of the relation to make orientation discriminations regardless. Post hoc, it is possible to 

explore awareness of prime relations from existing data: given participant responses on 

individual prime discriminations, participants’ same or different responses can be 

compared to true prime relation. We calculated d’ for sensitivity to prime relation (Green 
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& Swets, 1966) in Experiments 3 and 4. Sensitivity to prime relation (d’) for Strongly 

Masked primes in Experiment 3 (d’ = .21, SEM: .11) was only marginally above chance, 

t(27) = 1.91, p = .07. For Experiment 4, relation sensitivity (d’ = .10, SEM: .06) also 

showed a trend, t(39) = 1.73, p = .09. On cursory inspection, it appears that prime 

orientation performance outstripped relation sensitivity.  

While we can speculate on true subjective experience of the stimuli, we are inclined 

to remain conservative and assume that some stimulus conscious vision of the stimuli 

could affect indirect measures. At the very least, the difference in the two ways of 

operationalising awareness shows that the relevance of direct measures - what 

participants are reporting awareness of - should be carefully considered and probed. 

5.5.2 No meaningful priming in Experiments 3 & 4 

5.5.2.1 Priming by relation 

In both the go/no-go task of Experiment 3 and the choice RT task of Experiment 4, 

evidence of unconscious integration of the prime’s relation would be established by 

differences in accuracy and reaction time measures in responses to targets. Based on 

previous findings of mixed positive and negative congruence effects (Liu et al., 2016; Van 

Opstal et al., 2010; Wang et al., 2017), we made no assumption about which direction a 

priming effect would take; we allowed that responding to targets could be facilitated or 

impaired by congruent or incongruent primes. We also considered in Experiment 4 the 

possibility that an unconscious effect of primes could be washed out by the wrong choice 

of SOA, and manipulated this factor. Finally, we hoped that a Gratton effect of sequential 

congruency across trials might be borne out by the data, and potentially more sensitive 

than within-trial measures. 

Experiments 3A and 3B provided mostly negative evidence of the effect of prime 

relation on No-go inhibition and Go reaction times. An effect of prime relation was seen 
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exclusively in Experiment 3B, where pairwise differences in reaction times following 

Relation-Congruent and Relation-Incongruent primes were significant. This effect did 

not obtain for commission errors in Experiment 3B or either measure in Experiment 3A. 

Furthermore, there was clearly no evidence for priming by relation of any sort in 

Experiment 4, which we had hoped would be more sensitive. Bayesian analysis there 

actually showed strong support for the null hypothesis that there was no difference in 

reaction times due to the primes. Overall, we interpret these findings as mostly negative 

for the proposed effect of prime relation, when controlling for a perceptual feature 

confound (discussed below). At best, a potential Relation Congruence Effect in priming 

is especially sensitive to procedural factors.  

It is possible that because number of exemplars per relation in the stimulus set was 

unbalanced, primes could affect one relation type more than the other. For instance, if 

different pairs were accompanied by reduced fluency or general processing interference, 

responding to these might suffer. Experiment 3 counterbalanced this possibility across 

participant groups, by manipulating what stimulus reaction was associated with 

inhibition. Main effects of Prime Type were noted in both groups, although there was 

some evidence that the strength of congruence effects interacted with Go Pair Relation 

in Experiment 3B. An interaction between these would suggest that primes of one 

relation (i.e., same primes or different primes) had a greater systematic effect on 

responding. In Experiment 4, there were no interactions between Target Relation and 

Prime Type. There was a main effect of Target Relation, in that responses to different 

target pairs were both slower and more accurate compared to same pairs, possibly 

evidence of a speed-accuracy trade-off or deeper processing of these stimuli. It is plausible 

that different stimulus pairs, being less fluently processed, could impair behaviour even 

when unconsciously present. Yet, this effect did not appear for different primes, when 
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considered independently of the presented target relation. The absence of this sort of 

effect further suggests that prime relation was not processed at all in Experiment 4. 

5.5.2.2 Priming by perceptual features 

In contrast to relation priming, there was good evidence of perceptual priming in 

Experiment 3: responses were facilitated when identical orientations were “previewed” 

beforehand as masked primes. Primes sharing orientations with their targets (and thus 

also a congruent relation) led to faster reaction times to targets by 13.1 ms (SEM: 3.5 

ms). This facilitation was relative to primes which were relation-congruent to their 

targets but featured component orientations that differed from corresponding target 

component orientations. Post hoc tests showed that this contrast was at least marginally 

significant in Experiments 3A and 3B. Thus, it is likely that the visual features of primes 

were being processed, and facilitated later processing of the visual features of targets. 

On the face of it, this is not very surprising – potentially, early visual areas tuned to 

orientation could be activated by primes, speeding up a subsequent activation of the 

orientations of targets. It would also not necessarily be surprising if this effect occurred 

without giving rise to awareness of the primes. 

But, regression of this effect against prime discrimination showed that the Percept 

Congruence Effect was mostly due to several participants who had better discrimination 

of the primes than the rest of the sample. This could mean that even this perceptual 

priming is prohibited without the minimal consciousness of the visual features of primes. 

This observation, in combination with the analysis of prime discriminability, speaks 

against the interpretation of this effect as a sort of unconscious process.  

As discussed in Chapter 2, evidence of an integrative task should be independent of 

other factors – in particular, stimulus features – that could explain behavioural signals. 

The Percept Congruence Effect seen here could never provide evidence of integration of 
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the prime relation. In Experiment 3 and 4, integration of the prime relation would 

instead would established by a Relation Congruence Effect, the congruence of relations 

of primes and targets while controlling for perceptual correspondence. The finding of a 

Percept Congruence Effect in Experiment 3, whether conscious or unconscious, instead 

shows that visual features between primes and targets is a significant confound for UIR. 

Researchers must address this confound if they hope to demonstrate that integration of 

relation is truly abstract and independent of component features. 

5.5.3 Comparison with previous findings 

Overall, evidence from Experiments 3 and 4 show that unconscious integration of 

relation does not occur with a larger exemplar set, causing priming. This contrasts 

sharply with relation priming effects in previous studies and our Experiment 2, which 

introduced the novel stimulus set. Liu and colleagues (2016) and Wang and colleagues 

(2017) showed that integration over a 2-exemplar set could prime responses in choice RT 

tasks. Here, priming failed using a richer stimulus set, and Experiment 3 used a 

standard go/no-go paradigm. Experiment 2 showed unconscious integration, but adapted 

an uncommon masked go/no-go paradigm and a novel analysis approach. Thus, the 

differences between experimental designs reveal several possibilities to reconcile the 

various findings. We focus on three key areas: differences in the stimuli used; differences 

in analyses; and differences in procedures. 

5.5.3.1 Is 25 exemplars too many to prime? 

Liu and colleagues (2016) primed the relation of pairs of emotional faces, where the 

expressions could be happy or sad. Wang and colleagues (2017) primed the relation of 

arrows pointing either left or right. In both cases, only four pairs of exemplars were 

available to be responded to (ignoring irrelevant identity differences in faces). In both 

Experiment 3 and 4 we attempted to show unconscious integration of 25 possible pairs 
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of arrows. While this would provide strong evidence of genuine integration, the 

complexity of the integration task may have rendered it infeasible. 

Unconscious integration may be possible in limited circumstances - such as with 

limited exemplars - but show weak signals otherwise. Hassin (2013) argues that for a 

process to occur unconsciously, enabling conditions should be met, including practice and 

ability. In a similar vein, Damian (2001) argues that unconscious processing must be 

bootstrapped by conscious exposure to stimuli. Yet, at least some authors have shown 

integration of relation over many exemplars, including novel ones, albeit ones with 

prepotent semantic associations (Van Opstal et al., 2011, 2010). If indeed the stimulus 

set is too rich for the unconscious, it remains to be established what enabling condition 

made unconscious integration elicitable in Experiment 2 but not Experiment 3 or 4.  

Another possibility is that the relation priming shown by previous authors could in 

fact be an effect of perceptual priming after all. Although those authors argued that 

perceptual features caused no priming, and showed this by contrasting specific 

conditions, this should be called into question. In fact, with only 4 permutations of 

stimulus pairs, it is impossible to disentangle perceptual correspondence from a 

relational congruence in those designs. Our own results in Experiment 3 suggest that 

perceptual priming plays an important part in motor preparation for target responses, 

at least under certain parameters. When correspondence between the visual features of 

primes and targets was controlled for in Experiments 3 and 4, priming effect largely 

disappeared. If the influence of perceptual priming in previous studies of UIR (Liu et al., 

2016; Wang et al., 2017) was underestimated, then it is possible that the priming 

observed in those studies does not reflect genuine unconscious integration at all. 

5.5.3.2 Differing analysis between experiments 

If integration of the larger exemplar set was not possible, what could explain 
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positive results in Experiment 2? It could be argued that our alternative approach to 

isolating unconscious trials in that experiment is responsible. This approach could have 

led to a false positive (and unconscious integration of a larger stimulus set does not occur) 

or, paradoxically, could have been more sensitive to subtle signals of unconscious 

processing. Trial selection from failures-of-report may have reduced noise (e.g., from 

partial visibility trials) that otherwise would weaken a signal. A more worrying prospect 

is that some other artifact of this approach created an illusory effect, as discussed in more 

depth in Chapter 4. 

5.5.3.3 Differences between MGNG and priming paradigms 

Alternatively, there could be some interesting and unexplored differences between 

the masked go/no-go paradigm and priming paradigms (including both the standard 

go/no-go and choice RT) that have consequences for sensitivity to unconscious effects. For 

several reasons, the MGNG may be better designed for revealing unconscious modulation 

of behaviour, but at the cost of task complexity.  

For one, the masked stimulus in MGNG (as used in Experiment 2) was more weakly 

masked than in later experiments. Thus the masked stimulus had higher energy than 

the masked prime, presumably giving it more potential to trigger the necessary 

sensorimotor activation. But, it should be noted that this difference was also related to 

the analyses: Experiment 2 relied on trial-by-trial fluctuations, allowing a more weakly-

masked stimulus, whereas primes in Experiments 3 and 4 were intended to be effectively 

masked throughout. 

Even given an approximately equal stimulus energy, the relevance of primes to 

behaviour may be vastly different from the stimulus in the MGNG task. Importantly, 

priming relies on two stimulus presentations on each trial, the prime and target. These 

are necessarily temporally separated, opening up the possibility that any interference or 
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facilitation caused by primes may fade too quickly to affect target processing (van Gaal 

et al., 2012). Participants may also habituate to the brief flash of primes or learn to ignore 

them; the maintenance of an attentional set throughout critical moments in a trial is 

thought to be necessary to trigger unconscious processing (Lin & Murray, 2015; van Gaal 

et al., 2012). In common priming studies, attention may not fully engage with 

unconscious primes when these are not explicitly task-relevant, rendering them 

ineffective (Naccache, Blandin, & Dehaene, 2002). In contrast, the single stimulus in 

MGNG affects a response to its detection, based on its features. In a sense, it interferes 

with itself. There is no separation of prime and target, so participants cannot ignore or 

habituate the features of interest. With fewer stimulus switches, complex rebound effects 

that occur over time as in negative congruence priming do not seem to affect responses 

to the MGNG stimulus.  

One intriguing possibility not fully explored here is that the dual task demands of 

the MGNG paradigm make it especially suitable for studying unconscious effects. Recall 

that the masked go/no-go task can be considered two orthogonal evidence accumulation 

tasks. The observer must decide whether the stimulus is discriminable, and also decide 

whether it possesses a particular feature. If evidence for these tasks must build 

simultaneously, it is plausible that evidence for one decision spills into the other, or 

accumulated evidence for both are combined in the decision to initiate a motor response. 

This could also take the form of a criterion shift. Priming can also be viewed as an 

evidence accumulation effect, except that evidence arrives in two sequential stages, in 

the form of the prime and target. Again, evidence provided by the prime could be 

discounted if the decision-making circuit flags that evidence as not response-associated. 

This refractory process could also be responsible for oscillatory positive and negative 

priming effects (Eimer & Schlaghecken, 2003; Sumner, 2007). 
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5.6 Conclusion 

We explored whether the unconscious integration of relation across a large stimulus 

set would generalize to priming in two experiments, using both a go/no-go task and choice 

RT task. Despite previous findings of unconscious integration using priming, we found 

only minor evidence of such an effect across these experiments. Instead, evidence that 

both prime awareness and prime-target visual correspondence could drive behavioural 

differences was seen, confirming that these potential confounds should be taken 

seriously. 

Although there was no robust demonstration of a relation priming effect, this does 

not necessarily mean that there was no unconscious integration. The effects of integrated 

primes may have been too weak to affect measures in the designs used, particularly when 

considered in the light of Experiment 2, where unconscious effects of relation integration 

were seen. Future work is needed to establish whether the failure to observe UIR here is 

due to a hard limit on stimulus set size or an artifact of differences in the sensitivity of 

experimental paradigms.  
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6 CONCLUSION 

In this thesis, we have set out to provide strong converging evidence on whether a 

specific function, the integration of relation, can occur without awareness. Our objectives 

in doing so focused on two aspects: establishing firmly that a genuine integrative process 

has occurred, and showing that this process is indeed unconscious. On both of these 

aspects the findings across the several experiments were mixed, but provide some insight 

on best practices in the field and suggest several paths forward for continuing research. 

6.1 Mixed findings showing the integration of 

relation 

The theoretical focus of the experiments presented here was on the integration of 

relation, the judgment of whether some relevant feature of two inputs is the same or 

different. Although this process has been demonstrated by previous authors as described 

in Chapter 2, its potential remains essentially unexplored. Our first objective was to 

provide robust evidence that what is thought of as integration of relation is truly a result 

of an underlying process that abstracts stimulus properties and compares them. To 

address this question, our strategy focused primarily on showing that the integration 

process was independent of stimulus properties, and secondarily on showing that is not 

sensitive to the experimental paradigm used. 

Experiment 1 reproduced the UIR seen in an earlier study (Lin & Murray, 2014b). 

Interestingly, the influence of the integration of relation was quite pronounced relative 

to our other experiments, showing a similar effect size as the earlier study. Nevertheless, 

the stimuli used were extremely limited, leaving the results open to other explanations. 

To address this, Experiment 2 involved the use of a richer stimulus set and 

counterbalanced some stimulus factors which were confounded in Experiment 1. The 

unconscious inhibition driven by these stimuli was clearly evidenced, albeit weaker 
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overall. Between Experiments 1 and 2, the integration of relation was confirmed to be 

reproducible, and also to occur even when stimulus inputs were more varied.  

But, these effects were shown in an uncommon and underexplored paradigm, the 

masked go/no-go procedure. Experiments 3 and 4 investigated whether the integration 

of these stimuli would generalize to masked priming, indexed by a go/no-go and choice 

reaction time procedure, respectively. Across Experiments 3A and 3B, there was mixed 

but generally positive evidence for the integration of relation. These results were 

tempered by the failure to fully mask stimuli: prime relation effects on behaviour 

appeared to be driven by prime visibility across participants. When controlling for high-

performing discriminators in Experiment 4, no evidence of relation integration was 

found. Importantly, we explored (in Experiment 3) and controlled for (in Experiment 4) 

an alternative explanation of priming which implicates priming by perceptual features, 

rather than by prime relation. This results strongly suggest that this factor does have an 

influence on priming measures: perceptual priming was clearly observed in Experiment 

3, and priming overall disappeared when perceptual correspondence was eliminated in 

Experiment 4. 

6.1.1 Reconciling current and previous findings 

While Experiments 1 and 2 provided some evidence of unconscious integration of 

relation and established that this function is not overly sensitive to the stimulus set size, 

the evidentiary value of Experiments 3 and 4 is unclear. We interpret the results of the 

latter two experiments as generally negative for UIR, particularly when partial prime 

visibility is taken into account. Our tentative explanation is that traditional priming 

paradigms may lack sensitivity to detect the weak effects that signal unconscious 

processing, particularly when methodological standards are rigorous. As the exploratory 

space is refined, effects will necessary shrink, and it may be that masked priming cannot 
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keep pace. 

Our first experiments into UIR were oriented around the MGNG procedure, which 

was first utilized in this area by Lin and Murray (2014b). When contrasting Experiments 

1 and 2 with Experiments 3 and 4, it is not clear credit should be granted to the MGNG 

paradigm for revealing that evidence. We discussed some interesting aspects of the 

paradigm that set it apart from traditional priming in Chapters 3 and 5; it is the author’s 

intuition that it provides a stronger signal of unconscious effects, for two related reasons. 

One, the “prime” and “target” in the design are one and the same, and so cannot conflict 

with one another; and two, the neural evidence accumulated from the masked stimulus 

is synchronous with the overt behaviour it influences, rather than these being in 

sequence. If true, this attractive advantage would have to be weighed against the 

procedural complexities – the significant participant rejection we experienced was costly. 

As the use of the MGNG paradigm was not a focus of the research, we were prohibited 

from exploring these aspects fully. A more systematic investigation could directly 

compare effect sizes from an unconscious process obtained using the MGNG, go/no-go, 

and choice RT tasks while fixing other factors. Future research may also illuminate best 

practices for its use in the laboratory, such as catch trials and feedback. 

What may explain the contrast between previous research findings using masked 

priming (Liu et al., 2016; Wang et al., 2017) and the results of Experiments 3 and 4? On 

the one hand, it is possible that a weaker signal of integration, due to increased set size, 

cannot be reflected in masked paradigm if this design is not sufficiently sensitive. 

Alternatively, while those authors claimed to have ruled out the effect of perceptual 

priming, we argue that the limited set size used previously precludes this conclusion. 

Instead, it is likely that when prime visual correspondences are taken seriously, the 

remaining signal of genuine integration would be even smaller. 
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Thus, there are several potential explanations for the equivocal results 

Experiments 3 and 4, and how these should be considered relative to Experiments 1 and 

2 and previous studies. Unfortunately, these possibilities cannot be disentangled using 

the designs of the experiments presented here. Future work could focus on isolating the 

effects of stimulus set size, stimulus visual correspondence, and experimental paradigm 

to understand the different effects these each have on signals of unconscious integration. 

For example, a more systematic approach could have first tested a 2-alternative stimulus 

set (e.g., squares and diamonds) to confirm the presence of masked priming effects prior 

to Experiments 3 and 4. While this would not illuminate what caused the priming, it 

would fix stimulus and procedural parameters in anticipation of further experimental 

refinement. 

6.1.2 Generalization of UIR to richer stimuli 

A notable contribution to the field is the novel stimulus set developed for 

Experiment 2, and described in Appendix A. On the face of the results of Experiment 2, 

we have shown that unconscious integration of relation can occur over this stimulus set, 

where each stimulus could take one of five orientations. This is not the first evidence that 

integration will generalise to large sets; van Opstal and colleagues (2011, 2010) also used 

several stimuli as inputs, but we note that these stimuli had prepotent semantic force. 

Thus, it seems that integration is not limited to very small and overtrained set sizes, 

although it is likely that unconscious signals will be reduced as the input space of the 

integration function is further explored in the laboratory.  

Of course, this incremental advance in the literature falls short of the ultimate goal 

of a truly abstract and genuine integration of completely novel stimuli – a goal that is 

likely unattainable. A never-before-seen stimulus can only appear once; from a single 

trial, it would be impossible to draw rigorous theoretical conclusions. Researchers would 
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also struggle to fulfil Hassin’s prerequisites for an unconscious process (i.e., practice, 

motivation, and ability, Hassin, 2013). If attempting to train an input-independent 

integrative function that generalizes across categories, investigators may still butt up 

against alternative explanations such as action triggers (Kunde et al., 2003) if 

participants can anticipate the stimuli that may occur (but see Van Opstal et al., 2010).  

A more realistic next step might be to more carefully parameterize the complexity 

of the stimulus inputs to integration, while holding other experimental factors constant. 

One option would be to use Gabor patches which could appear at an arbitrary number of 

orientations, or even vary continuously. In such a future study, the scope of the 

integration function – its “integration window” in the terms of Mudrik, Faivre, and Koch 

(2014) – can be delimited. Here, we were unable to find a paradigm showing a consistent, 

robust UIR effect that would be necessary to explore the boundaries of set size for 

integration.  

6.2 Demonstration that stimuli were unconscious 

Our second objective was to demonstrate UIR while convincingly showing that the 

integrated stimuli remained unconscious. In Chapter 1, we covered several means by 

which researchers can show that stimuli are unconscious, and discussed the current state 

of the UIR literature with regard to this aspect in Chapter 2. We have taken the view the 

previous researchers have not used the most rigorous means to demonstrate the absence 

of awareness. Our primary contribution towards this objective was the development of 

an analysis approach based on the misidentification criterion. 

Experiment 1 used a trial-based subjective assessment to identify when stimuli 

were unconscious, following some previous authors in the field (Lin & Murray, 2014b; 

Liu et al., 2016). As previously discussed, this approach is generally considered 

problematic because it relies too much on participant’s subjective ratings and is 



 

146

 

vulnerable to visibility capture in trials categorized as unconscious. While the evidence 

of Experiment 1 does not directly speak to this possibility, an analysis comparing MGNG 

responding and subjective reports suggested that participants were inconsistent in using 

visibility ratings, showing that the concern should be taken seriously, and undermining 

claims that participants were indeed unconscious when they said they were. 

To address this issue, we introduced the MIDC approach in Experiment 2, using a 

trial-based but objective assessment. Based on objective failures of report, we inferred 

when stimuli were unconscious. While meeting several criteria for robustly 

demonstrating no awareness of stimuli, we showed integration of relation across a richer 

stimulus set.  

Although we felt that Experiment 2 provided good evidence that stimuli were 

unconscious, we returned to traditional methods in Experiments 3 and 4 while we 

focused on provided converging evidence of UIR. Separate prime discrimination trials 

indexed stimulus visibility, which was tested using both frequentist and Bayesian 

analyses. We employed recommended practices of interleaving discrimination trials 

throughout the main experiment, providing a mix of weakly- and strongly-masked 

primes, and closely matching the prime presentation context of the main task. 

Nevertheless, we failed to show that participants were unconscious of primes in both 

experiments. Worse still, some priming effects appeared to be driven by participants with 

residual stimulus visibility, underscoring the seriousness of this alternative account of 

unconscious processing. 

6.2.1 Is the MIDC a viable approach? 

Arguably the closest we have come to robustly demonstrating the absence of 

awareness was in Experiment 2. We argue that using a common sense notion of 

awareness – reportable knowledge – the trials we analysed were indeed unconscious. We 
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believe that the inference behind the MIDC approach, discussed in depth in Chapter 4, 

is a safe inference with undemanding assumptions. These assumptions, we believe, are 

the same or no worse than unstated assumptions in other methods, e.g., participants are 

engaged and attentive and can hold an item in working memory for more than one 

second. In essence, this approach – analysing only failures of report - is the ultimate 

instantiation of the double dissociation logic behind unconscious processing research.  

A trickier issue is whether analysing failures-of-report in isolation is appropriate, 

even when pursued a priori. The heart of this concern is the uncertainty of how the 

approach affects unconscious signals and noise. On the one hand, by reducing the 

“diversity” of perceptual states being classified as unconscious at the trial level, noise 

may be reduced in turn. Alternatively, perithreshold trials or cases of partial visibility 

which would otherwise contribute to signal strength could be expunged. Although there 

is uncertainty on this aspect, we note that this tradeoff is by design: we intentionally 

sacrifice some sensitivity to unconscious effects to strengthen methodological claims of 

stimulus unawareness. Of course, there is a lot more work to be done in understanding 

the connection of perception and awareness. 

This contribution is not a silver bullet for demonstrating unawareness. But, we hope 

that others will see value in the misidentification criterion as an additional tool for 

studying unconscious processing. Researchers should consider the use cases of the 

approach beforehand, with particular consideration to the inferential strength provided 

by failures-of-report in a given paradigm (for example, it would likely be an inappropriate 

way to demonstrate unawareness of a 2-alternative stimulus).We believe it is best suited 

for disconfirming the influence of stimulus awareness in effects that have been observed 

with standard techniques. 
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6.2.2 The dilemma of NHST 

As a result of pushback against our MIDC approach, we returned to traditional 

methods to demonstrate that participants are unaware of stimuli. These studies did not 

use, nor were they designed for, analysis via MIDC. Instead, we focused on using the 

common NHST to demonstrate that prime discrimination was as chance, despite the 

well-known problems with this approach. We used the most rigorous means available 

within this approach to exhaustively assess any awareness of stimuli.  

Experiments 3 and 4 showed the inadequacy of these summary tests of visibility. 

Because of high performance on prime discrimination, we could not conclude that stimuli 

were unaware. This renders the results effectively uninterpretable, if statistically-shown 

prime unawareness is a prerequisite. Thus, the evidentiary status of these experiments 

with regard to unconscious processing is unclear. To this author, the situation highlights 

a potential pitfall that exists in the field, in which sound data collection is deemed of 

little value.  

We are concerned that standards for demonstrating unawareness have become 

unrealistic and a barrier to research. It has variously been claimed that: statistical tests 

cannot establish unawareness; participants cannot be excluded from analyses based on 

a priori or post hoc justifications; and inferences cannot be made about trial outcomes. 

While these constraints are well-reasoned, inflexibly applying them may prohibit the 

exploration of lines of research that could otherwise provide informative evidence. Our 

feelings echo comments in the same vein made thirty years ago: 

“…methodological rigor cannot replace theoretical development in the study of the 

unconscious. Indeed, due to the complex nature of this research area, it is essential to 

state explicitly the methodological implications of theoretical assumptions. In the 

absence of such clarity, the only option is a futile debate between "believers" and 

"non-believers" that has very little to do with empirical evidence.” (Reingold & 

Merikle, 1988, p. 573) 

We advocate for greater innovation in analysis approaches, as we have done in 
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Experiment 2. Furthermore, the use of multiple converging methods may be the most 

effective way to evidence unconscious processing in the future, as effects become subtler 

and more difficult to isolate. 

6.3 Significance and future directions  

6.3.1 What function underlies UIR? 

This research supports previous findings that the relation of percepts can be 

processed without awareness. Participants were consciously trained to discriminate the 

same/different relation and respond to it with an assigned response. We have interpreted 

evidence that these response associations were unconsciously activated as evidence that 

the stimulus relation was integrated, as a high-level cognitive function. Importantly, 

where possible we have eliminated or accounted for alternative drivers of the effect of 

interest to show that genuine integration is the most straightforward explanation of the 

results, rather than some feature of the stimuli themselves or of particular relation type.  

The stimulus-independence of the integration process does not preclude the 

possibility that UIR does rely in part on a simpler pre-existing neural mechanism to 

detect sameness in the visual field, which could operate at an intermediate stage. This 

putative mechanism could underlie Gestalt grouping, stereopsis, or simple numeracy 

(Leslie & Chen, 2007; Taves, 1941). For example, the redundant target effect is driven 

by neural facilitation from congruent stimuli, without an explicit instruction regarding 

stimulus relations (Miller, 1982; Murray, Foxe, Higgins, Javitt, & Schroeder, 2001). In 

the simplest case, same stimulus pairs could produce a differential neural signature or 

more processing fluency relative to different pairs, and this in turn could be associated 

with appropriate task behaviour. If so, this neural activity contrast would be required to 

map onto different response contingencies for different participant groups (in 

Experiment 2 and 3). This would nevertheless show a neural sensitivity to stimulus 
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relations – if not higher-level, abstract processing – occurring in the absence of 

awareness. 

Research in the future could explore not only the basis of this “sameness detector”, 

but investigate the generality of its role. A function similar to judging a same or different 

relation could occur with more than two objects; in sets of three or more, this would be 

akin to detecting oddity. Could participants learn to unconsciously detect the asymmetry 

that is present in the sets 7-7-8 or 9-6-6, but absent in sets 4-9-2 and 3-3-3? This sort of 

function would also be a form of integration, requiring the processing of all inputs. 

6.3.2 Is consciousness necessary for integration? 

In Chapter 2, we introduced integration as a general brain function that may 

require consciousness to be performed. Throughout the thesis we have explored a specific 

form of integration, judging the relation of stimuli. Does this function occur without 

awareness? Taken at face value, Experiments 1 and 2 confirmed that integration of 

relation does indeed occur unconsciously, as previously reported, and this integration is 

not dependent on a limited set size. Experiments 3 and 4 were inconclusive in this regard, 

besides suggesting that UIR is extremely sensitive to procedure and stimulation 

parameters. The limitations of the experiments conducted illustrate the necessity of 

pinning down apparatus, stimuli, and procedures that produce a sufficient and reliable 

signal of integration. A future line of inquiry may focus on describing the window across 

which integration of relation may occur, particularly in terms of stimulus category. In 

any research program, researchers should ensure that alternative explanations for 

unconscious integration are accounted for and addressed.  

Our open-minded scepticism has led to the conclusion that consciousness of stimuli 

appears unnecessary to integrate the relation of stimuli, at least in some limited 

circumstances. But even if viewed uncritically, the evidence does not necessarily 
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undermine the idea that integration is generally dependent on consciousness. In the 

present work, we started with a discussion of integration as a global class of functions, 

but for empirical purposes we narrowed our focus to one specific function. It is unclear 

how high- or low-level integration of relation is, and we do not take a position on whether 

this form of integration should be properly considered a perceptual or cognitive process. 

Integration may still require conscious awareness within obviously cognitive domains, 

such as in the integration of semantic properties or abstract ideas. Again, a more critical 

view of the literature and experiments above reveals that there are indeed limits to 

integration without awareness, a nuance that even the strongest supporters of 

unconscious processing would concede (Hassin, 2013; Mudrik et al., 2014). 

6.4 Closing 

We have demonstrated that the relation of two visual stimuli can be integrated 

without awareness, while making bona fide efforts to account for alternative theoretical 

explanations. Although this process seems to occur even when participants fail to identify 

the stimuli, mixed results across paradigms show that it is acutely sensitive to 

experimental context. We conclude that this form of integration does not require 

consciousness to be performed, although further research is needed to establish the scope 

and boundary conditions of unconscious integration of relation. 
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APPENDIX A: PILOT TESTING OF 5-

ALTERNATIVE STIMULUS  

Introduction 

As part of investigating the sensitivity of unconscious integration of relation to 

stimulus properties, we developed a novel stimulus to show that integration could occur 

over a larger set. Variations of this stimulus were used in Experiments 2, 3, and 4. 

We had several goals for the new stimulus that guided its development. Primarily, 

it should vary on some feature in at least three ways. Furthermore, the varying instances 

of this feature should remain effectively masked – that is, there should be no interaction 

between masking and particular feature “values”. Observers should also not be biased to 

prefer or choose one feature instance over others. As a masked stimulus, visibility of the 

stimulus should vary in a predictable way when mask parameters are manipulated. 

We followed previous authors in using metacontrast masking, in which the 

matching contour of a mask suppresses awareness of the contour of a stimulus. As with 

the metacontrast stimulus of previous authors (Lin & Murray, 2014b; van Gaal et al., 

2008), form or orientation of the masked stimulus can be varied without having to vary 

the features (i.e., contour) of the mask. We settled on the use of a mask containing a star-

shaped contour (Figure 6). This contour allowed five “arrowhead” shapes to fit within it 

in at various orientations (potentially other shapes could be fit inside, although these 

were not investigated). This stimulus and mask set offered the additional advantage that 

piecemeal awareness of a part of an arrowhead is not always enough to determine its 

orientation (Figure 9); visibility of the majority of the arrowhead is necessary. 

Because metacontrast masking effectiveness of this stimulus was unknown, its 

visibility was investigated under multiple presentation parameters. Among these we 

included a manipulation of the “fit tightness” between stimulus outer contour and mask 
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inner contour (that is, the spatial separation between the contours), a factor known to 

affect masking strength (Alpern, 1953; Francis, 1997). 

Method           .                                    

Participants 

4 participants at the University of Auckland took part in the study. Participants 

provided informed consent. All had normal or corrected vision. Advertising, recruitment, 

and testing followed guidelines of the University of Auckland Human Participation 

Ethics Committee, under reference number 013154. 

Stimuli                                                                                                             . 

Apparatus and stimuli were as described in Experiment 2, save for the following. 

During initial testing, component arrowheads were presented at 50% grey (131.9 cd/m2) 

and appeared slightly closer to fixation, at 2.31° eccentricity. Masks followed a 34.7 ms 

stimulus pair at a stimulus-to-mask SOA between 0 ms and 111 ms. Two slightly 

different mask annulus sizes were used (1.07° and 1.20°) to investigate the effect of 

contour fit on metacontrast masking. 

Procedure 

On each trial, two stimulus components appeared, each randomly selected from five 

possible orientations, before being metacontrast masked. Immediately afterward, a dual 

match-to-sample discrimination task was performed, as described in Experiment 2. 

Participants used the mouse to select an orientation for each component that they 

thought appeared. 

The session included 396 trials, split between 2 mask types (tight or loose contour) 

and 11 SOAs (0, 7, 14, 21, 28, 35, 42, 56, 69, 90, 111 ms), with 18 repetitions in each 

condition. Two discriminations, right and left components, were collected on each trial. 

The entire session lasted about 30 minutes. 
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Analysis & Results 

Discrimination Performance 

Discrimination accuracy was calculated on a per-selection basis with two 

independent discriminations performed on each trial. Accuracy was initiated explored 

separately for left and right discriminations. Recall that chance performance on this 

match-to-sample task was 20%. 

Discrimination was low (below 30%) for SOAs below 20 ms, and quickly improved 

at longer SOAs. The response function to SOA was clearly sinusoidal and monotonically-

increasing. Psychometric functions of masking often follow A-type (monotonically 

increasing) or B-type (U-shaped) patterns, with metacontrast masking usually showing 

the latter (B. Breitmeyer & Ogmen, 2006). Thus, we might expect masking effectiveness 

to increase with increasing SOA at low values, before again decreasing. Nevertheless, A-

type functions are known to occur when mask energy (luminance and duration) greatly 

outstrips stimulus energy, as in this case. As we intended to employ an adaptive 

staircase, this observation was not problematic. 
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Side of presentation of stimulus components did not appear to affect discrimination 

in any way, neither did it interact with SOA (Figure 20). Similarly, the effect of mask 

type was minimal, although a looser contour seemed to produce marginally better 

masking. 

 Selection Bias 

Discrimination responses were also investigated for signs of response bias. For any 

given component orientation (ignoring side of presentation and mask type), we calculated 

the number of indicated orientations during selection as a proportion of all responses for 

that orientation. Unsurprisingly, the most common selection was the correct one, as 

discrimination was above chance throughout the study. On visual inspection, it is clear 

that a selection bias existed for the 139° (down-right) arrowhead, and to a lesser extent 

for 67° and 211° arrowheads. This preference is independent of the actually-presented 

orientation (Figure 21, top). Notably, this bias diminished for longer-SOA presentations 

(Figure 21, middle), suggesting that it was part of a guessing strategy. 

Is there a principled reason why observers might have preferred those arrows? Yes: 

 

Figure 20. Stimulus discrimination as a function of stimulus-to-mask SOA. Separate 

response functions are shown for left- and right-of-fixation stimuli (left) and for tight and 

loose mask contours (right). Bars represent the standard error of the mean. 
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the preferred orientations were always in the centre of the selection array, and so 

participants would have defaulted to these options when in a low-visibility context. 

Although the option was unavailable at the time, we can now compare these response 

patterns to selection behaviour in Experiment 3, which included a large sample of 

participants performing a nearly identical dual match-to-selection task. Critically, the 

choices in the prime selection array in that experiment appeared in randomised 

positions. Thus, participants who chose the central options as a guessing strategy would 

not show a systematic bias towards any component orientation. Indeed, a similar 

analysis of participant selection in Experiment 3 showed no bias toward central options 

(Figure 21, bottom). This selection bias reappeared in Experiment 4, after selection array 

randomization was removed. 
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Summary 

As a proof of concept, arrowhead stimuli were successfully suppressed from 

awareness at short SOA, and followed a shallow by monotonically-increasing response 

function. Importantly, there was no difference in effectiveness based on side of 

presentation. A slightly looser contour appeared marginally more effective at medium 

SOA. Although observers employed a guessing strategy when unsure of orientation, no 

systematic bias related to orientation (such as confusion of pairs of orientations) was 

seen. Modifications to the stimulus set we made upon implementation in 

experimentation, including further reduced luminance, to reduce stimulus visibility in 

general. 

 

Figure 21. Response proportions for each stimulus orientation. Each line represents one 

presented orientation (filled arrowheads); each point along line corresponds to one 

response option (unfilled arrowheads). Shown at top are responses to short SOA trials (0-

14 ms); note the bias to choose middle options. At middle, responses at long SOAs (69-107 

ms); no bias is notable as observers perform at ceiling. For comparison, responses collected 

in Experiment 3; selection array choices were randomized, and so no bias toward any 

orientation occurs. Grey shaded areas show the 95% confidence interval of the mean. 



 

158

 

APPENDIX B: PRE-REGISTRATION OF 

EXPERIMENT 4 
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